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Abstract. Objective: To determine the ab-
solute bioavailability of naloxone from oral
doses ranging from 5 mg to 120 mg. Mate-
rials and methods: In this open-label study,
28 healthy subjects received naloxone 1 mg
(0.4 mg/ml) as an intravenous infusion (refer-
ence treatment), and the following oral doses
as prolonged release (PR) naloxone tablets: 5
mg, 20 mg, 40 mg, 80 mg and 120 mg. The
pharmacokinetic characteristics of 40 mg ad-
ministered per rectum were also investigated.
Each subject received five of the seven treat-
ments as single doses with a 7 day washout
between doses. Pharmacokinetic blood sam-
pling and safety monitoring were performed
for 24 h after the intravenous dose, and 72 h
after the oral and rectal doses. Results: The
mean absolute bioavailability of naloxone
from the orally administered PR tablets was
very low, ranging from 0.9% for the 5 mg
dose to 2% for the 40, 80 and 120 mg doses,
based on AUC, values. The pharmacokinet-
ics of naloxone were linear across the range
of oral doses. Where AUC,; values were cal-
culated, these confirmed the results based on
AUC; values (mean absolute bioavailability
ranging from 1.9% to 2.2% for the 20 mg to
120 mg oral doses). The absolute bioavailabil-
ity of naloxone was higher following rectal
administration compared with oral adminis-
tration, but was still low at 15%. Conclusions:
The mean oral absolute bioavailability of nal-
oxone in this study was < 2% at doses ranging
from 5 mg to 120 mg.

Introduction__

Oxycodone is a World Health Organiza-
tion (WHO) step III opioid analgesic used
as a mainstay in the treatment of moderate to
severe pain. The presence of p-opioid recep-
tors in the intestinal wall means that oxyco-
done, like all other opioid agonists, is associ-
ated with opioid-induced bowel dysfunction

(OIBD). In contrast to other side-effects,
OIBD does not diminish with time, and con-
stipation is the primary symptom. The burden
of OIBD often results in insufficient pain ther-
apy in many patients, and therefore should be
managed pro-actively.

A novel analgesic has been developed
which combines oxycodone, a strong opioid
agonist, and naloxone, an opioid antagonist,
in a prolonged release (PR) tablet form [1, 2,
3]. When administered intravenously, nalox-
one acts centrally as a specific antidote for
opiate or opioid intoxication. When admin-
istered orally in tablet form, naloxone acts
locally at the p-receptors in the gut where it
has a much higher affinity than the agonist,
oxycodone [1]. Consequently, the constipat-
ing effect of oxycodone is significantly re-
duced [4]. Thus far it has been understood
that, at low doses, the first pass metabolism
of naloxone in the liver is high [5]. In a pre-
vious study, naloxone was administered in-
travenously and orally on separate occasions
to one healthy male subject. Low concentra-
tions of naloxone were recorded following
oral administration, suggesting a high first-
pass metabolism [6]. Goodman and Gilman
reported the mean half-life of naloxone as
1.1 h [7]. Systemic exposure is therefore
expected to be negligible and insufficient to
inhibit the central, pain-relieving action of
oxycodone [8, 9]. Oxycodone/naloxone tab-
lets (Targin®, Targinact®, Targiniq®) are in-
dicated for the treatment of severe pain that
can be adequately managed only with opioid
analgesics. The opioid antagonist naloxone
is added to counteract opioid-induced consti-
pation by blocking the action of oxycodone
at opioid receptors locally in the gut.
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Materials and methods_
Study design

This was an open-label, single-centre,
single-dose, 7-treatment, 5-period, random-
ized incomplete crossover study. The proto-
col for this study was approved by the Office
for Research Ethics Committee Northern
Ireland (ORECNI). The study was con-
ducted in accordance with the International
Conference on Harmonization Good Clini-
cal Practice guideline [10], the Declaration
of Helsinki [11], and applicable regulatory
requirements.

28 healthy men and women, aged 18 — 55
years, gave their written informed consent to
participate and were enrolled into the study.
Female subjects had to use a highly effective
method of contraception throughout the study.
Subjects were excluded from participation if
they had evidence of any clinically relevant
medical condition or had used opioid-contain-
ing medication within 30 days before the start
of the study. The use of any prescription or
non-prescription drug (excluding acetamino-
phen/paracetamol), vitamins, herbal and/or
mineral supplements, and drugs of abuse were
prohibited throughout the study. Caffeine and
xanthine containing beverages were prohib-
ited from 48 h before each dose and while
resident in the study unit, and alcohol was
prohibited from 48 h before until 72 h after
each dose.

