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Abstract

Aims: Intravenous (IV) misuse of the μ opioid analgesic oxymorphone has caused significant 

public health harms; however, no controlled data on its IV abuse potential are available. The 

primary aim of this pilot study was to directly compare IV oxymorphone to IV oxycodone, 

morphine and hydromorphone on a subjective measure of drug liking and to assess relative 

potency.

Methods: Participants (n=6) with opioid use disorder, physical dependence and current IV use 

completed this two-site, within-subject, double-blind, placebo-controlled, inpatient pilot study. 

During each session, one IV dose (mg/70 kg) was administered: oxymorphone (1.8, 3.2, 5.6, 

10, 18, 32), hydromorphone (1.8, 3.2, 5.6, 10, 18), oxycodone (18, 32, 56), morphine (18, 32) 
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and placebo. Data were collected before and for 6 h after dosing. Primary outcomes included 

safety/physiological effects, subjective reports of drug liking and relative potency estimates.

Results: All active test drugs produced prototypical, dose-related μ opioid agonist effects 

(e.g., miosis). Oxymorphone was more potent than the comparator opioids on several measures, 

including drug liking and respiratory depression (p <0.05). Across abuse-related subjective 

outcomes, oxymorphone was 2.3 – 2.8 fold more potent than hydromorphone and 12.5 –14 fold 

more potent than oxycodone (p<0.05).

Conclusions: Despite the relatively small sample size, this pilot study detected robust 

oxymorphone effects. Oxymorphone was far more potent than the comparator opioids, particularly 

on abuse potential outcomes. Overall, these findings may help explain surveillance reports that 

demonstrate, after adjusting for prescription availability, oxymorphone is injected at the highest 

frequency, relative to other prescription opioids.
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INTRODUCTION

Oxymorphone (14-hydroxydihydromorphinone) is a semisynthetic opioid agonist that 

displays a high degree of μ opioid receptor selectivity and intrinsic activity (Volpe et al., 

2011; Olson et al., 2019). Oxymorphone (oral, parental formulations) has a long history as 

an effective analgesic for cancer-related (Coblentz and Bierman, 1956; Eddy and Lee, 1959; 

Ciliberti and Eddy, 1961; Beaver and Feise, 1977; Beaver et al., 1977) and non-cancer pain 

conditions (Gabrail et al., 2004; Gimbel and Ahdieh, 2004; Gimbel et al., 2005; Hale et 

al., 2005, 2007; Sloan et al., 2005; Aqua et al., 2007; Rauck et al., 2008). These studies, 

along with proprietary data that are not publicly available, contributed to the published 

analgesic potency conversion tables that report oral oxymorphone is twice as potent as 

oxycodone, hydrocodone and methadone, and three-fold more potent than morphine for 

the treatment of pain (Endo Pharmaceuticals, 2016). However, comparatively few data are 

available regarding the analgesic potency of parenteral oxymorphone. The limited number of 

controlled studies that have tested parenteral oxymorphone have indicated that it is 8 – 13

fold more potent than morphine (Coblentz and Bierman, 1956; Eddy and Lee, 1959; Beaver 

et al., 1977), 50-fold more potent than meperidine, 2-fold more potent than hydromorphone 

(Coblentz and Bierman, 1956) and 14-fold more potent than oral oxymorphone on peak 

analgesic effect (Beaver and Feise, 1977). Nonetheless, the prescribing information for 

injectable oxymorphone only contains one opioid conversion – parenteral oxymorphone is 

10-fold more potent than parenteral morphine for pain relief (Endo Pharmaceuticals, 2006).

Although the analgesic efficacy of oxymorphone has been well characterized, there 

are limited data regarding its abuse potential. Two controlled studies have examined 

the effects of oral oxymorphone in the human laboratory, enrolling participants with 

histories of occasional opioid misuse. The first compared the physiological and behavioral 

effects of controlled-release (CR) formulations of oral oxymorphone (15, 30 mg) to 
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oral oxycodone doses that were two-fold greater (30, 60 mg) (Schoedel et al., 2010, 

2011). The results indicated that when the 1: 2 (oxymorphone: oxycodone) dose ratios 

were compared, oxymorphone displayed less abuse potential, and less physiological and 

cognitive impairment relative to oxycodone. However, the comparator doses tested were 

not physiologically equipotent (i.e., the miotic effects of oxycodone [30 mg] were greater 

than those produced by oxymorphone [30 mg]). A follow-up study was conducted to 

examine the effects of equal doses of oral immediate-release oxycodone and oxymorphone 

(10, 20, 40 mg) on experimental pain outcomes, abuse potential and overall potency 

(Babalonis et al., 2016). That report revealed that oral oxymorphone was approximately 

two-fold less potent than oxycodone on experimental pain outcomes (e.g., cold pressor, 

pressure algometer) and physiological outcomes (e.g., pupil diameter, end-tidal carbon 

dioxide [EtCO2] concentrations). However, at the highest dose tested (40 mg), oxymorphone 

produced abuse-related effects that were comparable to 40 mg oxycodone. These data 

suggest that oral oxymorphone may have greater abuse potential than oxycodone, given 1) 

that oxymorphone doses (e.g., 40 mg) which did not reliably produce analgesia and were 

less potent on physiological endpoints, produced comparatively greater ratings of abuse 

potential and 2) the poor oral bioavailability of oxymorphone (~ 10%) relative to oxycodone 

(approx. 60%), routes of administration with greater bioavailability (intranasal, IV) may 

pose even greater potential for misuse.

