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Abstract

The safety of a novel modified-release oral capsule with orlistat and acarbose (MR-OA) was investigated in 67 obese
middle-aged White men with a body mass index of 32 to 40 kg/m2 or 30 to 32 kg/m2 plus waist circumference >102
cm. The purpose of this investigation was to compare MR-OA with the existing conventional orlistat regarding systemic
safety defined as plasma orlistat concentration at the end of the treatment period of 14 days. Participants took the
MR-OA fixed-dose combination formulation 3 times a day together with a major meal. Three different doses of MR-OA
were evaluated—60/20, 90/30, and 120/40 (mg orlistat/mg acarbose)—as well as 1 reference group who received the
conventional orlistat, Xenical, with 120 mg of orlistat. Blood plasma was sampled on days 1 and 14. The orlistat plasma
concentrations of the MR-OA dose showed a delayed absorption and were lower compared with conventional orlistat
at the end of the study. All doses were safe and well tolerated without any unexpected adverse events and no serious
adverse events. The delay in the rise of orlistat plasma concentration indicates that the modified-release properties of
the MR-OA formulation are effective. The systemic exposure of orlistat resulting from MR-OA was similar, albeit a bit
lower than the conventional orlistat with 120 mg of orlistat.We can therefore assume that the safety profile regarding
the orlistat moiety of MR-OA is comparable to the conventional orlistat and a promising approach for weight control
in obese patients. Further clinical evaluation is underway.
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Obesity is a major and multidimensional health prob-
lem worldwide and a major risk factor for additional
health concerns such as cardiovascular diseases, di-
abetes mellitus, musculoskeletal disorders, and some
cancers.1–3 In Europe, the currently approved drugs
for obesity are perorally administered orlistat (Alli and
Xenical), perorally administered bupropion/naltrexone
(Mysimba), and subcutaneously injected liraglutide
(Saxenda). With the exception of the oral dosage forms
of orlistat, all currently approved anti-obesity pharma-
ceutical products have some systemic side effects.4

We recently showed that a novel multiple-unit
modified-release (MR) capsule with a fixed-dose com-
bination of orlistat and the carbohydrate-digestion
inhibitor acarbose (MR-OA) reduced appetite and
postprandial glucose.5 We also found that the oral MR
formulation enabled combining these 2 active phar-
maceutical ingredients (APIs) without worsening gas-
trointestinal tolerability compared with the approved
conventional orlistat drug product.5

Here, we present pharmacokinetic data from the
clinical study EP-001 for obese middle-aged men
treated with the novel capsule, administered 3 times
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Table 1. Cave, Cmax, Clast, AUClast (Arithmetic Mean ± Standard Deviation) and tmax Values for Orlistat (Median and Interquartile
Range) Determined at Day 1 (Visit 2) and Day 14 (Visit 4), Respectively, During the 14-Day Study

Treatment Group
Orlistat/Acarbose, mg

Group I MR-OA
60/20 (n = 17)

Group II MR-OA
90/30 (n = 17)

Group III MR-OA
120/40 (n = 16)

Group IV Conventional
Orlistat 120 (n = 17)

Cave, ng/mL-V 2 0.38 ± 0.32
a

0.64 ± 0.63
a

0.53 ± 0.35
a

1.21 ± 0.67
Cave, ng/mL-V 4 0.35 ± 0.21

a
0.60 ± 0.40

a
0.54 ± 0.35

a
1.45 ± 1.10

Cmax, ngl/mL-V 2 0.65 ± 0.57
a

1.26 ± 1.42
a

1.05 ± 0.87
a

3.32 ± 1.93
Cmax, ng/mL-V 4 0.88 ± 0.69

a
1.55 ± 1.13

a
1.24 ± 1.10

a
3.19 ± 2.28

Clast , ng/mL-V 2 0.62 ± 0.59
a

1.24 ± 1.43
a

1.01 ± 0.87
a

2.86 ± 1.52
Clast, ng/mL-V 4 0.80 ± 0.76

a
1.54 ± 1.14

a
1.24 ± 1.10

a
2.89 ± 1.99

AUClast, ng/mL × h-V 2 0.57 ± 0.46
a

1.27 ± 1.19
a

1.13 ± 1.05
a

3.42 ± 3.48
AUClast, ng/mL × h-V 4 0.95 ± 0.52

a
1.53 ± 1.10

a
1.51 ± 1.36

a
4.08 ± 3.78

tmax, h-V 2 6.00 (5.88-6.00) 6.00 (6.00-6.00) 6.00 (6.00-6.00) 6.00 (6.00-6.00)
tmax, h-V 4 6.00 (4.90-6.00) 6.00 (6.00-6.00) 6.00 (6.00-6.00) 6.00 (6.00-6.00)

AUClast,area under the concentration–time curve from time 0 to the last measurable concentration; Cave, individual mean concentration; Clast, last
measurable concentration; Cmax, maximum plasma concentration; tmax, time to maximum plasma concentration.
a
Significantly different from conventional orlistat group, adjusted for multiple comparisons according to Holm.11 “V 2” = visit 2 (day 1), “V 4” = visit 4
(day 14).

a day together with meal intake for 14 consecutive
days. The aim of this study was to investigate if the
systemic exposure and pharmacokinetics of MR-OA
were similar to, and therefore as safe (regarding sys-
temic effects) as, the conventional oral dosage form
containing 120 mg of orlistat.

