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Prescription opioid misuse and unintentional overdose deaths involving these analgesics are
increasing public health concerns among all ages in the United States.1* According to the
US Centers for Disease Control and Prevention, prescription opioid-related overdose deaths
have become the leading cause of injury deaths, outpacing motor-vehicle crashes in 6 US
states and Washington, DC, in 2006.% The increases in illicit prescription opioid use and
related deaths are associated with a marked increase in number of opioid prescriptions
written.6.7

OxyContin (Purdue Pharma) is an extended-release oxycodone formulation approved by the
US Food and Drug Administration (FDA) for treatment of moderate to severe pain. It is a
Schedule 11 controlled substance in the United States with a significant history of aggressive
commercial marketing as well as abuse and diversion.8- Pharmacokinetic studies of orally
administered OxyContin report a mean terminal half-life (t;2) of approximately 4.5 to 6.5
hours, mean time to maximum concentration (Tax) Of 2.5 to 5 hours, and oral
bioavailability equivalent to immediate-release oxycodone (mean 60%, standard deviation
[SD] 20%).19-12 Oxycodone is metabolized by N-demethylation via cytochrome P450 3A4
to noroxycodone, its primary metabolite. It is unlikely that noroxycodone contributes to the
pharmacodynamic response in humans, because it has 4-fold lower affinity for the receptor
than oxycodone and low p-opioid receptor activation in GTPyS binding studies.!3 However,
oxycodone also is metabolized by O-demethylation via cytochrome P450 2D6 to
oxymorphone,13 a p-opioid agonist with analgesic potency approximately 10 times that of
parenteral morphine.14

Immediate-release oxycodone products are prescribed approximately 5 times more
frequently than extended-release oxycodone products; however, emergency department
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visits report the nonmedical use of extended-release oxycodone products approximately 4
times more often than immediate-release oxycodone products.1> OxyContin tablets can be
easily crushed and snorted or injected to bypass the sustained-release feature, which likely
contributes to its abuse liability. In 2008, 15% of publically funded substance abuse
treatment admissions with prescription opioid abuse (eg, abuse defined as substance causing
problems leading to the admission) reported snorting prescription opioids.18 However, there
are no intranasal (IN) pharmacokinetic data demonstrating that OxyContin tablets have
immediate-release characteristics when crushed, and the IN bioavailability of OxyContin is
unknown despite its common misuse by this route. Thus, this study evaluated the
pharmacokinetics of oxycodone and its key metabolites when administered as IN crushed
OxyContin tablets compared with intravenous (IV) immediate-release oxycodone solution.

MATERIALS AND METHODS

Participants

Eight healthy adult volunteers (4 male, 4 female) with current recreational use (eg, use to get
“high,” not for pain relief) of prescription opioids (confirmed by self-report and positive
opioid urine drug test) and experience snorting opioids completed this inpatient study.
Participants were 19 to 36 years old (mean = 26.3) and weighed 60.5 to 90.9 kg (mean =
71.8 kg). Self-reported race was 7 Caucasian and 1 Asian/Caucasian. Participants reported
mean (SD) number of days within the last 30 days using the following: prescription opioids:
12.4 (5.5); cocaine, 6.8 (8.9); benzodiazepines, 2.8 (3.5); and alcohol 6.7, (7.7). VVolunteers
were determined to be in good health by history and physical examination, laboratory
testing, and electrocardiography. Volunteers were excluded if they were pregnant or
breastfeeding, seeking treatment for their substance use, taking daily prescribed medications,
or physically dependent (ie, withdrawal) on opioids, alcohol, or sedatives/hypnotics. To
ensure lack of physical dependence on opioids, volunteers were required to have a negative
opioid urine specimen and simultaneously not display signs and symptoms of withdrawal.
Volunteers with current medical or psychiatric illnesses (eg, diabetes, bipolar disorder) and
abnormal nasal exams (eg, infections, erosions, malformations) were excluded. Participants
gave written informed consent prior to participation. The University of Kentucky (UK)
Institutional Review Board approved this study. Subjects were paid for participation.

