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SUMMARY. Sibutramine hydrochloride monohydrate (SHM) has been widely used for the management of
overweight and obesity. However, more restrict data have been regarded about in vitro dissolution profile
of SHM from pharmaceutical dosage forms. The goal of this paper was to perform a comparative analysis
on dissolution profiles of SHM from four commercial capsules (formulations F1, F2, F3 and F4) available
in the Brazilian pharmaceutical market. All studied preparations reached a plateau from 85 to 100% of
dissolution within 20 min in purified water, HCl 0.1 mol L–1 (pH 1.2) and phosphate buffer solution (PBS
pH 6.8) that can be reported as an immediate release behavior. Formulation F4 showed the lower dissolu-
tion efficiency (73.40%) in PBS medium. However, since similarity/difference data and analysis of vari-
ance were carried out, results demonstrated no statistical differences among the evaluated formulations in
the three used media. Weibull equation was chosen as the most suitable kinetic model that better adjusted
the experimental dissolution data.

INTRODUCTION 
The overweight and obesity are chronic

health disorders widely spread throughout the
world. Obesity is often associated with type 2
diabetes, hypertension, dyslipidemia and other
cardiovascular problems in the disease cluster
recognized as metabolic syndrome 1,2. More-
over, it is a risk factor for certain cancers (e.g.
endometrial, colon, renal), reproductive abnor-
malities, gallstones, sleep apnea, osteoarthritis
and numerous other conditions 3. Several phar-
macological treatments are current available for
the management of obesity as sibutramine hy-
drochloride monohydrate (SHM), an effective
serotonin and noradrenaline re-uptake inhibitor
2,4,5.

SHM shows a satietogenic mechanism by en-
hancing central 5-HT and NA functions with a
considerable result in weight loss. The metabol-
ic effects are based on stimulation of the ther-
mogenesis due the activation of the β3-adreno-
ceptors in the adipose tissue 1-6. An increased

number of registered commercial preparations
are contemporary offered by pharmaceutical
market as capsules. However, the United States
Pharmacopeia and other pharmacopeical com-
pendia have not yet incorporated a monograph
for SHM 6. Regarding this status, when the dis-
solution test is not defined in official mono-
graph or it is not available, the comparative
study of dissolution profile is recommended by
the use of three different media from pH 1.0 to
pH 7.5 7.

Furthermore, chosen excipients, proportion
between them and manufacturing method used
to achieve the final dosage form perform a re-
markable consequence on the resulting content,
the physicochemical and the bulk properties of
the drug and on its absorption conditions 8,9.
Thus, the drug dissolution rate from the phar-
maceutical dosage form is a crucial parameter to
an accurate availability analysis. It can provide
suitable information to bioavailability studies as
an in vitro test that simulates the in vivo perfor-
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mance without a human being exposure 10. As
also reported in the literature 11, more efficient
development of formulations to provide an im-
mediate or controlled release systems and an
ensured quality after particular changes in the
pharmaceutical process can be evaluated by dis-
solution profile data.

The aim of this paper is to compare the dis-
solution behavior under various experimental
conditions of four preparations of SHM 15 mg
as hard gelatin capsules from different commer-
cial products available in the Brazilian pharma-
ceutical market due to the lack of reference data
in the official literature mainly related on the
dissolution profiles of these pharmaceutical
dosage forms.

MATERIAL AND METHODS 
Material

Sibutramine hydrochloride monohydrate
(99.95%) was purchased from Pharma Nostra
(Rio de Janeiro, Brazil) and used as a reference
substance. The hard gelatin capsules of SHM (15
mg per unit) were obtained from Abbott Phar-
maceutical Laboratories (Rio de Janeiro, Brazil)
as name-branded or “reference” pharmaceutical
product  (Reductil™), from Medley Pharmaceuti-
cal Company (Campinas, Brazil) as a registered
generic product (cloridrato de sibutramina
monohidratado Medley™), from EMS Sigma
Pharma (Hortolândia, Brazil) as a product as-
sumed as non-bioequivalent to the reference or
“similar” formulation (Vazy™) and from
Drogamed Compounding Pharmacy (Curitiba,
Brazil), a  community pharmacy focused in
compounding procedures, called as SHM-com-
pounded formulation. The excipient composi-
tion for these analyzed commercial products de-
signed from F1 to F4 is summarized in Table 1.
Others chemicals were analytical grade. Purified

Formulation Brand Official Brazilian Excipient composition
category

F1 Abbott Pharmaceutical branded drug colloidal anhydrous silica, magnesium stearate,
Laboratories microcrystalline cellulose, lactose

F2 Medley Pharmaceutical generic drug colloidal anhydrous silica, magnesium stearate,
Company microcrystalline cellulose, lactose

F3 EMS Sigma Pharma similar drug colloidal anhydrous silica, magnesium stearate, lactose

F4 Drogamed compounded colloidal anhydrous silica, microcrystalline cellulose
Compounding drug
Pharmacy

Table 1. Excipient composition of the investigated formulations (15 mg SHM per capsule).