Outside of controlled laboratory studies, there is historical and epidemiological evidence 

suggesting that oxymorphone has high abuse potential, particularly when used intravenously. 

Oxymorphone products were introduced into the U.S. market in 1959 (Numorphan®); 

however, the manufacturer (Endo Pharmaceuticals) voluntarily removed the oral products 

from the market in 1979, citing commercial reasons. However, reports at the time indicated 

that oxymorphone was being misused, particularly via injection, with some users indicating 

that they preferred it over heroin (Watkins and Chambers, 1972). The same manufacturer 

reintroduced oral formulations to the market in 2006 under a new trade name (Opana®, 

Opana ER®). After these products (including re-formulated product introduced in 2012) 

were on the U.S. market for several years, reports began to emerge detailing oxymorphone 

misuse. Users were manipulating the extended-release mechanism in the oral products to 

gain access to the full dose for intranasal or IV misuse (FDA, 2017; Broz et al., 2018). 

Surveillance data also suggested that oxymorphone was being injected at inordinately high 

frequency, relative to the low number of prescriptions written (Butler et al., 2013; Cassidy 

et al., 2014; Cicero et al., 2016; FDA, 2017). This intravenous misuse produced significant 

public health problems. For example, in 2015, there was an HIV outbreak (n=181) in rural 

Indiana associated with sharing needles to inject ER oxymorphone – 88% of the infected 

in individuals (n=159) reported injecting ER oxymorphone and 92% also tested positive 

for HCV (Peters et al., 2016). Injection misuse of ER oxymorphone has also caused acute 

kidney injury (Ambruzs et al., 2014; Bonnecaze et al., 2018) and blood vessel and blood 

clotting disorders (i.e., thrombotic microangiopathy; thrombotic-thrombocytopenic purpura

like syndrome; hemolytic uremic syndrome) (Rane et al., 2014; Ban et al., 2017; Thakur et 

al., 2017) due to excipients (i.e., chemical stabilizers, binders embedded in pills) and not 

oxymorphone itself (Hunt et al., 2017). These mounting health concerns led the FDA to 

convene two independent advisory committees in March 2017 to hear the evidence related to 
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the public health harms of oxymorphone misuse (FDA, 2017). In June 2017, the FDA asked 

Endo to remove the product from the market primarily due to injection-related harms and 

the sponsor ultimately complied. Although Opana ER® is no longer marketed in the U.S., 

generic formulations of ER and immediate-release oxymorphone products are still available.

Despite this long history of oxymorphone misuse, it is unclear whether its IV misuse 

is primarily due to non-pharmacological reasons (e.g., greater availability in certain 

geographic regions, price) or one or more pharmacological factors (e.g., potency, high 

degree of intrinsic activity). Thus, the primary aim of this dose-finding, double-blind, 

placebo-controlled two-site pilot study was to 1) determine doses of IV oxymorphone that 

would produce ratings of drug liking that were comparable to dose ranges of other full 

μ opioid agonists (oxycodone, morphine, hydromorphone), 2) compare IV oxymorphone, 

oxycodone, morphine, and hydromorphone on other subjective effects related to abuse 

potential (e.g., good drug effects, high), as well as physiological and observer-rated effects, 

and 3) calculate the relative potency of IV oxymorphone on outcomes related to abuse 

potential and physiological/safety outcomes. This study also served as a pilot study to 

identify doses of oxymorphone and the comparator opioids that produced equieffective 

effects (e.g., peak effects on drug liking) for a subsequent randomized study of abuse 

liability and self-administration.

METHODS

Participants

Participants were adults ages 18–55 (Kentucky site) or 21–55 (New York site) who were 

physically dependent on opioids and met DSM-5 criteria for moderate-to-severe opioid use 

disorder. All participants completed in-person screening evaluations that included substance 

use and psychiatric assessments, medical history and physical exam, blood chemistry, 

urinalysis, and ECG. Additional inclusion criteria included: BMI of 18–35 kg/m2 and a body 

weight between 110 and 220 lbs (due to weight-based dosing), recent (e.g., past month) 

IV opioid use, minimum of 21 days of opioid use in the 30 days prior to enrollment, 

physical dependence for a minimum of 1 month prior to enrollment, observed urine 

samples testing positive for opioids (or if testing negative, presenting with opioid withdrawal 

symptoms) and/or exhibiting opioid withdrawal signs after naloxone administration (0.2 

