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ABSTRACT

Introduction: Food can alter the pharmacoki-
netics of certain abuse-deterrent formulations.
Morphine ARER is an oral abuse-deterrent for-
mulation of ER morphine sulfate tablets for-
mulated with physical and chemical properties
that contribute to the abuse-deterrent aspects of
the drug. This study compared the relative
bioavailability of Morphine ARER in the pres-
ence and absence of food.
Methods: This was a randomized, single-dose,
two-treatment, crossover study in which heal-
thy adults received Morphine ARER 100 mg
under fasting and fed conditions. Subjects were
given naltrexone 50 mg to limit opioid effects.
Plasma concentrations of morphine and its
active metabolite morphine-6-glucuronide
(M6G) were obtained up to 48 h post-dose; area
under the plasma concentration-time curve
(AUC) from time 0 extrapolated to infinity
(AUC0–?), maximum observed plasma concen-
tration (Cmax) and time to Cmax (Tmax) were
calculated. Safety was evaluated by observation

or report of adverse events, which were moni-
tored during the treatment periods.
Results: Of 28enrolled subjects, 27 completedall
treatments; 1 subject in the fastedgroupwithdrew
voluntarily. Under fed conditions, the Cmax for
morphine was 33% higher (44.78 vs. 33.30 ng/ml
for fed and fasted conditions, respectively) and
the median Tmax was 30 min longer than under
fasted conditions. The overallmorphine exposure
(AUC0–?) was similar for fed (440.6 ng � h/ml) vs.
fasted conditions (395.1 ng � h/ml). For M6G, the
Cmax and AUC0–? were similar under both con-
ditions, and themedianTmax forM6Gwas 60 min
longer under fed conditions. Common adverse
events were somnolence and nausea.
Conclusion: Morphine ARER can be adminis-
tered without regard to food.
Plain Language Summary: Plain language
summary available for this article.
Funding: Inspirion Delivery Sciences, LLC.

PLAIN LANGUAGE SUMMARY

Food alters how the body processes some cur-
rently available opioids. How the opioid is for-
mulated in the final commercial product can
impact this effect. Morphine ARER is a new oral
abuse-deterrent formulation of extended-release
morphine createdwithproperties tomake itmore
difficult to abuse via the intranasal and intra-
venous routes. To better understand how food
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affects Morphine ARER bioavailability, we com-
pared the amountofmorphine in the bloodwhen
100 mg of Morphine ARER was given with or
without food, in random order, to 27 healthy
volunteers. Plasma samples were collected up to
48 hafterdosing tomeasure the concentrationsof
morphine and its active metabolite morphine-6-
glucuronide. We measured the amount of drug
absorbed by using the area under the plasma
concentration-time curve (AUC) and the rate of
drug absorption by looking at thehighest amount
ofdrugobserved in thebloodusing themaximum
observed plasma concentration (Cmax) and time
to Cmax (Tmax). When subjects were fed, the Cmax

formorphine was 33% higher (44.78 ng/ml) than
when they fasted (33.30 ng/ml). ThemedianTmax

was 30 min longer when subjects were fed. Total
morphine exposure (AUC0–?) was similar when
subjects were fed (440.6 ng � h/ml) or when they
fasted (395.1 ng � h/ml). Safety was evaluated
throughout the treatment periods by adverse
events, either observed by the clinician or repor-
ted by subjects. Themost commonadverse events
noted were somnolence (e.g., sleepiness) and
nausea. Our findings show that Morphine ARER
has similar bioavailability when taken with or
without food.

Keywords: Abuse-deterrent; Morphine; Opioid;
Pain; Pharmacokinetics

INTRODUCTION

Misuse and abuse of opioids continue to be a
public health issue, with preliminary data from
2017 estimating [ 47,000 deaths in the USA
caused by opioids [1]. Extended-release (ER)
opioid formulations are often misused and
abused because they contain high amounts of
opioid [2]. Abusers often try to manipulate ER
formulations in an attempt to convert the ER
properties into immediate release, allowing for
more rapid euphoric effects. [2] Additionally,
opioid formulations that are more easily pre-
pared for non-oral routes of administration
[e.g., intravenous (IV), intranasal] are more
attractive to abusers as those routes can also
lead to a more rapid euphoric effect [3]. Abuse-

deterrent formulations (ADFs) of opioids are
one approach to combat prescription opioid
misuse and abuse [4]. Opioid ADFs provide pain
relief while deterring common methods of
manipulation and extraction to reduce the
potential for abuse and misuse [4].

