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Abstract

Objectives This study was undertaken to investigate the effect of d-alpha-tocopheryl
polyethylene glycol 1000 succinate (vitamin E TPGS) on the dissolution of carbamazepine
(CBZ) commercial tablets (Tegretol®) as a function of temperature and to modify the
reaction-limited model of dissolution for the description of classical supersaturated disso-
lution data.
Methods Solubility studies were performed using various concentrations of (i) TPGS
and (ii) silicon dioxide and microcrystalline cellulose, which are excipients of Tegretol® at
10, 25 and 37°C. Dissolution studies were carried out using Tegretol® tablets, 200 mg/tab.
Key findings The solubility of CBZ in the presence of TPGS was found to increase in a
concentration-dependent manner at all temperatures studied. Classical supersaturated dis-
solution curves with concentration maxima higher than the corresponding solubility values
in the presence of TPGS were observed only at 10°C. The model developed was based on
a time-dependant expression for the forward microconstant of the CBZ-TPGS reaction at
the solid–liquid interface and it was fitted successfully to the dissolution data of CBZ in
the presence of TPGS at 10°C.
Conclusions Vitamin E TPGS increased the solubility of CBZ at all temperatures studied.
The modification of the reaction-limited model of dissolution allowed us to describe
classical supersaturated dissolution curves.
Keywords carbamazepine; dissolution; solubility; supersaturation; vitamin E TPGS

Introduction

Drug dissolution is a critical process for almost all orally administered drug products. It sets
quality control standards for drug delivery, specifications for research when designing
dosage forms and since 1980 there has been an emphasis on dissolution as a prognostic tool
of oral drug absorption. The paddle apparatus is the most commonly used, and numerous
dissolution tests have been performed in order to characterize the release of drug from
formulation. The majority of dissolution profiles are of monotonic nature, with an initial
increase of drug dissolution that reaches a plateau value at a certain time point. This value
indicates either a saturation level or 100% dissolution (release).

As more and more poorly water-soluble compounds are being produced, leading to
problematic biopharmaceutical properties, many approaches have been developed to
improve the solubility and dissolution rate of these substances. Modifications to the drug
substance or to the physicochemical properties of the formulation have been adopted to
achieve better drug solubility.[1] Cogrinding or comelting a compound with surfactants, such
as sodium lauryl sulphate, hydroxypropyl methyl cellulose or polyvinylpyrolidone, is also
very popular. These techniques often result in increased solubility for the poorly soluble
compounds and in unusual supersaturated, non-monotonic dissolution profiles.[2–8] In-vitro
solubility studies demonstrate solubility values after the addition of surfactants or polymers
that are many times higher than the aqueous solubility of the compound alone.[9–12]

There are studies showing the creation of supersaturated solutions in aspirated human
intestinal fluids.[13–16] Studies dealing with supersaturated dissolution data for poorly water-
soluble drugs are divided into two categories, which are discussed below.

In the first set of the studies, the preparation of a high-energy metastable form of the drug
in an amorphous or semicrystalline state is described.[17–19] Usually, the solubility of the
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amorphous polymorphs is much higher than that of its crys-
talline form.[18] This results in an increased dissolution rate
and an enhancement of bioavailabity.[20,21] However, it is not
uncommon to observe a progressive diminution of drug con-
centration during the dissolution process due to the kinetic
instability of the high-energy amorphous drug.[21,22] This type
of study of the enhanced-solubility dissolution rate is rou-
tinely explained via the increased solubility of the drug Cs

in accord with the Noyes–Whitney equation:
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where D is the diffusivity, A is the specific area of the
particles, h is the diffusion layer path length in the boundary
layer about the particle, and C is the concentration of drug in
solution at time t.

In the second set of studies, the dissolution of poorly
soluble drugs is studied in the presence of various additives,
e.g. surfactant agents, polymers and food constituents.[21–24] A
very high initial dissolution rate is usually observed, which
leads to concentration values higher than the solubility level.
When these higher-than-saturation solubility values are main-
tained and are justified by independent solubility experiments
in the presence of additives, the high rate of dissolution can
be explained on the basis of Equation 1. However, in several
studies the supersaturated levels subsequently relax towards
the saturation solubility.[21–26] This type of non-monotonic dis-
solution curve cannot be explained using the classical diffu-
sion layer model (Equation 1).