– 3 mg, intramuscular), and medical clearance by study physician (based on medical 

history, physical exam, labs, ECG). Exclusion criteria included other current physiological 

drug dependence requiring medical intervention (e.g., benzodiazepines, alcohol), clinically 

significant lab or ECG results, significant medical (e.g., seizure disorder) or psychiatric 

conditions requiring medication or that would interfere with data collection (e.g., bipolar 

disorder, suicidality), current prescription medications (aside from oral contraceptives), 

seeking treatment for opioid use disorder, currently in treatment and taking medications for 

opioid use disorder (e.g., buprenorphine, methadone), physical dependence on long-acting 

opioids, oxygen saturation of < 92% at screening, QTc interval > 450 ms at screening 

(or personal or family history of prolonged QT interval), and current pregnancy or lactation/

breastfeeding.
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All participants provided sober, written informed consent during screening and were 

compensated for their participation. The study was approved by the Institutional Review 

Boards at the University of Kentucky and New York State Psychiatric Institute and was 

conducted in accordance with the Helsinki guidelines for ethical research. A Certificate 

of Confidentiality was also obtained from the FDA. This study was conducted under an 

investigator-initiated Investigational New Drug Application (FDA IND 137,611).

Drug Doses

Participants were stabilized on morphine (30 mg, p.o.), administered four times per day: 7 

am, 1 pm, 6 pm, 10 pm. On experimental session days, two doses were omitted (1 and 6 pm) 

for safety purposes; however, on occasion, the 6 pm dose was administered at investigator 

discretion (e.g., complaints of opioid withdrawal). During each experimental session, one 

IV dose was administered at 11 am. The IV drug doses (mg/70 kg) included in the data 

analysis: oxymorphone 1.8, 3.2, 5.6, 10, 18, and 32 mg; oxycodone: 18, 32, and 56 mg; 

morphine: 18 and 32 mg; hydromorphone: 1.8, 3.2, 5.6, 10, and 18 mg; and placebo (saline 

vehicle). Qualification session doses were IV morphine 56 mg/70 kg and placebo. All six 

participants included in the data analysis completed the qualification sessions and received 

all 17 experimental doses, with one exception – one participant did not receive the 18 mg/70 

kg dose (n=5 in this condition, n=6 in all others).

Morphine (56 mg/70 kg) and oxymorphone (56 mg/70 kg) were initially included as 

test conditions but were not administered to all participants due to adverse events (AEs) 

– these doses are not included in the current data analysis. Oxymorphone (56 mg/70 

kg) produced profound sedation (n=2) and was withheld for all subsequent participants. 

Morphine produced an overall unpleasant experience for some participants; AEs included: 

headache (n=5), tachycardia (n=3), pruritus (n=3), diaphoresis (n=3), hypotension (n=2), 

depressed respiration rate (n=2), flushing/feeling hot (n=2), numbness/tingling (n=2), chest 

pain/tightness (n=2), rapid respiration rate (n=1), sedation (n=1), hypertension (n=1). These 

AEs occurred most frequently during the qualification sessions, but also when 56 mg/70 

kg (n=4) and 32 mg/70 kg (n=2) were administered during test sessions. The morphine 32 

mg/70 kg was administered to all participants (and is included in the data analysis), but 

morphine 56 mg/70 kg was not administered to all participants and is not included in the 

current analysis.

Drugs

Commercially available liquid morphine (Mallinckrodt Pharmaceuticals, Bedminster 

Township, NJ [New York site]; SPECGX LLC, St. Louis, MO [Kentucky site]) was used 

for the oral maintenance doses. Commercially available parenteral morphine (West-Ward 

Pharmaceuticals, Columbus, OH) and hydromorphone (Akorn Pharmaceuticals, Lake Forest, 

IL) were used for the IV doses. IV preparations of oxycodone and oxymorphone were 

not commercially available and were created by a compounding pharmacy using powder

based oxymorphone and oxycodone (both obtained from Mallinckrodt Pharmaceuticals) and 

bacteriostatic sodium chloride saline (0.9%; Hospira, Lake Forest, IL); salt weight (HCl) 

was used for drug weight calculations. All IV drug preparation was completed under sterile 

conditions. Saline was used for placebo, for dilution for weight-based dosing and to create 
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uniform volumes. Each IV dose was 20 mL in volume, administered across 30 sec and was 

injected into either an indwelling peripheral catheter or peripherally inserted central catheter 

(PICC).

Dose Selection Rationale

The IV doses of oxycodone, morphine and hydromorphone as well as the oral doses of 

morphine were selected based on two previous studies that maintained participants on 

morphine (30 mg QID, p.o.) (Comer et al. 2008; Walsh et al. 2017) and administered 18 

mg of intramuscular hydromorphone (Walsh et al., 2017) and 50 mg/70 kg of IV oxycodone 

and morphine (Comer et al. 2008) – all parenteral doses produced drug liking and were 

well tolerated. There are limited controlled data on the effects of parenteral administration of 

oxymorphone. In a previous oral dosing study, equal doses of oxycodone and oxymorphone 

produced comparable outcomes on drug liking (Babalonis et al., 2014). Thus, we included 

equal doses of oxymorphone and oxycodone and a range of oxycodone doses that produced 

strong drug liking. Lower doses of oxymorphone were also included to capture a full dose 

response and to encompass the reported 1:10 oxymorphone: morphine IV potency ratio 

(Endo Pharmaceuticals, 2006).

