
A randomised, placebo-controlled trial comparing the effects
of tapentadol and oxycodone on gastrointestinal and colonic
transit in healthy humans
I. D. Jeong*, M. Camilleri*, A. Shin*, J. Iturrino*, A. Boldingh*, I. Busciglio*, D. Burton*, M. Ryks*, D. Rhoten* &
A. R. Zinsmeister†

*Clinical Enteric Neuroscience
Translational and Epidemiological
Research (C.E.N.T.E.R.), Mayo Clinic,
Rochester, MN, USA.
†Division of Biomedical Statistics and
Informatics, Department of Health
Sciences Research, College of
Medicine, Mayo Clinic, Rochester,
MN, USA.

Correspondence to:
Prof. M. Camilleri, Departments of
Medicine and Physiology, College of
Medicine, Mayo Clinic, Charlton 8-
110, 200 First St. S.W., Rochester, MN
55905, USA.
E-mail: camilleri.michael@mayo.edu

Publication data
Submitted 22 December 2011
First decision 11 January 2012
Resubmitted 16 January 2012
Accepted 31 January 2012

SUMMARY

Background
Tapentadol is a mu-opioid receptor agonist and norepinephrine reuptake inhibi-
tor. In clinical trials, tapentadol provided somatic pain relief comparable to mu-
opioids such as oxycodone, with significantly less gastrointestinal adverse effects.
The acute effects of tapentadol on gastrointestinal and colonic transit are unclear.

Aim
To compare acute effects of oral tapentadol and oxycodone on gastric,
small bowel and colonic transit of solids in 38 healthy human subjects.

Methods
In a randomised, parallel-group, double-blind, placebo-controlled study of
the effects of identical-appearing tapentadol immediate release (IR), 75 mg
t.d.s., or oxycodone IR, 5 mg t.d.s., for 48 h, we measured gastric (GE), small
bowel (SBT measured as colonic filling at 6 h) and colonic transit by validated
scintigraphy. Drug was commenced on the evening before the start of the
transit test. The primary endpoints were overall colonic transit (geometric
centre, GC) at 24 h and GE half-time (t1/2). ANCOVA of transit data included
gender or BMI as covariates. Adverse effects were summarised.

Results
At the doses tested, oxycodone and tapentadol significantly delayed GE t1/2
and SBT, but not overall colonic transit, compared to placebo. Transit pro-
files in all regions were not significantly different between oxycodone and
tapentadol at the doses tested. Both oxycodone and tapentadol were associ-
ated with nausea and central effects attributable to central opiate effects.

Conclusions
Tapentadol significantly delayed gastric emptying t1/2 and small bowel tran-
sit, similar to oxycodone. These data suggest that acute administration of
tapentadol may not have significant advantages over standard mu-opioids,
in terms of the potential to avoid upper gastrointestinal motor dysfunction.
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INTRODUCTION
Acute and chronic opiate use is associated with gastroin-
testinal adverse effects such as nausea, vomiting and con-
stipation. The commonly used opiates such as codeine
and morphine delay colonic transit.1 Similarly, tramadol,
which is sometimes used to avoid gastrointestinal
adverse effects, can delay orocecal and colonic transit.2

Nausea, constipation and central nervous system effects
such as sedation and dizziness are common side effects
of opioid pain medications.

Oxycodone, a phenanthrene derivative, is a widely
used opioid analgesic that is administered orally or by
subcutaneous or intravenous injection for the relief of
moderate to severe pain. A usual oral starting dose for
opioid-naive patients in severe pain is 5 mg every 4–
6 h, increased thereafter as necessary according to
response. Oxycodone hydrochloride may also be given
orally as a modified-release preparation every 12 h. To
counteract opioid-induced constipation, a combined
modified-release oral preparation of oxycodone hydro-
chloride and naloxone hydrochloride is available in
some countries.3

An alternative approach to avoiding opiate bowel dys-
function is to develop drugs that retain analgesic actions
without causing the gastrointestinal effects. Clinical trial
evidence suggests that one medication with these proper-
ties is tapentadol, a new molecular entity that is structur-
ally similar to tramadol. Tapentadol is a centrally acting
analgesic with a dual mode of action: agonist at the
l-opioid receptor and inhibitor of norepinephrine reup-
take.4 These two actions are synergistic in pain relief.5