A small number of modelling approaches have been pro-
posed so far for the analysis of supersaturated data.[27–31]

However, only one of them relies on the prevailing diffusion
layer model for the description of the initial portion of the
dissolution curve followed by a precipitation step.[30]

Most of the dissolution studies dealing with super-
saturated phenomena are usually carried out with either the
pure drug or the pure drug in the presence of additives.
For example, the dissolution of pure carbamazepine
(CBZ) exhibits supersaturation behaviour due to the transi-
tion between its polymorphs, and it has been the subject of
several studies.[28,32,33] However, this type of study does not
deal with the potential effect of excipients in the solubility–
dissolution drug profile. Hence, the main purpose of the
present study was to elucidate the complexity of CBZ dis-
solution in the presence of d-alpha-tocopheryl polyethylene
glycol 1000 succinate (vitamin E TPGS) using commercially
available CBZ tablets. TPGS is a non-ionic surfactant
(hydrophilic–lipophilic balance (HLB) ~13), which has been
found to enhance the solubility and absorption of poorly
water-soluble drugs.[34,35] Solubility studies of pure CBZ
were therefore carried out in the presence of TPGS and
excipients, with various TPGS concentrations and tempera-
tures. In addition, dissolution studies of the commercial
tablets of CBZ were carried out, in the same TPGS concen-
trations and temperatures, as in solubility studies.

In order to investigate the potential effect of TPGS and
excipients on CBZ’s solubility–dissolution behaviour as a
function of time, the dissolution experiments were performed

for a much longer time (i.e. 48 h) than usual. Finally, another
purpose of the present study was to develop a new model for
interpreting classical supersaturated data.

Materials and Methods

Materials
CBZ powder was obtained from Novartis (ID: 002183.4,
Novartis, Hellas) and Tegretol® tablets 200 mg/tab (Lot
#E97L2287) were also obtained from Novartis. vitamin E
TPGS (national formulary (NF)), was kindly provided by
Eastman Chemical Company, Anglesey, UK (Batch
#68104000, UK). Microcrystalline cellulose NF (Avicel®)
was obtained from FMC BioPolymer (Lot #60706C, Ireland).
Colloidal silicon dioxide USP/NF (Aerosil® 200 Pharma) was
from Degussa (Bulk #3.8014.00001.00, Germany). Acetoni-
trile and methanol of HPLC grade were from E. Merck
(Darmstad, Germany). Water purified with Labconco Water
PRO PS system (Kansas City, MO). All other chemicals were
of analytical grade.

Solubility studies of carbamazepine
Solubility and dissolution studies of CBZ were performed
in the presence of vitamin E TPGS, a surfactant with
amphiphilic properties (HLB ~13), which is a water-soluble
derivative of natural source vitamin E.

More specifically, solubility studies of CBZ were per-
formed at various concentrations of vitamin E TPGS (0, 0.5,
2.0 and 4.0 mm), at 10, 25 and 37°C, under a constant shaking
rate of 50 rpm, for 24 h. These studies were conducted prior to
the dissolution experiments, using the same aqueous media as
in the dissolution studies. In addition, solubility studies in the
absence and presence of silicon dioxide and microcrystalline
cellulose, which are excipients of the Tegretol® formulation,
were also performed at the same conditions as described above.
The amount of colloidal silicon dioxide added to the aqueous
medium was 0.35 and 0.70 mg, while that of microcrystalline
cellulose was 40 and 70 mg; these values correspond to those
usually encountered in the actual excipient ranges of commer-
cial tablets. Initial solubility studies were performed in order to
determine the time that equilibrium solubility was achieved.
The results indicated that the equilibrium is achieved at 24 h.
The experimental procedure in all cases was as follows: 5 mg
of CBZ powder was added to a 25 ml flask containing 15 ml of
the appropriate aqueous medium. The flasks were placed in
a thermostated water bath at 10, 25 and 37°C under constant
shaking rate of 50 rpm for 24 h. The sample was filtrated
through regenerated cellulose filter (17 mm, 0.45 mm Titan®,
Wilmington, DE). The first 0.2 ml was discarded in order to
saturate the filter with the drug.