Morphine ARER (MorphaBondTM ER, Daiichi
Sankyo, Inc., Basking Ridge, NJ, USA) is a novel
oral ADF of ER morphine sulfate tablets. [5].
Morphine ARER is formulated with proprietary
SentryBondTM technology, which has physical
and chemical properties that contribute to the
abuse-deterrent aspects of the drug [5]. The
active ingredient is contained within a polymer
matrix of inactive ingredients and is difficult to
visually distinguish or physically separate from
the polymer matrix (data on file). Morphine
ARER is expected to deter abuse by the intra-
nasal and IV routes of administration; however,
abuse by intranasal, IV and oral routes is still
possible.

Food can alter the pharmacokinetics (PK) of
certain abuse-deterrent formulations [6]. High-
fat meals may increase total exposure to the
drug and delay the maximum plasma concen-
tration or increase the oral bioavailability; these
PK changes can alter the effectiveness of the
opioid, which could result in poorly managed
pain [6]. The goal of this study was to compare
the relative bioavailability of Morphine ARER
under fed and fasted conditions.

METHODS

Subjects

Healthy male and female subjects aged
18–45 years with a body mass index (BMI)
between 18.0 and 30.0 kg/m2 were enrolled in
the study. Health assessments at the screening
were used to determine good health and lack of
clinically significant abnormalities. Female
subjects were required to abstain from sexual
intercourse or use a reliable method of contra-
ception. Females who were pregnant, lactating
or had a high likelihood of pregnancy during
the study were excluded. Other exclusions were
opioid-naive subjects, those with a history of
considerable respiratory disease or concurrent
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infectious disease, system disorder or organ
dysfunction, or gastrointestinal disorders.

Study Design and Treatments

This was a randomized, single-dose, two-period,
two-treatment, two-sequence crossover study
conducted under fasted and fed conditions.
Treatments were administered according to a
two-treatment, two-sequence randomization
schedule (AB or BA). The randomization was
generated by the Biostatistics Department of
Novum Pharmaceutical Research Services before
the first dosing period using SAS version 9.2
software. In treatment period 1, subjects fasted
overnight for at least 10 h before receiving a
single-dose Morphine ARER 100-mg tablet. In
treatment period 2, subjects fasted overnight for
at least 10 h and were then given a standard
high-fat, high-calorie breakfast before receiving
a single-dose Morphine ARER 100-mg tablet. A
7-day interval occurred between the doses. A
50 mg oral naltrexone tablet with 240 ml of
water was provided to subjects at 12 h ± 30 min
and 1.5 h ± 30 min before dosing with mor-
phine and 12 h ± 30 min after dosing with
morphine to minimize opioid side effects.

All procedures performed in studies involv-
ing human participants were in accordance
with the ethical standards of the Novum Inde-
pendent Institutional Review Board (NIIRB) and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

Pharmacokinetic Assessments

Blood samples from subjects were collected pre-
dose (time 0) and post-dose at 0.25, 0.5, 0.75, 1,
1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 10, 12, 16, 24,
30, 36 and 48 h. At each time point, 10 ml of
blood was collected in K3 EDTA vacutainers.
Parameters of the following were used to eval-
uate the plasma concentration of morphine and
active metabolite morphine-6-glucronide
(M6G): maximum observed plasma concentra-
tion (Cmax), time to maximum observed plasma
concentration (Tmax), and area under the

plasma concentration-time curve from time 0 to
the last measurable concentration (AUC0–t),
extrapolated to infinity (AUC0–?), and at vari-
ous post-dose time points. Plasma concentra-
tions of morphine and M6G were measured
using a validated analytical procedure com-
pleted by Sannova Analytical, Inc. (Somerset,
NJ, USA).

Safety Assessment

The Medical Dictionary for Regulatory Activities
(MedDRA version 15.0) was used to code
adverse events (AEs). AEs were reported and
observed throughout the treatment periods to
assess safety. Severity of the AEs was determined
by the clinic staff, whereas the significance of
the AEs to the study treatment was determined
by the investigator.

Statistical Analysis

A sample size of approximately 28 dosed sub-
jects was deemed sufficient to meet the objec-
tives of the study. All pharmacostatistical
calculations were completed using SAS version
9.2 or later (Cary, NC, USA). Analysis of vari-
ance was completed using the general linear
model procedure of the statistical software. The
least squares mean for the treatments was cal-
culated, and 90% confidence intervals (CIs)
were made based on geometric mean ratios
taken from logarithmic transformed data.