This dual mode of action provides analgesia at similar
levels of more potent narcotic analgesics such as hydro-
codone, oxycodone and meperidine, with a more tolera-
ble side effect profile. Clinical studies showed that
tapentadol effectively relieved moderate-to-severe pain in
several pain care settings. In addition, it was reported to
be associated with significantly fewer treatment discon-
tinuations due to a significantly lower incidence of gas-
trointestinal adverse events, when compared with
equivalent doses of oxycodone. For example, when used
for relief of post-operative pain, tapentadol, 50 or
100 mg, caused less nausea, vomiting, constipation, and
dizziness than oxycodone, 10 mg, but the rate of somno-
lence was similar.6 Overall, clinical studies suggest that
tapentadol is equivalent in providing somatic pain relief
(e.g. in joint replacement, bunionectomy, dental pain)
compared with a mu-opioid agent such as oxycodone7

or morphine,8 but it is associated with significantly less

gastrointestinal adverse effects than with the mu-opioid
agent. The reduced treatment discontinuation rates and
relief of moderate-to-severe nociceptive and neuropathic
pain observed with tapentadol may offer an improve-
ment in pain therapy by increasing patients’ compliance
with their treatment regimen.9

The acute effects of tapentadol on gastrointestinal and
colonic transit are unclear. The effects of tapentadol and
oxycodone have not been compared using validated
physiological measurements. The study hypothesis was
that tapentadol administered orally is associated with fas-
ter gastric and colonic transit of solids compared to
effects of oxycodone in healthy human subjects. The aim
was to compare the acute effects of tapentadol and oxy-
codone administered orally on gastric, small bowel and
colonic transit of solids in healthy human subjects.

METHODS

Study design
This was a randomised, parallel-group, double-blind, pla-
cebo-controlled study of the effects of identical-appearing
tapentadol immediate release (IR) formulation, 75 mg, t.
d.s., or oxycodone IR, 5 mg, t.d.s., for 48 h on gastric,
small bowel and colonic transit by a validated scinti-
graphic method in healthy volunteers.

Following an initial screening, subjects were rando-
mised to tapentadol IR t.d.s., or oxycodone IR t.d.s., or
placebo, and allocations were concealed from the study
team. Participants underwent scintigraphic assessment of
gastric, small bowel and colonic transit of solids over a
48-h period, and safety monitoring was performed by
phone 7 days post-procedure.

Participants
We evaluated 38 healthy males or nonpregnant, non-
breastfeeding females, aged 18–65 years, who were
randomised to oxycodone, tapentadol, or placebo. Exclu-
sion criteria included use of any mu-opioid agent in the
previous 3 months, structural or metabolic diseases/con-
ditions that affect the gastrointestinal system, functional
gastrointestinal disorders, inability to withdraw medica-
tions that alter GI transit 48 h prior to the study, or use
of analgesic drugs (including opiates, nonsteroidal anti-
inflammatory drugs, COX-2 inhibitors) or selective sero-
tonin reuptake inhibitors. Low stable doses of thyroid
replacement, oestrogen replacement, low dose aspirin for
cardioprotection, birth control pills or depot injections
were permissible.
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Medication
Matching tapentadol IR and oxycodone IR, and placebo
were provided by the Mayo Research Pharmacy. The study
did not require an IND, since there was no new indication
being developed and the study was intended to acquire
data on safety or mechanisms of action. Given the conduct
of the study in healthy volunteers who were opiate naive
and the desire to contrast acute, short-term effects of the
two medications on gastrointestinal and colonic transit,
we designed the study to include a single dose the night
before the main study day. While this did not establish
steady state “trough” levels of the two drugs, the study
design was intended to appraise effects on transit of the
analgesics when administered in a manner analogous to
the clinical application of these medications, such as in
patients with fractures or elective surgery.