Milli-Q™ water (Millipore, Bedford, USA) was
used throughout the study.

Dissolution test
According to the United States Pharmacopeia

6, apparatus 2 was used. Dissolution test was
performed in 900 mL of three dissolution media,
purified water, HCl 0.1 mol L–1 at pH 1.2, and
phosphate buffer solution (PBS) at pH 6.8. The
SMH capsule was previously fixed by a sinker.
Experiments were carried out at 37 ± 0.5 °C.
The paddle rotation speed was kept at 50 rpm.
At 1, 3, 5, 8, 10, 15, 20, 30, 45, 60, 90 and 120
min, 10 mL samples were taken and replaced by
fresh medium. Each sample was passed through
a cellulose acetate-type membrane filter and
measured by UV spectrophotometry in a
Hewlett Packard 8452A UV-Vis Diode Array
Spectrometer (Boeblingen, Germany) at 233 nm.
UV method for SHM quantification was previ-
ously validated in terms of linearity, precision,
reproducibility, accuracy and specificity with a
Pearson correlation coefficient (r) of 0.9997 12,
which indicates a very strong correlation be-
tween analytical data 13. The cumulative amount
of drug released from each capsule (n = 6) was
calculated as a percentage of the label claim
(i.e., 15 mg/capsule).

Mathematical and statistical analyses 
To compare the dissolution profiles of SHM

capsules under different analytical conditions,
independent and dependent methods were per-
formed (Table 2). As model-independent analy-
ses, dissolution efficiency, the area under a dis-
solution curve between defined time points 14,
and the fit factors (f1 and f2), mathematical in-
dices to define respectively difference and simi-
larity factors 15, were used for comparison of
dissolution profiles.
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The profiles were also investigated by mod-
el-dependent methods using the MicroMath Sci-
entist™ 2.01 software (Salt Lake City, USA). Data
were tested to fit first-order, biexponential, zero-
order, weibull and monolag equations (Table 2).
For the selection of the best model was consid-
ered r, the model selection criteria (MSC) and
the graphical adjustment.

RESULTS AND DISCUSSION
Dissolution test

Figure 1 summarizes the performed dissolu-
tion experiments for SHM capsules (15 mg per

Model Equation

Dissolution efficiency

Similarity factor

Difference factor

First-order %D = 100 (1 – e–kt )

Biexponential %D = 100[1 – (Ae–αt + Be–βt)]

Zero-order %D = kt

Weibull %D = 100[1 – e–(t/TD)b ]

Monolag %D = 100[1 – e–k(t–x)]

Table 2. Mathematical models related to the performed dissolution experiments.  %D = dissolved percentage, b
= shape parameter, TD = time interval necessary to release 63.2% of the drug, k, α and β = kinetics constants, t
= dissolution time, A and B = initial drug concentrations that contribute for the two dissolution stages.

Figure 1. Dissolution profile of SHM from formulations entitled as F1 (branded drug), F2 (generic drug), F3
(similar drug) and F4 (compounded drug) in (a) HCl 0.1 mol L–1 at pH 1.2, (b) purified water and (c) PBS at pH
6.8.

unit) from different commercial products avail-
able in the Brazilian pharmaceutical market by
the USP dissolution apparatus 2, as described in
Table 1 from F1 to F4. All evaluated formula-
tions reached the plateau of approximately 85 to
100% of dissolution within 20 min in the three
evaluated dissolution media. These results can
be reported as an immediate release behavior
according to the established pharmacopeical
standards 6,7.

Concerning the dissolution media, formula-
tions F1 to F4 showed usually similar dissolution
profiles. However, formulation F3 exhibited a
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faster dissolution rate in PBS during the initial
period of the experiment. Some differences in
the excipient composition, particularly the lack
of microcrystalline cellulose and the presence of
higher amounts of lactose in F3, associated to a
slightly effect of pH value on the drug dissolu-
tion can explain this result 16-18.