Methods
Study Design
The clinical trial was conducted as a single-center,
controlled, randomized, parallel-group phase IIa study
with 2 weeks of daily treatment 3 times a day in the
fed state with 3 different dose strengths of the novel
orlistat/acarbose test product MR-OA, namely, 60/20,
90/30, and 120/40 mg/mg (denoted MR-OA-60/20,
MR-OA-90/30, and MR-OA-120/40, respectively).
These 3 dose strengths were given to the 3 treatment
groups; group I, II, and III, respectively, a conventional
orlistat product, that is, Xenical, 120 mg was used as
comparator (Table 1), denoted in group IV. A detailed
description of the study was published previously.5

Ethics approval was granted by the regional Ethical
Review Board in Uppsala, Sweden (dnr 2016/257). All
study participants signed the consent form. The trial
was registered at EudraCT (2016-001055-50). The clini-
cal trial was performed by the contract research organi-
zation Clinical Trial Consultants in Uppsala, Sweden.

Study Subjects
Included in the study were obese male White subjects
24-60 years old with either a body mass index (BMI)
of 32–40 kg/m2 or BMI of 30–32 kg/m2 together with
waist circumference >102 cm. Subjects were screened
for eligibility as per study-specific inclusion/exclusion
criteria within 5 weeks before (days –35 to –4) random-

ization and the first oral administration of the test and
reference products.5 Additional inclusion criteria were
based on medical history, physical findings, vital signs,
electrocardiogram (ECG), and blood chemistry values
at the time of screening. All subjects had an adequate
plasma glucose control (ie, without previous diagnosis
of diabetes mellitus type 2); serum creatinine levels
<1.5 times the upper limit of normal; serum aspartate
aminotransferase, alanine aminotransferase, alkaline
phosphatase, and gamma-glutamyl transferase levels
<2.5 times the upper limit of normal, and bilirubin
levels <1.5 times the upper limit of normal.

Treatments
Eligible and consenting subjects arrived at the research
clinic in a fasted condition (at least 8 hours since ameal)
on the morning of the first study day (visit 2, day 1)
and were randomly assigned to 1 of 4 parallel treatment
groups. Drug products were taken orally concomitant
with the 3 main daily meals (fed state); these were ei-
ther 1 of the dose strengths of the test product or the
reference product. Each subject was instructed to take
the drug product halfway through each meal.

Study Outline
The clinical trial consisted of 5 visits to the clinic,
including screening and follow-up.5 The total duration
of the experiments was 2 weeks for each subject with
no overnight stays. Visit 1 included screening and a
health investigation and occurred 1 to 5 weeks be-
fore the study start. On days –1 through –3, baseline
questionnaires were completed by each subject outside
the clinic. On study days 1 and 14 (visits 2 and 4),
the drug product was administered at the research
clinic together with standardized meals (breakfast and
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lunch) at specific times. For the remaining days, the
drug product was self-administered three times a day
by each subject, together with all 3 daily main meals.
There were no dietary restrictions during the study
days at home except that subjects had to abstain from
alcohol for 24 hours and from food and drink for at
least 8 hours before visits 1, 2, and 4. On day 21 (visit
5), a final follow-up visit was performed at the clinic.
Visit 3, day 7 of the experimental period included a
safety check-up in which plasma/serum concentrations
of liver enzymes were assessed. At visit 5, about 1
week (4-10 days) after end of the experimental period,
another safety follow-up was performed.

Diet During Visits 2 and 4
On study days 1 and 14, each subject received 2 meals
during the visit. Drug products were given concomi-
tant with food throughout the study. Breakfast was rye
bread with butter, cheese, and salami (846 kcal, 16 en-
ergy percent [E%] protein, 50 E% fat, and 34 E% car-
bohydrates). Lunch was ham and cheese pie, and white
bread with butter (1053 kcal, 14 E% protein, 55 E% fat,
and 31 E% carbohydrates). Halfway through the meal,
about 50 mL of tap water was consumed together with
the drug product. Water consumption ad libitum was
allowed between 2 and 3 hours after breakfast as well
as 2 hours after lunch.