Drug administration started on the evening before the
start of the validated scintigraphic transit test. The phar-
macokinetics of tapentadol and oxycodone suggested that
this precaution would be sufficient to observe the biolog-
ical effects of the medications. Thus, in a human PK
study of a single 100 mg oral dose of 3-[14C]-labelled
tapentadol HCl,10 absorption was rapid [with a mean
maximum serum concentration (Cmax) of 2.45 micro-
gram-eq/mL; a time to Cmax of 1.25–1.5 h]. Single oral
doses of tapentadol were rapidly absorbed and then
excreted into the urine, primarily in the form of conju-
gated metabolites.

The pharmacokinetics of oxycodone showed a Tmax of
~70 min and terminal elimination half-life of about 4 h
after single dose.11

Randomisation procedure
Randomisation was stratified on gender and BMI (<25 vs.
� 25 kg/m2) and medications were assigned randomly in
fixed block sizes according to a schedule provided by the
study statistician. The research pharmacy associated with
the Clinical Research Unit (CRU) maintained the ran-
domisation schedule. Only randomisation personnel were
allowed to see the randomisation book and to know the
block size in order to avoid the possibility of prediction by
the investigators. Allocation was concealed from partici-
pants and from the investigators. The first dose of drug
was ingested at 22:00 hours on the evening prior to the
start of the transit measurements.

Gastrointestinal and colonic transit
Patients attended the CRU at approximately 7:00 hours,
after having fasted for at least 8 h. A urine pregnancy
test was performed, when applicable, within 48 h of the

start of the test. An adaptation of our established scinti-
graphic method was used to measure gastrointestinal
transit of a 296 kcal meal, 99mTc-sulphur colloid-labelled
scrambled eggs eaten with one slice of whole wheat
bread and one glass of skim milk, and colonic transit
based on 111In absorbed on activated charcoal particles
delivered to the colon by means of a methacrylate-
coated, delayed-release capsule. Subjects ingested stan-
dardised meals for lunch (550 kcal) and dinner
(750 kcal) at 4 and 8 h after the radiolabelled meal. Rel-
ative to the time of breakfast meal ingestion, abdominal
images were obtained every hour for the first 6 h, and at
8, 24, and 48 h. The method and performance character-
istics of this test are summarised elsewhere.12–18

Transit data analysis
A variable region of interest program was used to quan-
tify the counts in the stomach and each of four colonic
regions: ascending, transverse, descending, and combined
sigmoid and rectum. These counts were corrected for
isotope decay, tissue attenuation and downscatter of
111In counts into the 99mTc window.

Data were analysed, as in previous studies, estimating
the geometric mean of counts in anterior and posterior
regions of interest to correct for depth attenuation. The
geometric centre of colonic counts at 4, 8, 24 and 48 h
was estimated using the weighted average of corrected
counts in ascending (AC), transverse (TC), descending
(DC) and rectosigmoid (RS) colon and stool (weighted
by factors of 1–5 respectively): (%AC 9 1 + %TC 9 2 +
%DC 9 3 + %RS 9 4 + %stool 9 5)/100 = geometric
centre. Thus, a high geometric centre implies faster colo-
nic transit. A geometric centre of 1 implies that all iso-
tope is in the ascending colon, and a geometric centre of
5 implies that all isotope is in the stool.

The t1/2 of ascending colon emptying is also estimated
by plotting the activity-time curve for per cent residing
in the ascending colon; linear interpolation is used to
connect points.

Statistical analysis
The primary response measures were t1/2 of gastric emp-
tying and colonic geometric centre at 24 h. The second-
ary endpoints were colonic geometric centre at 8 and
48 h, colonic filling at 6 h, and t1/2 of ascending colon
emptying.

The effects of treatment were assessed using an analy-
sis of covariance (ANCOVA) models. The covariates were
gender (for gastric emptying) and body mass index (for
small bowel and colonic transit). A priori anticipated
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contrasts (tapentadol and oxycodone vs. placebo) were
examined (a = 0.05) using the Dunnett-Hsu test for
multiple comparisons with a control. Data were analysed
based on intention-to-treat (ITT) principles. Missing
data in the dropouts for a specific endpoint were
imputed using the corresponding endpoint overall mean
(among subjects with nonmissing data). The residual
error degrees of freedom were adjusted by subtracting
one degree of freedom for each missing value imputed
for a given endpoint.