Also regarding the three tested dissolution
media, a slightly faster dissolution rate was ob-
served for SHM capsules studied in HCl 0.1 mol
L–1, followed by aqueous and alkaline buffered
media, respectively (Fig. 1). This feature can be
explained because SHM is a Bronsted-Lowry
base which is a proton acceptor that shows a
higher solubility in acid medium 19.

Mathematical and statistical analyses 
Table 3 resumes the dissolution efficiency

(DE) data calculated from the mean dissolution

Dissolution media
Parameter Formulation

HCl Water PBS

Dissolution F1 91.99 89.13 87.49
efficiency (%) F2 91.16 86.06 88.18

F3 94.11 93.87 89.25
F4 99.40 90.45 73.40

Difference F2 1.53 0.63 0.01
factor (f1)* F3 0.12 0.86 0.87

F4 1.23 1.34 0.15

Similarity F2 68.73 64.41 84.13
factor (f2)* F3 94.95 63.75 55.13

F4 57.66 52.45 71.72

Table 3. Mathematical results obtained from the dis-
solution profiles data for evaluated SHM capsules by
model-independent analyses. * Formulation F1 was
used as reference for f1/f2 factors.

Dissolution media Formulation b TD (min) r MSC

HCl F1 3.35 4.15 0.9994 5.98
F2 1.18 6.31 0.9950 3.94
F3 3.51 4.25 0.9996 6.09
F4 15.29 1.64 0.9991 5.27

Water F1 4.46 6.81 0.9989 5.24
F2 1.20 7.85 0.9967 4.45
F3 0.73 15.52 0.9870 2.91
F4 * * * *

PBS F1 18.66 5.65 0.9980 4.29
F2 3.37 9.27 0.9969 4.24
F3 1.18 8.99 0.9980 4.69
F4 1.68 17.61 0.9960 4.05

Table 4. Calculated parameters obtained from data fitting to Weibull equation of the dissolution profiles for
studied SHM capsules * the biexponencial model was chosen as the best fitting for this condition (see text).

profiles achieved for SHM capsules. Formula-
tions F1, F2 and F3 revealed DE values over
than 85% for the three experimental dissolution
media. Previous papers had been reported that
a high DE was verified for pharmaceutical
dosage forms of immediate release 21,22. Other-
wise, formulation F4 showed the lowest DE
(73.40%) in PBS medium. The lack of lactose in
preparation F4, a high-water soluble excipient
23, can be related to this result.

Results obtained for f1 and f2 are also
showed in Table 3. Values minor than 15 and
superior than 50 were obtained for similarity
(f1) and difference (f2) factors, respectively.

According to the literature 7, these data
showed that no major difference was achieved
on the dissolution profiles of F2, F3 and F4
when compared to F1 for the three dissolution
media. Analysis of variance (ANOVA) corrobo-
rated with these results for f1 and f2 parameters
that indicated no statistical difference among
reference drug and generic, similar and com-
pounded drugs for the evaluated media (p-value
> 0.05) (data not shown).

Except a particular condition (compounded
drug performed in water), dissolution analysis
showed experimental data that were best fitted
by the model-dependent equation of Weibull
(Table 4).

The shape parameter (b) of Weibull plots
characterizes the curve as either exponential (b
= 1), S-shaped with upward curvature followed
by a turning point (b > 1), or as one with a
steeper initial slope than is consistent with the
exponential (b < 1) 24. In general, the calculated
Weibull b parameter was > 1 which indicates a
complex release mechanism with an S-shaped
curve with upward curvature followed by a
turning point.
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The best adjustment for formulation F4 test-
ed in aqueous medium was achieved by the bi-
exponential model resulting in kinetic constants
of α = 0.184 min–1 and β = 0.249 min–1. This
particular result suggests an influence of the ex-
cipient composition on drug release from the
compounded formulation in aqueous medium.
In contrast with other formulations, F4 contains
only colloidal anhydrous silica and microcrys-
talline cellulose as excipients.

Among the studied models, Weibull was
considered a good model once it possessed pa-
rameters that are sensitive to the ranges of the
studied dissolution profiles.

CONCLUSION
SHM capsules obtained from different Brazil-

ian brands showed an immediate release behav-
ior with no statistical differences among the
studied formulations in the three used media.
Obtained dissolution profile was generally ex-
plained by Weibull distribution. This kinetic
model can adequately characterize the dissolu-
tion properties of SHM from commercial cap-
sules. Under certain condition (aqueous medi-
um), the compounded drug differs in its dissolu-
tion behavior concerning to the excipient com-
position.
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