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ABSTRACT. Purpose. The purpose of this study was
to characterize the food effect on the pharmacokinetics
of sibutramine and its pharmacologically active metab-
olites. Methods. This was an open label, single dose,
crossover study completed by six healthy males. A sin-
gle dose of sibutramine 15 mg was administered orally
under fasting and fed conditions. Plasma concentra-
tions of sibutramine and its metabolites were deter-
mined by LC/MS/MS. Non-compartmental
pharmacokinetics and statistical analysis were per-
formed using SAS. Results. The food intake increased
significantly AUCs and Cmax of sibutramine and its
M1 metabolite, but did not affect M2 metabolite.
When sibutramine was administered with food, the
Tmax was delayed by 2 to 4 hours for sibutramine, M1
and M2 metabolites as stated in the literature. Conclu-
sions. The results of this study indicate that sibutra-
mine is measurable using a sensitive bioanalytical
method. In contrast with what is reported in the prod-
uct monograph, this study demonstrated that the bio-
availability of sibutramine and M1 metabolite was
significantly increased with administration with food.
The results confirmed lack of food effect on the phar-
macokinetics of M2 metabolite. These relatively large
food effect observed for sibutramine and M1 metabo-
lite, could have implication for the efficacy and safety
of the drug.

INTRODUCTION

Sibutramine is a β-phenylethylamine (1) indicated for
the management of obesity, including weight loss and
maintenance of weight loss, and should be used in con-
junction with a reduced calorie diet. It is recommended
for obese patients with an initial body mass index (BMI)
> 30 or > 27 in the presence of other risk factors (e.g.
hypertension, diabetes, dyslipidemia) (1, 2). The recom-

mended starting dose of sibutramine is 10 mg once daily,
and the maximum daily dose is 15 mg (2). In humans,
sibutramine is rapidly metabolized, to desmethyl metab-
olites, M1 (mono-desmethyl sibutramine) and M2 (di-
desmethyl sibutramine) (3). No pharmacokinetic data
for the parent drug, sibutramine has been previously
reported in the literature. A sensitive assay had to be
developed in order to characterize the pharmacokinetics
of sibutramine. It has been reported that sibutramine
exerts its pharmacological actions predominantly via its
secondary amine M1 and primary amine M2 metabo-
lites, although sibutramine is also pharmacologically
active. The Canadian product  monograph states that
administration of a single 20 mg dose of sibutramine
with a standard breakfast results in reduced M1 and M2
concentrations (by 27% and 32%, respectively) and
delays the time to peak by approximately 3 hours. How-
ever, it was reported that the AUCs of M1 and M2 were
not significantly altered. The purpose of this study was
to characterize the pharmacokinetics of sibutramine and
its two active metabolites with and without a high-fat
meal.

MATERIAL AND METHODS

Study design

Six healthy (aged between 24 and 59 years old), adult,
male non-smokers participated in this pilot, single dose,
open-label, and one sequence crossover study. All sub-
jects met the inclusion and exclusion criteria described
in the protocol and were judged eligible for the study,
based on medical history, demographic data, medication
history, physical examination, vital signs and clinical
laboratory tests and urinanalysis. The study was con-
ducted in accordance with internationally accepted stan-
dards of Good Clinical Practices (ICH), Good
Laboratory Practices, local regulatory requirements, and
the principles enunciated in the Declaration of Helsinki
(Edinburgh, Scotland, 2000). In period 1, subjects were
administered sibutramine hydrochloride (Meridia®,
Abbott Laboratories Limited, Canada) as a 1 x 15 mg
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capsule, after an overnight fast of at least 10 hours. In
period 2, after a supervised overnight fast of at least 10
hours, and within 30 minutes before drug administration,
subjects were served a standard high-fat, high-caloric
breakfast of approximately 1000 calories (with 50% of
calories from fat). A washout period of 14 days sepa-
rated the two periods. Blood samples were drawn at pre-
dose and at 0.167, 0.333, 0.500, 0.667, 0.833, 1.00, 1.50,
2.00, 2.50, 3.00, 3.50, 4.00, 6.00, 8.00, 12.0, 16.0, 24.0,
36.0, 48.0, and 72.0 hours post-dose in each period.
Plasma was harvested from each blood sample and
stored in a -80°C (-85°C to -65°C) freezer, pending
assay for sibutramine and its metabolites.