Fixed-Dose MR Formulation of 2 Active Drugs
(MR-OA) and Pharmacological Rationale
The test drug product was a solid, oral, multiple-unit,
MR capsule with a fixed-dose combination of 2 APIs,
orlistat and acarbose. The capsule contained 3 different
types of pellets or granules but of a consistent size frac-
tion (≤700 μm) that allowed a continuous postpran-
dial gastric emptying rate.6,7 Each type of pellet had
a specified and different API release rate. Orlistat and
acarbose are respectively classified as class IV and III
drugs according to the Biopharmaceutical Classifica-
tion System,8,9 and their biopharmaceutical properties
were central for the test product, which was designed to
optimize the physiological enteroendocrine-mediated
gastrointestinal brake feedback satiety response.10

Plasma Pharmacokinetics
Blood samples were collected from a cubital vein in
heparinized Vacutainer tubes (Becton Dickinson, East
Rutherford, New Jersey) at –15, –14, 30, 60, 90, 120,
225, 270, 300, 330, and 360 minutes on study day 1
(visit 2) and day 14 (visit 4). Capsules were taken in the
fed state at time 0 and 240 minutes. The limited sam-
pling of blood for pharmacokinetic assessment was due
to extensive blood samples for a number of biochemical
and neuroendocrine biomarkers and other safety mark-

ers. Meals were initiated at time points –5 (breakfast)
and 235minutes (lunch) on each study day. Each subject
had 10 minutes to finish their meals. The blood samples
were kept on ice and then centrifuged for 10 minutes at
1500 g. Plasma was stored at –70°C until analysis.

Orlistat Assay
Plasma concentrations of orlistat were quantified by the
Swedish National Veterinary Institute using a validated
ultra-performance liquid chromatography–tandem
mass spectrometrymethod (Acquity ultra-performance
liquid chromatography systems coupled to Xevo-TQS
micro tandem quadrupole mass spectrometers [Waters
Corporation, Milford, Massachusetts]) in accordance
with the OECD Principles of Good Laboratory Prac-
tice 1997. All samples were thawed, vortex-mixed,
and centrifuged. The samples were then treated with
acetonitrile to precipitate the proteins followed by
liquid-liquid extraction using hexane, isolation, and
evaporation of the organic phase after the samples
were reconstituted. They were then vortex-mixed
and centrifuged before being injected into the ultra-
performance liquid chromatography–tandem mass
spectrometry method system. The ionization technique
was positive electrospray. The chromatographic column
was a YMC-Triart Phenyl (50 × 2.1 mm length × inner
diameter, particle diameter 1.9 μm). The chromato-
graphic elution was carried out with a mobile phase
consisting of components A, 2.0 mM ammonium
acetate in water, and B, acetonitrile. The total run time
was 5.0 minutes after washing and equilibrating the
column. The autosampler was programmed to inject
10 μL of sample. The data collection was performed in
the multiple reaction monitoring mode. The multiple
reaction monitoring transitions were m/z 496 > 319 for
orlistat and m/z 499 > 319 for orlistat-d3. The orlistat-
d3 (Toronto Research Chemicals, Toronto, Canada)
was used as an internal standard. The calibration curve
range for orlistat was 0.05 to 25 ng/mL. The lower limit
of quantification was 0.05 ng/mL. In each analytical
batch, at least two-thirds of the quality control samples
must have determined concentrations within ± 10% of
their respective nominal concentrations.

Pharmacokinetic Data Analysis
For purposes of data analysis, a plasma orlistat con-
centration of 0.025 ng/mL was used in the calcula-
tions for plasma samples below the lower limit of quan-
tification at 0.05 ng/mL. The following pharmacoki-
netic parameters were calculated: the individual mean
concentration, maximum plasma concentration, time
to maximum plasma concentration (tmax), and area
under the concentration–time curve from time 0 to
the last measurable concentration. Calculations were
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performed with Python 3.0 (Python Software Founda-
tion, Beaverton, Oregon).

Statistical Analysis
Differences among the 3 MR-OA groups (60/20, 90/30,
and 120/40) and the reference product group (conven-
tional orlistat, Xenical) were tested with Welch’s t test
for continuous data. Data are presented as mean ±
standard deviation. Significance was set at α = .05.
Adjustments for multiple comparisons were made ac-
cording to Holm.11 Statistical analyses were performed
with R Commander version 2.4-2 (R Foundation for
Statistical Computing, Vienna, Austria).12

Results
As has been shown previously,5 the randomized men
were aged 42.9 ± 9.1 (mean ± standard deviation) and
had a BMI of 34.8 ± 2.7 kg/m2. Mean concentration
and highest maximum plasma concentration of orlistat
were <5 ng/mL for all doses of MR-OA as well as in
conventional orlistat at both visit 2 and visit 4 (Table 1).
Moreover, a delay in the rise in plasma concentrations
in the afternoon was observed for the test products
(groups I-III) compared with the conventional orlistat
product (group IV; Figure 1). The last measurable
concentration and area under the concentration–time
curve from time 0 to the last measurable concentration
were lower in the MR-OA groups at both visit 2 and
visit 4 compared with the conventional orlistat group
(P < .05; Table 1). There were no differences in tmax

(Table 1). The orlistat plasma concentrations were
higher after the second dose of the day compared with
the initial morning dose for all 4 treatments (Figure 1).
The individual variation in orlistat concentration for
MR-OA 120/40 and conventional orlistat 120 mg are
presented in Figure 2. The pharmacokinetics were lin-
ear, and therewere no signs of accumulation of the drug
in plasma. No serious adverse events (SAEs) occurred,
and the frequency of non-SAEs was low (Table S1).