Study Setting

Subjects resided on an inpatient research unit at UK Chandler Medical Center for
approximately 2%, weeks. Each study day, urine samples were tested for cocaine,
amphetamine, methamphetamine, THC, methadone, opiates, phencyclidine, barbiturates,
benzodiazepines, tricyclic antidepressants, and oxycodone to confirm the absence of
unauthorized drugs. All results indicated abstinence from illicit drug use during study
participation. Females had urine pregnancy tests weekly; all results were negative. Females
did not take oral contraceptives. Subjects received a caffeine-free diet. No smoking was
allowed 1 hour before or during study sessions. Acetaminophen, alumina/magnesia/
simethicone, and ibuprofen were available to subjects as needed but were not given after
midnight preceding study session days or during the 24-hour blood-sampling period.
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Study Design and Procedure

Drugs

This study used a within-subject, double-blind design nested within a larger gender
comparison study evaluating the effects of pain on opioid abuse liability. This
pharmacokinetic study evaluated blood samples from the no-pain control condition. Two IN
drug conditions (crushed OxyContin 15 mg and 30 mg/70 kg) and one IV condition
(oxycodone 5 mg/70 kg) were tested. Drug conditions were randomized; however, for
safety, the lower IN dose always preceded the higher dose.

Intranasal 15 mg/70 kg doses were prepared using 40-mg OxyContin tablets (Cardinal
Health, Knoxville, Tennessee), and IN 30 mg/70 kg doses were prepared using OxyContin
80-mg tablets (Cardinal Health). The 40-mg and 80-mg tablets weigh approximately the
same (ie, 133 mg), ensuring the same tablet/dose ratio (subject weight/volume snorted ratio)
for each active drug condition. Tablets were rubbed with a 4 x 4 gauze pad wetted with
normal saline to remove the outer coating and crushed prior to weighing. All IN doses were
packaged in a 1-g glass vial (Health Care Logistics, Circleville, Ohio). Subjects poured the
dose out onto a clean mirror, separated the dose into 2 similar-sized lines using a clean razor
blade, and insufflated 1 line in each nostril through a clear 65-mm straw within 1 minute.
For the IV condition, oxycodone powder (Spectrum Chemical Mfg Corp, Gardena,
California) was weighed to produce a dose equivalent to 5 mg/70 mg. The powder was
placed in clean class A graduated cylinders and dissolved in 0.9% sodium chloride for
injection (Hospira, Lake Forest, Illinois) to 1 mL volume. The resulting solution was
agitated using a vortex mixer to ensure complete dissolution. Final filter sterilization was
performed using a 0.22-pm Millex GS 33 syringe-driven membrane filter (Millipore-Product
Ref SLGS M33 SS). Injectables were prepared using aseptic technique and packaged in
sterile syringes (Becton-Dickinson & Co, Franklin Lakes, New Jersey). Nursing staff
infused the solution over 1 minute into an IV indwelling catheter in the forearm placed on
the opposite arm from which blood samples were drawn.

Blood Sampling and Oxycodone and Oxycodone Metabolite Assays

Serial 5-mL blood samples were collected from an indwelling venous catheter into
heparinized vacutainers 30 minutes before drug administration and 5, 10, 15, 30, and 45
minutes and 1, 1.5, 2, 4, 8, 12, and 24 hours after each IN and IV drug administration. An
additional 2-minute postdrug administration sample was collected in the IV session.
Samples were inverted 8 to 10 times, placed on ice, and centrifuged for 10 minutes at 4°C at
3000g. Plasma was aliquotted into #2, 2-mL DNA, DNase, RNase, pyrogen-free o-ring
sealed screw-capped crytotubes and stored upright at —80°C until time of shipment to the
University of Utah for analysis. Shipment was overnight on dry ice (surface temperature
-78.5°C) according to Department of Transportation and International Air Transport
Association guidelines.