RESULTS

Subjects

Of the 28 subjects who were enrolled, 27 com-
pleted the study. One subject voluntarily with-
drew from the study because of personal reasons
before period 2 check-in; that subject received
Morphine ARER under fasted conditions in
period 1. Subject demographics are shown in
Table 1.
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Pharmacokinetics

Morphine
Under fed conditions, the Cmax for morphine
was 33% higher (44.78 vs. 33.39 ng/ml for fed
and fasted conditions, respectively), and the
median Tmax was 30 min longer (4.5 h vs. 4.0 h,
respectively; Fig. 1). The overall morphine
exposures (AUC0–?) were similar (440.6 ng �
h/ml vs. 395.1 ng � h/ml, respectively). The 90%
CI for Cmax was outside the 80–125% equiva-
lence range for fed vs. fasted states (Table 2).
There was no change in the overall extent of
bioavailability, with the 90% CI for both

morphine AUC0–t and AUC0–? geometric mean
ratios (fed vs. fasted) falling within the 80–125%
range.

M6G
Under fedvs. fasted conditions, theCmax forM6G
was similar (fed, 193.2 ng/ml; fasted, 196.8 ng/
ml) and themedian Tmax was 60 min longer (fed,
4.5 h; fasted, 3.5 h; Fig. 2). The overall M6G
exposure (AUC0–?) was similar for each state
(fed, 2035.4 ng � h/ml; fasted, 2058.7 ng � h/ml).
The 90% CIs for geometric mean ratios of Cmax,
AUC0–? and AUC0–t were all within the equiva-
lence range for M6G (Table 3).

Safety

A total of 11 AEs were reported by 10 of the 28
subjects who participated in the study (Table 4).
All AEs were considered mild and resolved
spontaneously before study completion. The
most common AEs were somnolence and
nausea.

DISCUSSION

Food can alter the PK of certain ADFs, so it is
important to consider the effect of food on the
PK of new opioid formulations as they become
available [6]. There are two recent examples in

Table 1 Baseline demographics (statistical analysis
population)

Characteristic Subjects (n = 27)

Age, years

Mean 32.7 (5.8)

Median (range) 32.0 (22.0–43.0)

Sex, n (%)

Male 27 (100)

Female 0

Race, n (%)

American Indian or

Alaskan Native

1 (4)

Asian 0

Black or African American 13 (48)

Native Hawaiian or

Other Pacific Islander

0

White 11 (41)

Other 2 (7)

Body mass index kg/m2

Mean (SD) 24.4 (2.8)

Median (range) 23.7 (20.9–29.9)

Tobacco use, n (%)

Yes 9 (33)

No 18 (67)

SD standard deviation

Fig. 1 Mean plasma concentration-time profiles of mor-
phine under fed and fasted conditions
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which the importance of food intake on an ADF
was highlighted. The first example is that of
AvridiTM (oxycodone hydrochloride immediate-
release tablets, Purdue Pharma LP, Stamford,
CT, USA), for which the US Food and Drug
Administration did not recommend the
approval because of the significant delay in
oxycodone release in the presence of food [7].
The product required dosing on an empty
stomach, or pain control might have been
inadequate [7]. The second example is Xtam-
pza� ER (oxycodone ER, Collegium Pharma-
ceutical, Canton, MA, USA) [8, 9]. The oral
bioavailability of oxycodone from this formu-
lation is greater when taken with food, and
patients are therefore instructed to take their
doses with approximately the same amount of
food each day to ensure consistent plasma levels

are achieved and to minimize fluctuations in
analgesia [8, 9].