Discussion
The plasma pharmacokinetics of orlistat in the MR-
OA treatment groups were comparable to treatment
with conventional orlistat in this phase IIa study. The
mean plasma concentration of orlistat was <5 ng/mL
in subjects receiving MR-OA and the conventional
orlistat, which is similar to other studies.13–15 The
slightly higher plasma concentrations observed in the
conventional orlistat is explained by the difference
in dissolution. The conventional orlistat is dissolved
already in the stomach and therefore has a longer reten-
tion time for the slow dissolution process. The plasma
concentration profiles of orlistat clearly showed that the
absorption and systemic exposure of orlistat was higher

Figure 1. Plasma concentrations of orlistat (mean ± standard
deviation) during day 1 (visit 2) and day 14 (visit 4). Drug prod-
ucts taken at 0 and 240 minutes. Breakfast initiated 5 minutes
before the first dose, and lunch initiated 5 minutes before the
second dose. MR-OA, modified-release oral capsule with orlis-
tat and acarbose.

after the lunch meal than after breakfast. Food often
increases the absorption of a drug compound with low
solubility due to increased luminal drug solubilization,
improved wetting of solid-state particles, and longer
gastric retention time for dissolution (due to a reduced
gastric emptying rate).16 In this case, the fat content
of lunch was ≈30% higher than breakfast, which may
partly explain the somewhat higher plasma concentra-
tion of orlistat following lunch. Another possible expla-
nation for the plasma concentration profile pattern ob-
served during the day might be diurnal factors,7 as the
postprandial metabolism of fat varies during the day.17

The pharmacokinetic time-concentration profile
indicates that the MR properties of MR-OA be-
have according to the theoretical calculations and
projections. The tmax was similar for all the tested for-
mulations (Table 1), but this could be due to the limited
sampling. We observed a delay in the rise of orlistat
plasma concentration compared with the conventional
orlistat product (Figure 1), most probably due to the
delayed and slower release of APIs from the MR test
product. The low morning predose concentration at
Day 14 (Figures 1 and 2) indicates that in both the
MR-OA groups as well as the conventional group,
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Figure 2. Baseline (before breakfast and first dose of the day) and postprandial (highest concentration after lunch and second dose)
individual (left) and mean ± standard deviation (right) orlistat plasma concentrations at day 14 for test product modified-release oral
capsule with orlistat and acarbose (MR-OA; “EMP16 120/40”) and reference product with orlistat 120 mg (“Conventional orlistat”).

orlistat reaches its peak concentrations after the dinner
dose and is cleared from the body during the night,
to be back at <5 ng/mL (not measurable) at break-
fast the following day. This is in accordance with the
120-mg orlistat clearance of ≈8 hours described in the
literature.15 This shows that there was no blood plasma
accumulation of orlistat from theMR-OA formulation.

For acarbose, a low fraction of absorption can be ex-
pected due to a low intestinal permeability.16 Acarbose
plasma concentrations are difficult to measure due to a
lack of ionized functional chemical groups within the
molecule; therefore, bioequivalence in glucose-lowering
capability is the usual way of determining an acarbose
effect.18,19

In the previous study,5 we showed an expected effect
on plasma glucose concentration, which was similar
to that reported with conventional oral product of
acarbose,20 a sign that the MR-OA formulation does
not affect acarbose absorption.

Finally, no signs were found that the well-known
safety of orlistat and acarbose were affected. No SAEs
were reported, and the AEs were mild. The frequency
of pharyngitis was similar in the groups and, in our
opinion, not related to the study medications, as has
been shown previously (unpublished data available on
the product label).

Conclusions
The pharmacokinetic profile of orlistat indicates that
the MR-OA formulations produce a delayed and slow
release of the APIs in vivo. Since the plasma concentra-
tion of orlistat was low after 2 weeks of treatment (in
the same range as the approved conventional orlistat
product), this novel MR dosage form with orlistat
and acarbose can be regarded as pharmacokinetically
safe. We are now investigating higher dose strengths

of MR-OA for an extended period of time in a larger
and more clinically diverse population to determine
optimal dose strength of the drug product.
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