Study Design

This two-site study utilized a within-subject, double-blind, placebo-controlled crossover 

design. Doses were administered in a quasi-randomized order for safety – all active doses of 

a given opioid were administered in ascending order, but active and placebo drug schedules 

were otherwise randomized. All participants completed two qualification sessions (3.5 hr), 

followed by 17 experimental sessions (7 hr) up to 5 days per week over the course of an 

approximately 5-week inpatient stay.

General Methods

After medical clearance, participants were admitted to the inpatient unit and began morphine 

maintenance. Before each session, observed urine samples were collected and tested 

for drugs of abuse (Discover™ Drug Test Card; American Screening LLC, Shreveport, 

LA; Magenta Dip, All Test North American, Gilbert, AZ) and for pregnancy in female 

participants (hCG Test Card, Teco Diagnostics, Anaheim, CA; hCG Test Cassette, Henry 

Schein, Melville, NY); breath samples were also obtained and tested for the presence 

of alcohol (AlcoMate Premium AL7000, Advance Safety Devices LLC, Chatswort, CA; 

Alco-Sensor III, Intoximeters Inc., St. Louis, MO). Participants were provided with a 

light, standardized caffeine-free breakfast to be completed 4 h before drug administration; 

participants were not permitted to smoke for 1 h prior to IV drug administration and were 

permitted to resume after session completion. Data were collected before and for 6 h after 

the test dose, and participants were not permitted to leave the session area until their vital 

signs met safety criteria (e.g., oxygen saturation >95% with minimal sedation).

Qualification Sessions

After participants were stabilized on morphine (e.g., Clinical Opioid Withdrawal Scale 

(Wesson and Ling, 2003) score ≲ 5), which generally occurred approximately 5 days after 
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admission, sessions were initiated. Two qualification sessions (3.5 h long) were conducted 

during which participants received IV morphine (56 mg/70kg) or placebo, with order 

of presentation randomized across participants. Qualification criteria included: 1) safely 

tolerating the morphine dose (respiration rate, blood pressure within safety criteria), 2) 

reporting liking for morphine (i.e., peak visual analog scale [VAS] score of ≥ 60 on a bipolar 

scale (i.e., 0=strong disliking, 50= neutral, 100= strong liking), and 3) little to no drug 

liking for placebo (i.e., peak VAS response of ≥ 40, but <60). Participants who did not meet 

qualification criteria were discharged.

Experimental Sessions

There were 17 test sessions (16 active dose conditions, placebo), and each session was 7 h in 

duration (30 mins baseline and 6 h post-dose monitoring).

Physiological Measures

Heart rate, blood pressure, oxygen saturation (Dinamap Non-Invasive Patient Monitor, GE 

Medical Systems, Tampa, FL; Criticare Poet Plus 8100, Criticare Technologies, Warwick 

RI), expired end-tidal carbon dioxide (EtCO2), respiration rate (N-85 Capnograph, Nellcor, 

Boulder, CO; Criticare Poet Plus 8100) and pupil diameter (PLR-200 and VIP-300 models, 

NeurOptics, Irvine, CA) were collected before and immediately after IV drug administration 

every 5 min for the first 15 mins and in 15 min intervals thereafter. Anesthesiologists were 

present or readily available for all sessions for safety purposes.

Subject- and Observer-Rated Drug Effects

Subjective effects measures included a 7-item VAS (adapted from Walsh et al., 2008). The 

item, “Do you like the drug effect you are feeling now?” (described above) was presented 

on a bipolar scale; the remaining 6 questions were presented on a unipolar VAS scale (0= 

not at all; 100 = extremely): “Do you feel any drug effects?”, “Do you feel high?”, “Do you 

feel good drug effects?”, “Do you feel bad drug effects?” and “Do you want to take the drug 

again?” and “Do you have any desire to use opioids?” The VAS items were administered 

at baseline, every min for the first 10 min post-dose, 15, 30 min and in 30 min intervals 

thereafter. Street value ($US) and the Opioid Symptom Scale [OSS – an assessment of 

opioid side effects]) were collected at baseline, 15 and 30 min post-dose and every 30 min 

thereafter. At the end of each session, participants were asked to identify the drug they 

received from a list of opioid agonists (e.g., heroin, hydromorphone) and placebo (adapted 

from Jasinski et al., 1977). Observers rated 12-item opioid agonist scale (Observer Rated 

Opioid Agonist Effects) from 0 (not present) to 4 (frequent) (Fraser et. al., 1961).