In this single-dose bioavailability study,
morphine Cmax was 33% higher and Tmax was
30 min longer under fed conditions compared
with fasted conditions. Overall morphine
exposure (AUC0–?) was 12% greater in the fed
state; however, this difference was within the
80–125% equivalence range. The morphine
metabolite, M6G, exhibited a similar Cmax and
total exposure, but had a 60-min longer Tmax in
the fed vs. fasted state. Although morphine
Cmax was slightly outside the bioequivalence
limit, we and the FDA did not consider these
differences to be clinically relevant given that
the overall exposure was similar for both mor-
phine and M6G. These data suggest that Mor-
phine ARER can be administered without regard
to food intake and require no specific food-re-
lated dosing requirements in the prescribing
information. In comparison, a currently mar-
keted oxycodone ADF exhibits a 50–60%
increase in AUC when administered with food,
requiring a recommendation in the prescribing
information to instruct patients to take each
dose of the formulation with the same amount
of food to avoid plasma drug level fluctuations
[9]. Despite slight increases in Cmax, Morphine
ARER maintains its ER profile and would likely
not be utilized by a potential abuser who prefers
rapid absorption to induce euphoria. Morphine
ARER is expected to deter abuse by the intra-
nasal and IV routes of administration; however,

Fig. 2 Mean plasma concentration-time profiles of M6G
under fed and fasted conditions. M6G morphine-6-
glucuronide

Table 2 Summary pharmacokinetic parameters for morphine

Parametera (n = 27b) Morphine geometric mean Ratio of means 90% CIc Intra-subject %CV

Fed Fasted

AUC0–t (ng � h/ml) 408.25 356.53 1.1451 1.0936–1.1960 9.3696

AUC0–? (ng � h/ml) 429.78 383.62 1.1203 1.0701–1.1729 9.8784

Cmax (ng/ml) 43.40 32.58 1.3324 1.2090–1.4684 21.1228

ANOVA analysis of variance, AUC0–? area under the plasma concentration-time curve from time 0 and extrapolated to
infinity, AUC0–t area under the plasma concentration-time curve from time 0 to last measurable concentration, CI
confidence interval, Cmax maximum observed plasma concentration, %CV coefficient of variation percent
a Parameter values are based on ANOVA of ln-transformed data
b Number of patients with evaluable data for both treatments
c Range for equivalence was within 0.8000–1.2500 (80–125%) limits
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abuse by the intranasal, oral and IV routes is still
possible.

A limitation of this study is the potential
effects of using naltrexone to minimize the side

effects of morphine. Naltrexone exhibits a sim-
ilar AE profile to that of opioids (primarily
nausea) and may affect gastric transit [10].
However, the FDA recommends the use of

Table 3 Summary of pharmacokinetic parameters for M6G under fed and fasted conditions

Parametera (n = 27)b M6G geometric mean Ratio of means 90% CIc Intra-subject % CV

Fed Fasted

AUC0–t (ng � h/ml) 1927.82 1913.68 1.0074 0.9807–1.0348 5.7770

AUC0–? (ng � h/ml) 2000.40 2018.92 0.9908 0.9661–1.0162 5.4376

Cmax (ng/ml) 189.46 194.39 0.9746 0.9200–1.0326 12.4553

ANOVA analysis of variance, AUC0–? area under the plasma concentration-time curve from time 0 and extrapolated to
infinity, AUC0–t area under the plasma concentration-time curve from time 0 to last measurable concentration, CI
confidence interval, Cmax maximum observed plasma concentration, %CV coefficient of variation percentage, M6G
morphine-6-glucuronide
a Parameter values are based on ANOVA of ln-transformed data
b Number of subjects with evaluable data for both treatments
c Range for equivalence was within 0.8000–1.2500 (80–125%) limits

Table 4 Adverse events with Morphine ARER administration under fed and fasted conditions

System organ class/preferred term Subjects, n (%)

Fed (n = 27) Fasted (n = 28)

Subjects with C 1 AE 5 (18.52) 5 (17.86)

Cardiac disorder

Dizziness 1 (3.70) 0

Gastrointestinal disorders

Abdominal discomfort 1 (3.70) 0

Nausea 0 2 (7.14)

General disorders and administration site conditions

Fatigue 0 1 (3.57)

Investigations

Blood creatinine increased 0 1 (3.57)

Blood pressure decreased 0 1 (3.57)

Blood pressure increased 1 (3.70) 0

Nervous system disorder

Somnolence 2 (7.41) 1(3.57)

AE adverse event
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naltrexone in PK studies of opioid ADFs.
Another limitation is the single-dose study
design, which does not allow for assessment of
steady-state drug levels and of a more realistic
variable diet. However, because subjects
received a high-fat diet, it is likely that the 12%
increase in AUC is the maximum possible
exposure, and any varied diet would result in a
lower exposure to morphine.

CONCLUSION

In this single-dose PK study, Morphine ARER
had similar bioavailability under fed and fasted
conditions, indicating that Morphine ARER can
be administered without regard to food intake.
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