Dissolution studies of carbamazepine
Dissolution studies were carried out using a commercially
available formulation of CBZ (Tegretol®), 200 mg/tab. All
dissolution tests were performed using the USP II apparatus
(paddle method) and were conducted in triplicate at 10, 25 and
37°C (�0.5°C). Dissolution experiments were performed
using as dissolution media, 500 ml of aqueous TPGS solution
in various concentrations: 0, 0.5, 2 and 4 mm. TPGS is an
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excipient that is not present in the commercial tablet of CBZ
(Tegretol®). The rotation speed was set at 50 rpm. A 5 ml
sample was withdrawn at 5, 10, 15, 20, 25, 30, 45, 60, 90, 120,
150 min, 6, 24 and 48 h. Each sample was replaced with fresh
dissolution medium. A syringe with a stainless-steel cannula
was used to draw up the test solution. The sample was filtrated
through a regenerated cellulose syringe filter (17 mm,
0.45 mm Titan®, Wilmington, DE). The first 0.2 ml was dis-
carded in order to saturate the filter with the drug.

Drug analysis
The chromatography system used was an HPLC from GBC
Scientific Equipment Pty Ltd (Melbourne, Australia) consisting
of a LC 1120 HPLC pump solvent delivery system, an LC 1210
UV/Vis Detector and Clarity® chromatographic software. An
isocratic HPLC method with detection at 285 nm was applied
for CBZ assay. The mobile phase consisted of acetonitrile–
H2O at a volume ratio of 65 : 35 v/v. The flow rate was 1 ml/min,
and the column type was Bischoff® ODS2 RP-C18
(250 mm ¥ 4.6 mm, 5 mm particle size). The elution time for
CBZ was approximately 3.6 min. Injection volume was 50 ml.

The reaction-limited model of dissolution
A reaction-limited model of dissolution was postulated during
the initial physicochemical era of dissolution work, long time
ago before the interest for drug dissolution arose. As early
as 1933 Miyamoto explained the classical Noyes–Whitney
relationship using Boltzman’s thermodynamic principles.[36]

Because of the lack of a solid mathematical description, the
use of the reaction-limited model of dissolution was confined
to the rotating disk apparatus, whereas hydrodynamic condi-
tions are fully controlled. In fact, the contribution of the
two concurrent mechanisms, namely, the interfacial transport
and the diffusion of species through the stagnant layer of
the particle, to the overall dissolution is dependent on the
hydrodynamic conditions.[37] One of the two dissolution
mechanisms becomes predominant at either of the two
extremes (low and high) of agitation.[37]

Recently, a reaction-limited model was developed and
found to be capable of a description of dissolution data of
official dissolution tests.[29] The model relies on the bidirec-
tional chemical reaction of the solid species s with n free
solvent molecules w, yielding the dissolved species of the
drug complex with solvent c:

s n w c
k

k

+
⎯ →⎯
← ⎯⎯

−

1

1

(2)

where k1 and k–1 are the forwards and backwards microcon-
stants. The major characteristic of this model is that the rate of
dissolution is not governed by the saturation solubility. The
saturation solubility of the drug in the dissolution medium, Cs,
is the result of the chemical equilibrium of Equation 2 and
corresponds to the concentration at steady state, Css, when the
drug dose, M0, is in excess:
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where V is the volume of the dissolution medium and k1
* is a

composite rate constant related to k1.[27]

Statistical analysis
The effect of vitamin E TPGS on CBZ solubility and
maximum dissolution concentration, at the three different
temperatures, was examined statistically by paired t-test,
since the normality test was passed in all cases. A significance
level of P < 0.05 denoted significance in all cases. All solu-
bility and dissolution studies were performed in triplicate.
Statistical analysis was performed using SigmaStat 2.03
statistical software (SPSS Inc.).

Fittings of the model of Equations 4 and 6 were performed
using the routine ‘lsqnonlin’ in MATLAB, while the standard
errors of the parameter estimates were calculated using
the Fisher Information Matrix, also in MATLAB, and were
expressed as coefficients of variation (CV).

Results

CBZ’s dissolution profiles in water, in the presence and
absence of TPGS, at 10, 25 and 37°C, are shown in
Figures 1–3. The inserts in these figures show the dissolution
profiles up to 2.5 h. Estimates for CBZ saturation solubility in
the same media and at the same temperatures as the dissolu-
tion experiments, are listed in Table 1. For comparative pur-
poses, the maximum concentration values observed in the
dissolution experiments are also listed in Table 1. Figure 4
provides a pictorial view of the relationship between the satu-
ration solubility and the maximum concentration values
recorded in the dissolution experiments in the absence and
presence of TPGS at the three temperatures studied. The
results from the solubility studies that were performed in
the presence of the two excipients, either microcrystalline
cellulose or silicon dioxide, are listed in Table 2.