Statistical Analyses

All measures were initially analyzed as raw time course data using a two factor repeated 

measures model (drug condition, time) with an autoregressive covariance structure. Peak/

trough scores were calculated for individual participants within each dose condition and 

analyzed in a one-factor model (drug condition) with a compound symmetry covariance 

structure. These multi-level analyses were run with Proc Mixed in SAS 9.3 (SAS Institute, 

Inc; Cary, NC, USA), which is suited for data with repeated measures, correlations among 
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observations within an individual subject and missing data. The response of individual 

subjects is first modeled, and then the estimates for each individual are combined in a 

group analysis (Singer, 1998; Ballinger 2004; Diggle et al. 1996; Gibbons et al. 1993; Kreft 

and De Leeuw 1998). Tukey’s post-hoc tests compared active doses to placebo. Results 

were considered significant when p ≤ 0.05 and means (standard errors) are reported unless 

otherwise indicated.

For primary outcome measures for which significant peak effects were observed (relative 

to placebo), the Finney parallel lines bioassay (Finney, 1964) was employed to assess 

oxymorphone relative potency. This assay utilizes a six-point method (3 active doses 

of each drug) and valid analyses are obtained if the dose response curves are linear, 

parallel, overlapping and have slopes that are significantly different from zero. Two potency 

comparisons were conducted: 1) oxymorphone and hydromorphone (3.2, 5.6, 10 mg); and 

2) oxymorphone (1.8, 3.2, 5.6 mg) and oxycodone (18, 32, 56 mg). Morphine was excluded 

due to an insufficient number of test doses.

RESULTS

Participants

A total of 17 participants were enrolled in the study. A total of 10 participants did not 

complete the study and these individuals are not included in the data analysis (2 did not 

meet qualification criteria, 5 chose to discharge, 3 were discharged by the investigators 

[e.g., behavioral concerns]). A total of seven participants completed the study; however, one 

participant provided unintelligible data (not time- or dose-related) and their data could not 

be used.

Six participants were included in the data analysis: one woman and five men; one African 

American and five Caucasian participants. Their mean age was 33 (± 3.4) years, BMI = 22 

(± 1.5) kg/m2; five participants were daily tobacco smokers (9.7 [±2.7] cigarettes per day) 

and one was a non-smoker. Participants reported using IV heroin and/or fentanyl: 29 (± 

0.5) days in the 30 days prior to enrollment. Other past 30-day drug use included: alcohol 

(n=2), cocaine (n=4), benzodiazepine (n=1), methamphetamine (n=1), prescription opioid 

use (n=3).

Physiological Outcomes

Figure 1A displays trough pupil diameter as a function of dose, with all drugs producing 

dose-dependent decreases in pupil diameter (F [16,79]= 10.9, p<0.05). Oxymorphone 

(5.6, 10, 18, 32 mg/70 kg), hydromorphone (5.6, 10, 18) and oxycodone (32, 56 mg/70 

kg) produced significant miosis (p<0.05) compared to placebo, while morphine did not 

(p>0.05). Similarly, peak end-tidal carbon dioxide (EtCO2) concentrations (Figure 1B) were 

significantly increased (F [16,79]= 9.7, p<0.05), with post-hoc analysis revealing differences 

from placebo for oxymorphone (18, 32 mg/70 kg) and hydromorphone (18 mg/70 kg) 

(p<0.05), but not morphine or oxycodone (p>0.05).

Time course analysis detected a main effect of dose on heart rate, diastolic blood pressure, 

oxygen saturation, and manual respiratory rate (F [16, 79] = 2.0 −13.3, p<0.05). A main 
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effect of dose was also detected on trough oxygen saturation (F [16,79]= 3.9, p<0.05), with 

post-hoc testing indicating a significant effect of 18 mg oxymorphone (p<0.05). A main 

effect of dose on peak heart rate (F [16,79]= 2.1, p<0.05) however, post-hoc testing did not 

detect any significant drug versus placebo differences (p>0.05).

Subjective Effects

Figure 2 displays mean time course data for the VAS item, “Do feel any drug effects?” for 

the four test drugs (separate panels). All active IV doses produced increased ratings on this 

measure with maximal drug effects emerging almost immediately after infusion. However, 

the magnitude and duration of effects varied as a function of drug and dose. Oxymorphone 

doses ≥ 5.6 mg/70 kg (Panel A) and the high dose of hydromorphone (18 mg/70 kg; Panel 

B) produced effects of greatest magnitude; however, oxymorphone doses ≥ 5.6 mg/70 kg 

were not uniformly dose-related (but were on peak ratings, as displayed in Fig 3). All 

doses of oxycodone (Panel C) and low doses of oxymorphone and hydromorphone produced 

effects lasting approx. 3–4 h, while oxymorphone ≥ 10 mg/70 kg and the highest dose of 

hydromorphone (18 mg) were detected up to 6 h post-dose. Morphine (Panel D) displayed 

the shortest time course, with little to no effects detected 2 h post-dose.