Analytical Method

Plasma concentrations of sibutramine, M1 and M2
metabolites were measured by LC/MS/MS method
according to the following method: Sibutramine and
its M1 and M2 metabolites were measured in human
heparin plasma using liquid chromatography with tan-
dem mass spectrometry detection. Separation of
sibutramine and its metabolites was achieved on a Zor-
bax C18 column. Plasma samples were spiked with a
deuterated internal standard (sibutramine-d7), then
extracted with methyl-ter-butyl ether, evaporated
under nitrogen and reconstituted in acetonitrile/
ammonium acetate. The calibration curves ranged
from 50.50 to 25250 pg/mL for sibutramine, from
100.20 to 50100 pg/mL and from 99.00 pg/mL to 49500
pg/mL for M1 and M2, respectively. Inter- and intra-
batch coefficients of variation ranged from 1.96 to
11.10% for sibutramine, from 1.85 to 4.08% and from
2.43 to 8.73% for M1 and M2 metabolites, respectively.

Pharmacokinetic Analysis

Pharmacokinetic parameters were calculated using
non-compartmental methods. Cmax, the maximum
observed concentration, and Tmax, the time of observed
peak concentration, were determined for each subject
and for each treatment. AUC0-t, the area under the
plasma concentration-time curve from time zero to the
time of the last non-zero concentration was calculated
using the linear trapezoidal rule. The AUC0-inf, the
area under the concentration-time curve from time
zero to infinity (extrapolated) was calculated as AUC0-t

+ Ct/Kel, where: Ct = the last non-zero observed con-
centration. To calculate the elimination rate constant
(Kel), regression analyses were performed on the natu-

ral log (Ln) of plasma concentration values (y) versus
time (x). The Kel was taken as the slope multiplied by (-
1) and the apparent half-life (T1/2 el) as (ln 2)/Kel.

Statistical analysis

Comparison of fed and fasted study periods were
accomplished using ANOVA performed on ln-trans-
formed data of AUC0-t, AUC0-inf and Cmax. Probability
(p) values were derived from Type III sums of squares.
The ratio of least-squares means (fed/fasted) was also
calculated according to the formula “e (X-Y) X 100”.     

RESULTS

Six male subjects completed the study. All oral doses
were well tolerated by the subjects, and no adverse
events were reported. A summary of pharmacokinetic
parameters is provided in Table I for sibutramine and
its M1 and M2 metabolites.

Table 1: Pharmacokinetic parameters of sibutramine and
its M1 and M2 metabolites after a single 15 mg oral dose
of sibutramine HCl to 6 healthy volunteers under fasting
and fed conditions (Mean ± SD).

Mean plasma concentration-time curves for the fasted
and fed study are illustrated in Figures 1, 2 and 3,
respectively for sibutramine and its M1 and M2 metab-
olites.
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Figure 1: Concentration - Time profile of the Mean
Sibutramine.

Figure 2: Concentration - Time profile of the Mean Mono-
Desmethyl-Sibutramine.

Figure 3: Concentration - Time profile of the Mean Di-
Desmethyl-Sibutramine.

Figure 4 presents the mean plasma profiles of sibutra-
mine and its metabolites under fasting conditions
while these profiles are displayed in Figure 5 under fed
conditions. 

Figure 4: Concentration - Time profile of the Mean
Fasting Conditions.

Figure 5: Concentration - Time profile of the Mean Fed
Conditions.

The food intake increased significantly AUCs and Cmax

of sibutramine and its M1 metabolite; a five and three
fold increase in AUCs and Cmax, respectively was
observed for sibutramine and approximately two-fold
increase for both parameters for M1 metabolite when
the drug was administered with food. However, nei-
ther AUCs nor Cmax differed significantly between
fasted and fed study periods for M2 metabolite. When
administered with food, the time to peak plasma con-
centration was delayed by approximately 2 to 4 hours
for sibutramine, M1 and M2 metabolites as reported in
the literature. There was also a significant increase in
elimination half-life of sibutramine following food
intake. The elimination half-life calculated for sibutra-
mine, M1 and M2 metabolites was 8 h, 14 h and 18 h
respectively under fasting conditions and was between
20 h to 22 h for all analytes under fed conditions.
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DISCUSSION AND CONCLUSION

To date detection of sibutramine in plasma has been
challenging (4). However, detection and characteriza-
tion of its metabolites (M1 and M2) have been per-
formed by high-performance liquid chromatography
(HPLC)-electrospray ionization tandem mass spec-
trometry (MS-MS) (4). Use of a sensitive and specific
LC/MS/MS method in this study allowed a better
characterization of the pharmacokinetic profile of
sibutramine as well as M1 and M2 metabolites.