Subjects were randomized to receive five
of the following seven single doses of nal-
oxone with at least a 7 day washout period
between each dose: 1 mg (0.4 mg/ml) admin-
istered over 30 min as an intravenous (i.v.)
infusion (reference treatment), orally admin-
istered prolonged release tablets 5 mg, 20 mg
(2 x 10 mg tablets), 40 mg, 80 mg (2 x 40
mg tablets) and 120 mg (3 x 40 mg tablets),
and a rectally administered 40 mg prolonged
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until 4 h after dosing in each study period.
Subjects also had restricted fluid (240 ml wa-
ter at the time of dosing) from 1 hour before
until 1 hour after each dose. A low-fat lunch
(< 30% fat), dinner and an evening snack
were provided at 4, 10 and 14 h post-dose,
respectively. Menus were standardized while
subjects were resident in the study unit and
were the same for each study period. Sub-
jects remained resident in the study unit until
36 h post-dose, and returned to the study unit
for 48 and 72-h post-dose procedures follow-
ing the oral and rectal doses. Subjects also
underwent clinical evaluations within 21
days before the first dose and 3 — 7 days after
the last dose.

Pharmzﬁokinet_‘ic_method_s

Blood samples (6 ml) were drawn from a
forearm vein into tubes containing potassium
ethylenediaminetetraacetic acid pre-dose and
at 15, 30, 32, 35, 40 and 45 min and 1, 1.25,
1.5,2,3,4,6, 8, 12, 16 and 24 h post-dose
for the i.v. dose, and pre-dose and at 0.5, 1,
1.5,2,25,3,35,4,5,6,9, 12, 16, 24, 32,
36, 48 and 72 h post-dose for all oral and rec-
tal doses. Samples were centrifuged within
30 min of collection at 1,500 g for 15 min at
4 °C and the plasma frozen in polypropylene
tubes at —20 °C within 1 hour of sampling.

Naloxone was extracted from plasma by
liquid-liquid extraction. Samples were ana-
lyzed using a validated bioanalytical assay
employing liquid chromatography and elec-
trospray ionization with tandem mass spec-
trometric detection. The precision of the assay
was within 8% and accuracy within 5% over
an extended quality control concentration
range of 30 — 4,000 pg/ml. The quality con-
trol samples were initially at concentrations of
30,450 and 850 pg/ml, however many sample
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KJCinf 5 r_ngi bél_ys. 1 mg Lv. infusion - = ]

20mgoralvs. 1 mgiv.infusion | 22 | 14,33 |

40mgoralvs. 1mgiv.infusion | 20 | 1528 | Safety assessments

|80 mg oral vs. 1 mg i.v. infusion | 119 e 1.4;25 o -

(120 mg oralvs. 1 mg iv.infusion | 20 | 1526 Adverse events were recorded throughout
SIS 40 mgrectalivs Wimgll Viirusion 311 5:8 11.9:209 | the study, including details of severity and re-
Conax (omgoralvs. imgiv.infusion | 02 | 0403 | jaonchip to study medication. Vital signs (su-

20 mg oral vs. 1 mg i.v. infusion 0.2 I 01,02 | . .

40 mg oral vs. 1 mg i.v. infusion 0.2 01.02 | Pineblood pressure, pulse rate and respiration

80.mg oralvs, 1. mg iv. infusion 02 | 0102 | rate) were measured and‘ electrocardiograms

120 mg oral vs. 1 mg iv. infusion | 0.2 01:02 | (ECGs)wererecorded at intervals throughout

40 mg rectal vs. 1 mg i.v. infusion 20 15,26 the study. Hematology, blood chemistry and

Dose-adjusted. "Estimate from mixed-effects linear mode!. Natural log param-
eter estimates calculated by transforming the log-scale estimates back to the
linear scale, that is estimates of ratios. °90% confidence intervals obtained by
transforming the confidence intervals on the log-scale to the ratio scale.