Figure 3A displays the peak effects on the VAS scale item, “Do you like the drug effect 

you are feeling right now?” (main effect of dose: F [16,79]= 5.6, p<0.05). All doses of 

oxymorphone, hydromorphone and oxycodone produced significant, dose-related effects 

relative to placebo (p<0.05), while morphine did not (p>0.05). In general, the 5.6 mg/70 kg 

dose of oxymorphone produced ratings of drug liking that were greater than all comparator 

doses. Figure 3B displays peak VAS ratings of “Do you feel high?” (main effect of dose: 

(F [16,79]= 5.5, p<0.05). All doses of oxymorphone produced significant effects relative to 

placebo (p<0.05), as did the two highest doses of hydromorphone (10, 18 mg/70 kg), and 

all doses of oxycodone (18, 32, 56 mg/70). Morphine did not produce any significant effects 

(p>0.05). A similar profile of effects was observed on other VAS outcomes including ratings 

of good drug effects and willingness to take the drug again (F [16,79]= 4.8 – 6.4, p<0.05). 

No significant effects of dose were detected on VAS ratings of bad drug effects or desire to 

use opioids (F [16,79]= 1.1 – 1.5, p>0.05).

Oxymorphone produced greater effects than the comparator drugs on ratings of street value, 

as displayed in Figure 3C (main effect of dose: F [16,79]= 4.2, p<0.05). The four highest 

doses of oxymorphone (5.6, 10, 18, 32 mg/70 kg) produced significant peak street value 

ratings (p<0.05) in the range of $15.00 (± 6.60) to $18.30 (± 4.60), while the high dose of 

hydromorphone (18 mg/70 kg) produced ratings of $16.00 (± 4.00) (p<0.05). None of the 

other drug conditions produced effects significantly different from placebo (p>0.05).

On the Opioid Symptoms Scale, a main effect of dose was detected on the total score (F 
[16, 79] = 5.0, p<0.05), with post-hoc testing indicating that only oxymorphone (5.6 – 32 

mg/70 kg) produced effects significantly different from placebo (p<0.05). Oxymorphone 

also increased ratings of individual items (itchiness, dry mouth, drowsy, difficult to pass 

urine, confused, nausea); ratings of itchiness were also increased by oxycodone (56 mg/70 

kg) (p<0.05).
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Observer Ratings

A main effect of dose was detected for the total score of observer-rated opioid agonist 

effects (F [16,79] = 9.6, p<0.05) and on ten of the individual items (skin itchy, friendly, 

nodding, relaxed, coasting/spaced out, talkative, heavy/sluggish, sleepy, drunken, good 

mood) (p<0.05). Oxymorphone (5.6 – 32 mg) increased ratings across 9 items (as listed 

above, with the exception of sleepy), while the other opioids were less consistent (i.e., 

hydromorphone increased ratings on 5 items, oxycodone on 3 items, morphine increasing 

none).

Drug Identification

Participants were highly accurate identifying active drug vs. placebo. Placebo was reliably 

identified and there were only a few instances (5 occasions across all participants and dosing 

conditions) in which active drug was identified as placebo. However, participants were 

generally unable to identify the specific opioid administered with responses distributed in a 

random pattern.

Potency Estimates

Potency analyses were conducted on a subset of two physiologic outcomes (pupil 

diameter and EtCO2 concentrations); however, only one comparison met validity criteria 

– oxymorphone produced effects on EtCO2 concentrations that were slightly (1.2-fold) more 

potent than hydromorphone (0.82 mg oxymorphone: 1 mg hydromorphone) (p<0.05; Table 

1).

Potency comparisons were conducted on a total of four subjective effect measures (drug 

liking, drug effect, high, street value). When oxymorphone and hydromorphone were 

compared, oxymorphone was 2.3 – 2.8-fold more potent across the four measures (i.e., 0.36 

– 0.43 mg oxymorphone produced equivalent effects to 1 mg hydromorphone) (p<0.05). 

When oxymorphone and oxycodone were compared, one outcome (ratings of high) did not 

meet the validity criteria, but for the other three outcomes, oxymorphone was 12.5 –14-fold 

more potent than oxycodone (0.07 – 0.08 mg oxymorphone: 1 mg oxycodone) (p<0.05; 

Table 1).

DISCUSSION

This within-subject, double-blind, placebo-controlled, dose-finding pilot study examined the 

subjective, physiological and observer-related effects and potency of a wide range of doses 

of IV oxymorphone compared to hydromorphone, morphine and oxycodone in participants 

with moderate-to-severe opioid use disorder. Oxymorphone, hydromorphone and oxycodone 

produced prototypical dose-related opioid effects on pupil diameter and increased ratings 

of abuse-related drug effects, while morphine produced weaker effects across all measures. 