Sample size assessment
Table 1 summarises data for the primary response mea-
sures and uses the coefficient of variation (CV%) to esti-
mate the effect size detectable with 80% power based on
a two sample t-test at a two-sided alpha level of 0.05.
The effect size is the difference in group means as a per-
centage of the overall mean for each response and
assumes 12 subjects per group. The data used for this
statistical power estimation are based on scintigraphic
transit studies using the same methods in healthy volun-
teers in our laboratory.19–22

RESULTS

Demographics
The three treatment groups had similar demographic
characteristics (Table 2). Figure 1 shows the trial evolu-
tion. One participant receiving oxycodone and 3 receiv-
ing tapentadol discontinued the intervention because of
the adverse effect of vomiting. One other participant

who had received one dose of oxycodone decided to
withdraw from the study; she had no adverse effects.
The details of the per protocol and ITT groups are illus-
trated in Figure 1. The analyses presented here are based
on the ITT approach. The results of the per protocol
analyses were qualitatively similar and all statistically sig-
nificant results were consistent in both analyses.

Effects of treatment on gastrointestinal transit
At the doses tested, tapentadol and oxycodone signifi-
cantly delayed gastric emptying t1/2 (ANCOVA, P = 0.044
for overall treatment effects; tapentadol P = 0.05 and
oxycodone P = 0.06, each vs. placebo, Dunnett-Hsu test)
and small bowel transit time (ANCOVA P = 0.020 for over-
all treatment effects; tapentadol P = 0.019 and oxyco-
done P = 0.045 each vs. placebo, Dunnett-Hsu test);
these data are illustrated in Figure 2.

Effects of treatment on colonic transit
There were no overall effects on colonic transit or
ascending colonic emptying t1/2 (Figures 3 and 4). Tran-
sit profiles in the gastrointestinal and colonic regions
were not significantly different between tapentadol and
oxycodone at the doses tested.

Adverse effects of treatment
Table 3 summarises the adverse effects recorded. There
were significantly larger numbers of participants receiv-
ing tapentadol who developed nausea and dizziness.

DISCUSSION
This pharmacodynamic study showed that acute admin-
istration of the IR formulations of the analgesics, tapent-
adol and oxycodone (at the doses tested), retarded
gastric emptying and small bowel transit relative to pla-
cebo in healthy controls. This is consistent with the
development of symptoms of opiate bowel dysfunction
during acute treatment with opiate analgesics. At the
doses tested, neither tapentadol nor oxycodone signifi-
cantly retarded colonic transit compared to placebo.

The objective of our study was to assess whether we
could identify a pharmacodynamic explanation for the

Table 1 | Statistical power (assuming n = 12/group)

Response type Mean s.d. CV%

Effect
size* (%)
detectable
with 80%
power
(a = 0.05)

GE solids T1/2, min
(N = 219)

121 30 25 30

Colonic filling at 6 h,%
(N = 167)

50 30 60 72

GC @ 24 h (N = 167) 2.44 0.89 36 43
Ascending colon T1/2, h
(N = 50)

17.0 8.9 52 62

Estimates are based on data from previous studies in healthy
volunteers using same methods.

* Effect size is the difference between means as a percentage
of listed mean.

Table 2 | Demographics of participants

Data show
mean ± S.E.M. Placebo

Tapentadol,
75 mg t.d.s.

Oxycodone,
5 mg t.d.s.

N; F:M 13; 10:3 13; 9:4 12; 9:3
Age, years 39.5 ± 3.3 35.0 ± 2.2 33.3 ± 3.7
BMI, kg/m2 25.2 ± 1.4 26.3 ± 1.4 27.4 ± 1.8
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difference in the prevalence of opiate bowel dysfunction
in patients treated with these analgesics in clinical tri-
als.6, 7 A short (3-day) administration of tapentadol, 50,
75, or 100 mg, or of oxycodone IR, 15 mg, compared to
placebo, all given every 4–6 h in a phase III multiple-
dosing study in post-surgical (bunionectomy) patients
with baseline pain score of >4 on an 11 point scale
showed benefit in the sum of pain intensity difference
(SPID) and the need of rescue medication over the first
48 h with all tapentadol doses as well as with oxycodone
compared to placebo. Oxycodone IR, 15 mg, provided
equivalent analgesia to tapentadol IR, 100 mg, but the
latter had a significantly lower incidence of nausea and/
or vomiting (53% vs. 70%, respectively; nominal
P = 0.007).23