Plasma oxycodone, noroxycodone, and oxymorphone concentrations were determined using
a validated liquid chromatography—electrospray ionization—tandem mass spectrometric (LC-
ESI-MS/MS) method.1’ In brief, deuterated analogs of oxycodone, oxymorphone, and
noroxycodone were added to plasma as the internal standards. The pH of the plasma was
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made basic (>10) by addition of ammonium hydroxide, and plasma was extracted using
liquid/liquid extraction with n-butylchloride/acetonitrile (4:1). The organic layer was
collected, evaporated, and reconstituted with 0.1% formic acid in water and analyzed by LC-
ESI-MS/MS. The mass spectrometer was operated in the selected reaction-monitoring mode.
Quadrupole 1 was set to pass only the ions at m/z 316, 322, 302, 305, 302, and 305 that
correspond to the MH™ ions of oxycodone, oxycodone-dg, 0xymorphone, oxymorphone-ds,
noroxycodone, and noroxycodone-ds, respectively. The MH* ions were caused to undergo
collision-induced dissociation in quadrupole 2 that produce product ions at m/z 298, 304,
284, 287, 284, and 287, respectively, that were then monitored selectively by quadrupole 3.

Oxymorphone and noroxycodone both have the same parent and product ion masses; their
separation is achieved by liquid chromatography. Concentrations of oxycodone,
oxymorphone, and noroxycodone were determined from the peak area ratios of the analyte
to its internal standard and from comparison of the ratio with the calibration curve (0.2-250
ng/mL) that was generated from the analysis of human plasma fortified with known
concentrations of the analytes and their internal standards. Lower limit of quantitation
(LLOQ) was 0.2 ng/mL for 1 mL of plasma.

Pharmacokinetic and Bioavailability Analysis

The elimination rate constant (A,) was estimated by linear regression from a natural log-
linear plot of the last 4 plasma concentration data points (time points 4, 8, 12, and 24 hours)
during the terminal postdistribution phase. Concentrations below the LLOQ were excluded
from the A, calculation such that oxycodone A, was based on the last 3 time points (ie, 4, 8,
and 12 hours) in 6 subjects for the IV condition, 2 subjects for IN 15 mg/70 kg, and 1
subject for IN 30 mg/70 kg. Noroxycodone A, was based on the last 3 time points in 5
subjects for the 1V condition and in 1 for 30 mg/70 kg. The terminal half-life (t1,) was
calculated as 0.693/A.,.

Plasma area under the concentration—time curve (AUC) from time zero to infinity
(AUC.inf) was calculated as AUC from time zero to 24 hours (AUCq.p4p) + concentration
at 24 hours/A,. AUCq_o4n Was calculated by the linear trapezoidal rule. Cypax and Tax are
the observed maximum plasma concentrations and time to maximum concentrations,
respectively. Observed absolute bioavailability (Fgps) of IN OxyContin was determined
according to the following formula: Fgps = (AUCq.inf IN/AUCq.ins IV) x (dose 1V/dose IN).
Values below the LLOQ were scored as zero for determination of mean concentrations and
to calculate AUCs. The data were analyzed for normality (skewness and kurtosis); all data
were normally distributed except for Trax. Thus, means + SDs are presented. One-factor
(drug condition) analysis of variance was conducted (Proc Mixed in SAS 9.1 for Windows)
for each pharmacokinetic parameter except Tmax t0 determine differences among the drug
conditions. Post hoc Tukey comparisons were completed between each drug condition when
the analysis of variance was significant. Nonparametric Friedman tests with Wilcoxon
signed rank comparisons using a Bonferroni correction were conducted for Tax. Statistical
significance was set at P < .05 (P < .0167 for Bonferroni corrections). Paired t tests were
conducted when only 2 drug conditions were compared.
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All drug doses were well tolerated by subjects without clinically significant adverse events
(eg, no respiratory depression or vital sign abnormalities requiring medical intervention; no
nasal infections). Oxycodone was detected in plasma at the first postdrug administration
time point (5 minutes for IN doses and 2 minutes for the 1V dose) for all subjects. Figure 1
shows the mean plasma concentrations of oxycodone, noroxycodone, and oxymorphone for
each drug condition. Oxymorphone concentrations were below the LLOQ in 2 subjects after
the IN 15 mg/70 kg dose and in 6 subjects after the IV dose. Therefore, oxymorphone
pharmacokinetic results are not reported for the 1V condition. Noroxycodone was identified
in every subject after IN and 1V drug administration.