Sibutramine Canadian product monograph states that
administration of a single 20 mg dose of sibutramine
with a standard breakfast resulted in reduced peak M1
and M2 concentrations (by 27% and 32%, respectively)
and delayed the time to peak by approximately 3
hours. However, the AUCs of M1 and M2 were not
reported to be significantly altered. In contrast with
what is reported in the product monograph, the cur-
rent study demonstrated that a high fat meal increased
significantly the peak concentration and AUC of
sibutramine and M1 metabolite. However, Cmax and
AUC of M2 metabolite were not significantly altered
by food.  

Food may affect the pharmacokinetics of drugs by dif-
ferent ways, including delayed gastric emptying, solu-
bilisation of drug by food and digestive fluids,
complexation of drug with food components, alter-
ation in hepatic blood flow and modulation of drug-
metabolizing enzymes by constituents of food (5). In
addition, food intake has been found to influence the
bioavailability of drugs with extensive presystemic
metabolic clearance (6). Sibutramine undergoes exten-
sive first-pass metabolism in the liver. It is metabolized
in the liver principally by CYP3A4 isoenzyme to des-
methyl metabolites M1 and M2 (2). CYP3A4 is
expressed in large quantities in both the liver and the
gut wall, (7-9) and appears to be involved in both sys-
temic and presystemic metabolism (10). Concurrent
food intake reduces presystemic clearance, and thus
enhances bioavailability, of several lipophilic bases
such as propranolol, metoprolol, labetalol, dixyrazine
and hydralazine, which are presystemically metabo-
lized by hydroxylation, glucuronidation and acetyla-
tion enzymes systems. In contrast, the bioavailability
of lipophilic bases that undergo presystemic dealkyla-
tion (amitriptyline, codeine, dextropropoxyphene,

prazosin, zimelidine) is reported not to be affected by
concurrent food intake (6). Sibutramine (cyclobutane-
methanamine) is a lipophilic base, which undergoes
presystemic dealkylation. In contrast to what is
reported for other lipophilic bases with similar meta-
bolic pathways (6), food intake enhanced bioavailabil-
ity of sibutramine in this study. 

It has been reported (6) that food intake reduces presys-
temic clearance of hydralazine and propranolol when
these drugs are administered in conventional rapid-
release tablets but not when they are given in slow-
release formulations. This observation favors the view
that food may reduce presystemic clearance of certain
lipophilic basic drugs via transient, complex effects on
splanchnic-hepatic blood flow and/or shunt processes,
and that the extent of this effect is influenced by the
rate of drug delivery to the liver. The fact that peak
plasma concentration of sibutramine was increased to
approximately the same extent as AUC despite the
delay in Tmax, supports the hypothesis that the ability
of meal to increase oral bioavailability of sibutramine,
may be due to transient increases in liver blood flow.  

In this study, there was a significant increase in elimi-
nation half-life of sibutramine following food intake.
This increase may be explained by a better character-
ization of the terminal elimination phase due to the
higher concentrations observed under fed conditions.
Longer half-life was also observed for sibutramine in
this study as compared with data from the literature.
This may also be due to the more sensitive assay used
in this study. Therefore, the longer half-life values
observed for sibutramine under fed conditions should
not be related to a decrease in sibutramine’s metabo-
lism. This is supported by the fact that lower primary
metabolite (M1) concentrations would be expected if
sibutramine’s metabolism was decreased by food
intake. In our study, however, there was approxi-
mately a two-fold increase of M1 metabolite AUC.

In conclusion, the results of this study showed that
bioavailabilty of sibutramine and M1 metabolite was
increased under fed conditions. In the light of recent
safety reports (11), these results may provide additional
information to health professionals concerning the
safety of sibutramine. However, additional studies
with more subjects and after multiple administrations
may be warranted.
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