39

Excluded
1

Randomised

38

Oxycodone

12

Tapentadol

13

Placebo

13

Discontinued
Intervention

2

Lost to 
follow up

0

Discontinued
Intervention

3

0

Discontinued
Intervention

0

0

Followed Up
12

Followed Up
13

Followed Up
13

Analysed

12
10

Analysed
13
10

Analysed 
13
13

ITT analysis
per protocol analysis

Assessed for eligibility

Lost to 
follow up

Lost to 
follow up

Figure 1 | Participant disposition.
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Figure 2 | Effect of tapentadol and oxycodone on
gastric emptying t1/2 and small bowel transit (colonic
filling at 6 h, CF6).
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Similarly, in a phase III, 10-day, multiple-dosing
assessment of patients with late stage osteoarthritis,
tapentadol, 50 and 75 mg, and oxycodone IR, 10 mg,
were all superior to placebo based on the SPID at 48 h
and 5 days improvement with tapentadol, 50 and 75 mg,

and oxycodone, 10 mg, as compared to placebo (7). Ta-
pentadol had a lower incidence of discontinuation due to
adverse events and lower incidence of selected gastroin-
testinal adverse events with tapentadol than oxycodone.

These two studies indicate that the doses selected for
our study were in the range that demonstrated differen-
tial gastrointestinal adverse effects with tapentadol and
oxycodone.

Additional studies in surgical and nonsurgical patients
have documented the analgesic efficacy of tapentadol
and the reduced gastrointestinal adverse effects, includ-
ing patients with advanced osteoarthritis,24–27 surgical
pain,28 and diabetic peripheral neuropathy.29 A lower
percentage of patients discontinued because of nausea
and/or vomiting or constipation with tapentadol IR vs.
oxycodone IR, while receiving comparable pain relief;
thus, suggesting tapentadol may improve the manage-
ment of low back and osteoarthritis pain,30 better gastro-
intestinal tolerability than oxycodone HCl CR, and
sustained relief of moderate to severe chronic knee or
hip osteoarthritis or low back pain which was docu-
mented for up to 1 year.31

The prevalence of nausea in our current pharmacody-
namic study was increased only in the tapentadol IR,
75 mg, t.d.s. group, compared to placebo, which is con-
sistent with the observations on gastric and small bowel
transit with tapentadol. While much attention is placed
on opiate-induced constipation, acute or short lived
administration of mu-opiates frequently manifests with
nausea and vomiting. Thus, a meta-analysis of rando-
mised, placebo-controlled trials of noncancer patients
receiving opioids for moderate-to-severe pain revealed
that ~80% of patients experienced at least one adverse
event, with constipation (41%) and nausea (32%) being
the most common opioid-related side effects.32 It is
unclear why participants whose average gastric and small
bowel transit times were delayed similarly to participants
in the tapentadol group did not experience typical
adverse effects to mu-opiates such as nausea or dizziness.
However, even among patients exposed to oxycodone for
90 days, only ~50% actually experienced nausea, as dem-
onstrated by a post hoc analyses of data from a 90-day
clinical trial evaluating the tolerability and efficacy of ta-
pentadol IR and oxycodone IR for the relief of moderate
to severe pain in elderly and non-elderly patients.33

Clearly, a similar pharmacodynamic study of patients
on chronic therapy with tapentadol and mu-opiates like
oxycodone will provide important insights on the poten-
tial for differential gastrointestinal and colonic transit
effects of these compounds and the chronic effects of
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Figure 4 | Effect of tapentadol and oxycodone on
ascending colon emptying t1/2.

Table 3 | Adverse events affecting >1 participant

Adverse
event Placebo

Tapentadol,
75 mg t.d.s.