Compared with 1V oxycodone, the mean IN bioavailability of crushed OxyContin was
78.2% * 17.8% and 75.0% = 15.5% in the 15 mg/70 kg and 30 mg/70 kg conditions,
respectively; these 2 values did not differ significantly. The range across both IN doses was
from 54% to 101%.

Results for Tiax, Crmax,» AUCq.inf, metabolite/oxycodone AUC.ins ratios, and ty, for all
doses are shown in Table I. Mean oxycodone T,y 0ccurred later for both IN doses (65 and
52 minutes for the low and high dose, respectively) compared with the IV dose (7 minutes)
as expected. Tyax differed significantly between the 1V and the IN 15 mg/70 kg doses, but a
trend was only observed between the IV and the IN 30 mg/70 kg doses (P = .0176 with
Bonferroni correction). A similar pattern, but not statistically significant, was observed for
noroxycodone Tmax, Whereby the 1V condition had a shorter Tp,ax than the IN conditions.
There was a trend toward a noroxycodone Tax difference between the 30 mg/70 kg IN dose
and IV dose (P = .0171 with Bonferroni correction). Oxymorphone Tyax did not
significantly differ between the IN doses.

Oxycodone, noroxycodone, and oxymorphone Cyax Values were significantly different
among drug conditions. The 30 mg/70 kg IN dose produced significantly higher Cyax
compared with the lower IN dose for all 3 analytes and the IV dose for oxycodone and
noroxycodone. The 15 mg/70 kg dose produced a significantly higher noroxycodone Cpax
than the 1V dose.

Oxycodone and noroxycodone AUC.ixf significantly differed among all drug conditions.
The 30 mg/70 kg IN dose produced the highest values and the IV dose the lowest. Dose
proportionality was evident between the 2 IN doses; oxycodone AUC_js was 1.92 times
greater for the 30 mg/70 kg dose compared with the 15 mg/70 kg dose. Oxymorphone
AUC_ins Was significantly higher in the 30 mg/70 kg IN dose condition compared with the
15 mg/70 kg IN condition, although overall, oxymorphone AUC values were low in
comparison to AUC values for noroxycodone and oxycodone.

Oxycodone ty/, was not significantly different among the 3 drug conditions, with mean
values ranging from 3.3 to 3.6 hours. Noroxycodone ty, was not significantly different
between the 2 IN doses, but the 1V dose had a significantly longer ty, of 7.1 hours
compared with the 30 mg/70 kg IN dose ty;» of 5.8 hours. Oxymorphone tq;, was not
calculated because of frequent concentrations below the LLOQ.
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Ratios of noroxycodone to oxycodone AUC.jns Were significantly higher in both IN
conditions compared with the IV condition. No difference was found between IN doses. The
ratio of oxymorphone to oxycodone AUCq.j s was significantly higher in the high IN dose
compared with low IN dose condition. Semi-log plots of oxycodone, noroxycodone, and
oxymorphone plasma concentrations are available as supplemental data at http://
jcp.sagepub.com/supplemental/.