concentrations were above the upper limit of
quantitation, therefore two additional quality
control samples were added at concentrations
of 2,000 and 4,000 pg/ml. Similarly, the cali-
bration range was extended from 10 — 1,000
pg/ml to 10 — 5,000 pg/ml. Specificity testing
showed that there was no interference from a
range of analytes in the chromatographic re-
gions of interest for naloxone.
Pharmacokinetic parameters for naloxone
were calculated using the WinNonlin Enter-
prise Edition version 4.1 software (Pharsight
Corporation, St. Louis, MO, USA). From
each individual plasma profile, the area un-
der the plasma concentration-time curve
measured from the time of dosing to the last
measurable concentration (AUC,) was calcu-
lated using the linear trapezoidal method. The
maximum observed plasma concentration
(Ciax) and time of the maximum observed
plasma concentration (t,,,) were directly
observed from the concentration-time curve,
The terminal phase rate constant (LambdaZ)
was estimated using those points determined
to be in the terminal log-linear phase. The
terminal phase half-life (t,,) was determined
from the ratio of In 2 to LambdaZ. The area
under the plasma concentration-time curve

urinalysis assessments were performed at the
first and last study visits.

Stat_istical methods

Log transformed data of the AUC,
AUC,¢ (if available) and C,,, for nalox-
one were modeled using a mixed effect lin-
ear model, with fixed terms for treatment,
log(dose), period and sequence. The term
“log(dose)” refers to the natural log. Treat-
ment ratios/differences and their associated
90% confidence intervals were calculated
from the least square means. The primary
comparisons of interest were each of the oral
tablet doses versus the i.v. infusion. A sec-
ondary comparison of interest was the rectal
tablet administration versus the i.v. infusion.
All reported contrasts between treatments
(Table 2) were scaled by the ratio of the dos-
es in the treatments under consideration as a
form of dose-adjustment to aid the interpre-
tation of the results.

In the subset of oral administered treat-
ments, log transformed data of the AUC,,
AUC;¢ (if available) and C,,,, for naloxone
were modeled using a mixed effect linear
model, with a linear term for log(dose) with
fixed terms for period and sequence, and a
correlated error-structure, otherwise referred
to as a power model. The estimated coef-
ficient for log (dose) was compared to the
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Figure 1. Mean naloxone (NLX) plasma concen-
tration-time profiles: oral and intravenous doses.
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Figure 2. Mean naloxone (NLX) plasma concen-
tration-time profiles: rectal and intravenous doses.

Table 3. Statistical resuits of log transformed naloxone pharmacokinetic pa-
rameters regressed on log (dose).

Parameter | Coefficient* | Effect (SE) 90% confidence interval |
AUC, Intercept 13.56 (0.269) 3.10; 4.02
L Log dose 1.26 (0.057) 1.17,1.35
AUC, Intercept 4.35 (0.315) 3.81;4.89
Log dose 1.00 (0.061) | 0.89; 1.11 |
A Intercept 12.10(0.184) | 1.79; 2.42
Log dose | 0.95 {0.037) | 0.88; 1.01

*Estimates from mixed-effects linear model. SE: standard error.

reference value of 1 as a global test of dose-
proportionality.

This was a pharmacokinetic study that
was designed to have an overall power of
more than 90% to demonstrate dose-propor-

d sHIgIC GUSC 1000 CIHICCL StUdy O 0XyCOodo-
ne/naloxone 10/5 mg and 40/20 mg, which
showed within-subject SDs on the log-scale
0f 0.163 - 0.192 for AUC and C,,,,, of nalox-
one-3-glucuronide.

Statistical programming and analyses
were performed using SAS® version 9.1 soft-
ware (SAS Institute Inc., Cary, NC, USA).

Results
Subject disposition

28 subjects were randomized into the
study; 27 of these subjects completed all
five study periods. One subject withdrew
due to subject choice and did not receive
the 5 mg and 40 mg oral tablet doses. A to-
tal of 19 or 20 subjects received each study
treatment. The study population comprised
9 female and 19 male subjects, with a mean
age of 31 years (range 21 — 53 years), mean
weight of 72.5 kg (range 55 — 96 kg) and
a mean body mass index of 24.5 (range 20
— 28.5). Two female subjects and one male
subject were Black; all other subjects were
Caucasian.

Pharmac_okine_tic results

The mean observed plasma concentra-
tion-time profiles for naloxone are shown
in Figures 1 and 2. The mean absolute bio-
availability of naloxone from the orally
administered PR tablets, based on the dose-
adjusted AUC, values, ranged from 0.9%
for the 5 mg dose to 2.0% for the 40, 80 and
120 mg doses (Tables 1 and 2). The pharma-
cokinetics of naloxone were linear across
the range of oral doses, confirmed by linear
regression of the log(pharmacokinetic pa-
rameter) against log(dose); the 90% confi-
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