Overall, oxymorphone was more potent than the comparator drugs (i.e., oxymorphone > 

hydromorphone > oxycodone > morphine) and produced overall greater magnitude of effects 

on all outcomes tested. These findings are novel as this is the first study to examine the 

subjective, physiological and overall relative potency of intravenous oxymorphone.
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Oxymorphone produced the greatest degree of miosis, a measure that has historically been 

used as a physiological index of intrinsic μ-opioid activity (Fraser et al., 1954; Martin, 

1983). For example, a moderate dose of oxymorphone (10 mg) produced trough miotic 

effects that were largely greater than or equal to the effects produced by the highest 

doses of all the other drugs (10 mg oxymorphone: 1.99 [±0.13] cm; highest doses of the 

comparator drugs ranged from 1.99 [±0.17] to 2.85 [±0.22] cm). Oxymorphone (18, 32 

mg) also significantly increased peak EtCO2 concentrations, similar to the high dose of 

hydromorphone (18 mg) and oxymorphone was 1.2-fold more potent than hydromorphone 

on this outcome. For example, at a dose (18 mg) tested across all of the opioids, respiratory 

depression was the greatest with oxymorphone (47.8 ± 1.4), followed by hydromorphone 

(47.2 ± 0.8), oxycodone (41.7 ± 1.7) and morphine (40.7 ± 2.1) (placebo: 39.7). However, 

neither oxycodone nor morphine produced significant effects on peak EtCO2 (p>0.05); 

although this appears antithetical given the supratherapeutic doses tested, this participant 

sample was quite opioid-tolerant (i.e., physically dependent on opioids, maintained on 

opioids during the study). The physiological effects of IV oxymorphone have not previously 

been thoroughly examined – most studies have reported on its effects when combined with 

other drugs in anesthesia preparations (e.g., Appleton, 1960). However, in one previous 

study, the respiratory depressant effect of IV oxymorphone (1 mg/70 kg) was examined 

in a healthy, non-drug using sample – oxymorphone produced prototypical opioid-induced 

respiratory depression: baseline = 24.9 [±11.9] l/min; peak effect post-dose = 14.1 [±4.9] 

l/min (Johnstone et al., 1975). Overall, at equal doses (e.g., 18 mg) oxymorphone and 

hydromorphone produced robust respiratory depression, while oxycodone and morphine 

produced placebo-like effects. Thus, oxymorphone may pose more a greater risk of 

respiratory depression, relative to equal doses of other prescription opioids, due to its high 

potency.

On measures of abuse potential (e.g., high, drug liking, street value), oxymorphone was 

highly potent, such that a moderate dose of oxymorphone (5.6 mg/70 kg) produced peak 

effects that were greater than or equal to all other comparator doses. In some instances, 

the lowest dose of oxymorphone tested (1.8 mg/70 kg) produced peak effects that were 

greater than or equal to even the highest doses of oxycodone and morphine (e.g., VAS 

ratings of high; Fig. 3B). Oxymorphone also produced a somewhat longer duration of effects 

(Fig. 2) compared to the other opioids. For example, 10 – 32 mg/70 kg oxymorphone 

produced subjective effects that were detected up to 6 h post-dose. This duration was 

comparable to 18 mg hydromorphone, but longer than the effects produced by the high doses 

of morphine and oxycodone which returned to baseline at 3 and 4 h post-dose, respectively. 

Similar time course effects of oxymorphone have been reported when intramuscular and 

subcutaneous doses have been administered for pain relief (Eddy and Lee, 1959; Beaver 

and Feise, 1977; Beaver et al., 1977). Oxymorphone also produced increases in estimates 

of street value, with 5.6 – 32 mg/70 kg oxymorphone producing ratings (range: $15.00 

- $18.30) that were comparable to 18 mg hydromorphone ($16.00). The street value of 

oxymorphone has been reported in at least three studies: $0.73 - $2.90 per mg (in contrast 

to oxycodone: $0.12 to $1.07 per mg) in a crowdsourced study (Lebin et al., 2019); $1.57 

- $1.64 per mg in a black market surveillance study (Dasgupta et al., 2013); and $3 to $4 

per mg in a study interviewing participants in Austin, Indiana (the site of the HIV outbreak 
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associated with injection oxymorphone use) who reported that one 40 mg oxymorphone 

pill was valued between $120 - $160 (Broz et al., 2018). These participants also reported 

sharing a full 40 mg pill amongst 7 people or sharing one-quarter of pill (i.e., 10 mg) 

amongst 2–3 people (equivalent to 3.3 – 5.7 mg of IV oxymorphone per person), which 

aligns with the dose range that produced significant ratings of high and drug liking in the 

current study. Similarly, one previous controlled study that examined the abuse potential 

of parenteral oxymorphone reported that in non-tolerant former opioid users (n=5), 1.5 – 

2 mg subcutaneous oxymorphone produced “intense morphine-like effects” and the authors 

concluded that oxymorphone had high addiction liability (Fraser and Isbell, 1955). Taken 

together, these data suggest that oxymorphone displays a high degree of abuse potential at 

relatively low doses and is much more potent than the comparator opioids: 2.3 to 2.8-fold 

more potent than hydromorphone and 12.5 to 14-fold greater than oxycodone (p<0.05).

The current data, which indicate that oxymorphone displays greater potency and greater 

abuse potential, align with the epidemiological reports on IV oxymorphone misuse. 