DISCUSSION

This study evaluated the pharmacokinetic profile of IN OxyContin in comparison to 1V
oxycodone. The IN drug administration method used in this study is clinically relevant
because OxyContin was administered in the manner by which it is commonly abused—by
snorting crushed tablets. There are several important study results. First, crushed OxyContin
was rapidly absorbed by the IN route and was reliably detected in plasma within 5 minutes
of dosing. Second, OxyContin had high intranasal bioavailability: 78% and 75% after 15
mg/70 kg and 30 mg/70 kg, respectively. Third, the t1;> of IN OxyContin was approximately
3.5 hours and was not statistically different than the t;, of 3.3 hours for IV oxycodone.
These data demonstrate that crushing and snorting OxyContin tablets is a highly efficient
drug delivery method that clearly bypasses the extended-release Acrocontin (Purdue
Pharma) drug delivery matrix.

The major metabolite for both IN and IV conditions was noroxycodone. Oxymorphone was
present in low concentrations, often below the LLOQ, consistent with other studies
administering oral and parenteral oxycodone.3:18 Previous research has shown that
oxycodone AUC rather than oxymorphone AUC is more closely associated with overall
subjective ratings of oxycodone drug effects,1® and blockade of oxymorphone production
through inhibition of CYP2D6 does not attenuate the psychomotor or subjective drug effects
of oxycodone.1® Therefore, oxymorphone is unlikely to be a significant contributor to the
pharmacodynamic effects of oxycodone. Other oxidative and reduced oxycodone
metabolites have been identified in the last decade??; however, there are limited data
regarding their contribution to the pharmacodynamic effects of oxycodone.

Intranasal bioavailability of crushed OxyContin tablets in this study (~77%) exceeds its oral
bioavailability estimated at approximately 60%.13-14 Intranasal drug administration is
typically associated with greater drug delivery than oral administration because the
nasalcavity has a porous endothelial basement membrane, generally lower enzymatic
activity than the gastrointestinal tract, and a large surface area with rich venous vasculature
that bypasses presystemic gastrointestinal (G1) and hepatic first-pass metabolism.21:22
However, the present bioavailability results exceed a previous report of 47% IN
bioavailability of oxycodone solution administered by nasal spray,23 perhaps the only other
study to date to examine the bioavailability of IN oxycodone. The lower bioavailability in
that study may be attributable to solution volumes exceeding the 0.3- to 0.4-mL nasal
mucosa limit for absorption.22 Thus, excess solution likely entered the nasopharynx and
esophagus, becoming subjected to Gl absorption and metabolism. Likewise, although IN
bioavailability was high in the current study, making it unlikely that significant amounts of
drug entered the GI system, it is still possible that some amount was absorbed there. This
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could help explain why there was more variability in T2 and noroxycodone/oxycodone
AUC ratios for the IN doses compared with the 1V dose.

Moreover, IN drug absorption has been shown to be more efficacious with powder
compared with liquid formulations in animals,242° although it can also produce highly
variable results because of unpredictable disposition within the nose. This latter point may
help explain the wide range of bioavailability reported here (54%-101%).

OxyContin tablets contain excipients that may enhance IN drug delivery. These include talc,
lactose, triacetin, ammonio methacrylate copolymer, magnesium stearate, povidone, and
stearyl alcohol (oral communication with Purdue Pharma, September 11, 2006). The direct
effects of these excipients on IN oxycodone drug absorption are unknown, but polymer
interactions with nasal mucous can enhance mucoadhesion and are used to optimize human
IN drug delivery.?? Lactose also has been shown in rabbits to be a rapid release excipient,
producing maximum apomorphine concentrations more quickly by the IN route compared
with subcutaneous injections without lactose.26 However, excipients may also have adverse
medical effects when administered by routes for which they were not intended. For instance,
pulmonary granulomatosis has been reported when pills containing talc are crushed and
injected,2” and nasal fungal infections, septal and palatal perforation, and erosion of
turbinates have been reported after snorting crushed opioid analgesics.28-30

This study has limitations. It examined only 2 IN doses, so linear pharmacokinetics cannot
be determined. Given constraints on study duration and allowable blood draw volumes, IN
bioavailability comparisons with other opioids commonly misused by this route (eg,
hydrocodone) and oral OxyContin were not included, and these comparisons will be
important to pursue in future work.