Oxycodone,
5 mg t.d.s. P value*

N 13 13 12
Any AE 1 10 4 0.0013
Nausea 0 5 1 0.020
Vomiting 0 3 1 0.197
Headache 1 1 0 >0.5
Dizziness 0 5 0 0.0067
Light-headed 0 2 0 0.316

* Fisher's exact test for all three groups.
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Figure 3 | Effect of tapentadol and oxycodone on
colonic transit (geometric centre at 4, 24 and 48 h).
GC24 h was the primary colonic transit endpoint.
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these medications on the upper and lower gastrointesti-
nal tract to assess the role of opiate-induced tolerance.

The strengths of our study include the prospective
nature, adequate statistical power and validated method-
ology to measure gastrointestinal and colonic transit. In
fact, there was a smaller effect size on colonic transit
demonstrable with the n = 12 per treatment group than
the size demonstrable in gastric emptying and small
bowel transit (Table 1).

An apparent weakness of our study is the fact that we
did not observe any effect of either tapentadol or oxyco-
done on colonic transit compared to placebo. Given the
observations in clinical trials summarised above, this may
have reflected the “protective” effect of tapentadol on colo-
nic transit, or the slightly lower dose of oxycodone than
the dose that typically caused constipation (10–15 vs.
5 mg used in our study). This was chosen because we had
expected, based on the clinical adverse effects reported in
longer trials, that oxycodone would cause greater
GI adverse effects than tapentadol, and we were expecting
tapentadol to have no adverse effects on GI motor func-
tions at the dose selected. Thus, we did not wish to bias
the study in favour of tapentadol by choosing the higher
dose of oxycodone that is known to cause adverse bowel
effects. We were surprised to find that both mu-opiates
had quantitatively similar gastric and small bowel transit
effects.

It is conceivable that tapentadol has different dose-
related effects in the upper and lower gastrointestinal
tract, which might explain the discrepancy between
retardation of proximal and midgut transit, and absence
of effect on colonic transit. There were nonsignificant
prolongations of ascending colon emptying t1/2 with
tapentadol compared to placebo (approximately 30% dif-
ference in mean values), but certainly no appreciable dif-
ferences in overall colonic transit in the three groups in
our study. Barrow et al. had previously observed that the
effect of codeine in human colon was predominantly
observed in the ascending colon, with little effect in the
left colon.34 Differential effects of chronically adminis-
tered mu-opiate have also been observed in studies of
morphine tolerance in the mouse ileum and colon.35

A specific weakness in our study is that we did not con-
duct dose–response studies with either analgesic and
therefore we cannot exclude the possibility that delay in
colonic transit may result from treatment with either agent
at higher doses. However, the review of clinical trials sug-
gests that the doses tested were clinically relevant. Our

transit studies were conducted prior to achieving a theo-
retical steady state of the medications by repeated admin-
istration over several days. However, there were limits on
the number of doses of potentially addictive medications
that we could ethically administer in healthy volunteers.
Nevertheless, the significant retardation of gastric empty-
ing and colonic filling (surrogate for small bowel transit)
indicates that the doses we tested were pharmacologically
relevant, and the magnitude of delay was consistent with
the delays observed in symptomatic conditions like gastro-
paresis36 using the same method and meal.

It is conceivable that the difference in the GI symp-
tom differences reported in the clinical trials reviewed
above may reflect the effects of tapentadol on central
mechanisms that control perception of symptoms, and
that the retardation of gastric and small bowel transit
which is common to both drugs tested is not the deter-
mining factor leading to the reporting of those symp-
toms. Our study focus and sample size were based on
the transit pharmacodynamic endpoints, and would have
been underpowered to assess effects on postprandial
symptoms.

In conclusion, the analgesic, tapentadol, results in sig-
nificantly delayed gastric and small bowel transit, similar
to the mu-opioid, oxycodone. These data suggest that
acute administration of tapentadol may not have signifi-
cant advantages over standard mu-opioids in terms of
the potential to avoid upper gastrointestinal motor dys-
function (measured by transit) when these medications
are administered acutely and at moderate doses. These
observations suggest that there is still a need to identify
optimal strategies and develop new medications for opi-
ate-induced gastrointestinal dysfunction.37
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