Surveillance data indicate that even though oxymorphone is not widely prescribed (the 

extended-release product accounted for 5% of extended-release/long-acting opioid sales in 

2015 [IMS Health, 2015, as cited by FDA, 2017]), the frequency of oxymorphone injection 

is disproportionately high compared to other prescription opioids (Butler et al., 2013; Cicero 

et al., 2016; FDA, 2017), with one estimate indicating injection prevalence up to 7 times 

higher than other prescription opioids (NAVIPPRO® Report, as cited by FDA, 2017). This 

disproportionately high prevalence of injection has caused serious health complications, 

including HIV transmission (Peters et al., 2016), kidney injury (Ambruzs et al., 2014; 

Bonnecaze et al., 2018) and serious blood vessel and blood clotting disorders (Rane et 

al., 2014; Ban et al., 2017; Thakur et al., 2017) and have also been implicated in fatal 

overdose (FDA, 2017; also see Garside et al., 2009; Crum et al., 2013). Several factors are 

hypothesized to have contributed to this increase in injection, including: 1) the low oral 

bioavailability of oxymorphone, which may increase misuse via other routes with greater 

bioavailability, similar to other licit (e.g. methylphenidate [Volkow and Swanson, 2003]) 

and illicit (e.g., heroin [Girardin et al., 2003]) drugs of abuse, 2) easy manipulation of the 

extended-release product so that high quantities of the drug could be accessed for injection 

(FDA, 2017; Broz et al., 2018), 3) the pharmacological action of oxymorphone, including 

a high degree of specificity, binding affinity and intrinsic activity at the μ opioid receptor 

(Carliss et al., 2009; Volpe et al., 2011; Olson et al., 2019), 4) its rapid transport across the 

blood-brain barrier (Sadiq et al., 2013), and 5) its high relative potency, particularly as it 

relates to its abuse profile – as demonstrated in the current study.

Although the current data provide rather clear evidence of the relative high abuse potential 

of IV oxymorphone, there were several study limitations. First, the sample size was small 

(n=6), as this study was powered as a dose-finding pilot study to identify doses for a 

subsequent and more thorough evaluation of abuse potential. In addition, the dose order 

was not fully randomized for safety reasons and constrained so that lower doses preceded 

higher doses. Further, the morphine qualification dose (56 mg/70 kg) produced adverse 

effects in several participants. A similar dose (50 mg/70 kg) was well-tolerated and produced 

drug liking responses in a previous study (Comer et al., 2008) and it is unclear why the 

current dose produced adverse effects; however, this dose was not ideal for qualification 
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or test session doses in this participant sample. Nonetheless, the findings are orderly, dose

dependent, and robust and produced statistically significant effects across the broad array of 

outcomes.

Taken together, these data indicate that IV oxymorphone is highly potent, particularly on 

outcomes related to abuse potential. When administered intravenously, oxymorphone has 

abuse potential that far exceeded the comparator opioids and produced significant abuse

related effects at comparatively low doses (1.8 – 5.6 mg/70 kg). Along with epidemiological 

and medical reports that have detailed health-related harms associated with injected 

oxymorphone, these data suggest that IV oxymorphone use may pose a disproportionately 

high degree of risk and public health harm relative to other full-agonist IV prescription 

opioids.
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Figure 1. 
Panel A displays trough pupil diameter and Panel B displays peak end-tidal carbon dioxide 

concentrations (EtCO2) as a function of opioid agonist drug (line functions on graphs) and 

dose (x-axis, doses expressed as mg/70 kg, IV) (n=6, error bars ± 1 SEM). Filled symbols 

indicate a significant difference from the placebo condition (Tukey post-hoc, p<0.05). A 

time course analysis detected a significant effect of dose x time interaction for pupil 

diameter (F (432, 2105) = 1.3, p<0.05) and a main effect of dose for EtCO2 (F (16, 79) 

= 9.0, p<0.05).
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Figure 2. 
Mean ratings (n=6) for the VAS item, “Do you feel a drug effect?”, as a function of time 

(x-axis) from baseline (BL) through 6 h post-dose, across a dose range of oxymorphone 

(panel A), hydromorphone (panel B), oxycodone (panel C) and morphine (panel D) (doses 

expressed as mg/70 kg, IV). Error bars were omitted for clarity. Time course analysis 

indicated significant dose x time interaction on this measure (F [16,79] = 3.4, p <0.05). Note 

that filled symbols do not denote statistical significance – grey shading was used to create 

unique symbols for the highest dose conditions.
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Figure 3. 
Peak ratings the VAS item “Do you like the drug effect you are feeling right now?” (Panel 

A) and VAS item “Do you feel high?” (Panel B), and Street Value estimates (Panel C). 

Values are displayed as a function of opioid agonist drug (line functions on graphs) and dose 

(x-axis, doses expressed as mg/70 kg, IV) (n=6; error bars ± 1 SEM). The filled symbols 

indicate a significant difference from the placebo condition (Tukey post-hoc, p<0.05). Time 

course analysis indicated significant main effect of dose for drug liking (F [16,79] = 3.1, p 
<0.05), a dose x time interaction for ratings of high (F [368, 1769] = 1.5, p <0.05) and a 

main effect of dose for street value (F [16,79] = 3.2, p <0.05).
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