Overall, these results should be of significant interest to health providers, toxicologists, and
public health officials as prescription opioid overdose deaths have increased. OxyContin
was easily crushed to bypass the sustained-release mechanism and, when snorted, had high
IN bioavailability with rapid delivery into circulating blood. These data, combined with
availability of high-dose/low-volume tablets (eg, 80-mg tablets) and research demonstrating
that immediate-release oxycodone has abuse potential (eg, produces drug liking and high),3!
clarify that OxyContin lacks abuse-deterrent properties and has significant abuse liability.
These qualities, unfortunately, are not unique to many currently FDA-approved opioid pain
relievers. It is hoped that the FDA’s new requirements for risk evaluation and mitigation
strategies for new drug applications with abuse liability combined with technological
advances will allow new opioid pain relievers with abuse-deterrent properties to replace
older drug delivery systems that are easily exploited and have contributed to the growing
number of unintentional prescription opioid overdose deaths and current epidemic of
prescription opioid use disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Mean plasma concentrations (n = 8) of oxycodone, noroxycodone, and oxymorphone after intranasal crushed OxyContin and IV
oxycodone administration. Bars represent +1 standard error. Bars are not present for all data points because they are too small to
depict.
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Table |

Pharmacokinetics of Oxycodone and Its Metabolites After Intranasal (IN) OxyContin and Intravenous (1V)
Oxycodone Administration

IV Oxycodone IN OxyContin  IN OxyContin
5mg/70 kg 15mg/70 kg 30 mg/70 kg

Trmax MiN
Oxycodone@ 75 65+ 73 52 +31
2-15 10-240 10-90
Noroxycodone 111 +152 148 + 148 206 + 177
15-480 45-480 60-480
Oxymorphone — 98+ 72 146 + 147
— 45-240 60-480
Crax, NG/ML
Oxycodonebvc 29.7+11.3 328+5.2 541+124
17.8-52.7 25.7-40.0 39.9-76.7
Noroxycodoneaybvc 25+0.8 11.8+5.1 195+53
1.3-3.7 6.0-22.7 12.9-26.6
Oxymorphone® — 0.3+0.2 08+04
— 0.0-0.6 0.3-1.5
AUCq.jnt
Oxycodone&P.c 74.32+13.89  172.02+41.88 330.01 +65.45
58.58-102.80 122.15-247.74  237.49-405.08
Noroxycodoneavbvc 32.69+21.80 111.58+49.39 197.34+59.31
16.36-80.44 60.58-217.81 113.20-289.46
Oxymorphone€ — 1.08+1.11 5.76 +4.35
— 0.00-2.79 2.12-15.64
tip, h
Oxycodone 33+08 35+09 3.6+05
2.3-4.4 1.6-4.6 3.0-4.5
Noroxycodone? 71+27 62+23 58+17
4.6-11.4 3.5-9.9 4.4-9.1
Noroxycodone AUC.;,/Oxycodone AUCO,infayb 0.42+0.19 0.64 £0.16 0.61+0.18
0.23-0.78 0.36-0.88 0.40-0.88
Oxymorphone AUC.j,/Oxycodone AUCq.i© — 0.01-0.01 0.02£0.01
— 0.00-0.02 0.01-0.04

Results are the mean + standard deviation and ranges; all results based on n = 8 sample except oxymorphone (OM) Tmax results based on sample
size of n = 6 for the IN 15 mg/70 kg dose. OM results not analyzed for the IV oxycodone dose because only 2 subjects had detectable OM levels.

aSignificant difference between IV and low IN dose (bottom row).
bSignificant difference between IV and high IN dose (top row).

CSignificant difference between IN doses.
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