Discussion

The description of the dissolution behaviour of CBZ tablets in
the presence of a surfactant, at various temperatures, is very
complex. It is not only CBZ’s polymorphism[36] that makes
this description complicated (Figures 1–3): the time- and
temperature-dependent effects of the excipients and the
surfactant (TPGS), which supplement micelle-mediated dis-
solution, result in complicated dissolution profiles.

CBZ has four known anhydrous polymorphic forms and
a dihydrate.[38] The commercial form of CBZ is form III
(P-monoclinic), which converts to a less soluble, dihydrate
form.[32,39] Recently, the transformations of form III were
investigated.[40] This study revealed CBZ’s conversion stages
from the anhydrous to the dihydrate form.[40] Initially, there is
a pre-transformation stage, which is followed by a transfor-
mation stage and a steep diminution resulting in a steady-state
stage of CBZ, in which both forms exist (i.e. it is not 100%
converted to hydrate form).[33,40] The duration of the trans-
formation stage is highly affected by surfactants: in their
absence, the steady state is reached after 13 h, while in the
presence of surfactants this time is significantly reduced
(7.4 h). This conclusion is in agreement with the pattern of
the dissolution profiles observed in our study at the same
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temperature (25°C; Figure 2). In this work, dissolution studies
were carried out with a commercially available formulation of
CBZ (Tegretol®), in a medium with various concentrations
of surfactant (TPGS), and a shorter transformation stage was
expected. In fact, this shorter transformation stage was
observed and is clearly depicted in the dissolution profile at
6 h (25°C; Figure 2).

More specifically, at 25°C, all four dissolution profiles
exhibited the same pattern up to 6 h, i.e. CBZ concentrations
increase up to 2.5 h and then decrease rapidly between 2.5 and
6 h (Figure 2). After this time point CBZ concentrations
remain constant in the presence of 0, 0.5 mm TPGS, while
CBZ concentrations increase again in the presence of 2 and
4 mm of TPGS. CBZ’s dissolution maximum concentration in
the presence of 4 mm TPGS was 70% higher than the disso-

lution maximum concentration in the absence of the surfactant
and 157% higher than CBZ’s aqueous solubility at 25°C
(104.9 � 6.21 mg/ml; Figure 4). These increases are 50% less
than the ones observed at 10°C. These results indicate that
TPGS at 25°C affects the dissolution kinetics of CBZ in a less
concentration-dependent manner than at 10°C (Figures 1, 2
and 4). In all these cases, statistical comparisons resulted in
statistically significant differences.

In the dissolution studies performed in the presence of
TPGS at 10°C, the dissolution pattern that was observed was
similar to the one at 25°C. A steady-state value was reached at
48 h following a smooth concentration diminution after the
peak concentration, which was observed between 2.5–6 h
(Figure 1) but no re-increase of the concentration was
observed. On the contrary, in the absence of TPGS at 10°C,
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Figure 1 Dissolution profile of Tegretol® tablets in the absence (�) and presence of 0.5 (o), 2 (�) and 4 (D) mm of TPGS at 10°C. The insert shows
the first 2.5 h.
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CBZ concentration declined between 2.5 and 6 h, followed
by a gradual increase (Figure 1). These results clearly
demonstrate that TPGS at 10°C dramatically affects the disso-
lution kinetics of CBZ, and in a concentration-dependent
manner (Figures 1 and 4). In fact, the maximum CBZ concen-
tration observed in the dissolution studies in the presence
of 4 mm TPGS, increased by up to 147% compared to the
dissolution concentration maximum in the absence of the
surfactant, and up to 292% compared to CBZ’s aqueous solu-
bility at 10°C (Figure 4). In other words, TPGS facilitates the

initial dissolution rate of CBZ by reducing the energy barrier
for the interfacial transport of CBZ molecules from the solid to
the aqueous phase, resulting in high concentration dissolution
maxima. This effect seems to be more intense and patent at
10°C. It is well known that hydrophobic interactions become
predominant in binding phenomena at low temperatures.[41]

This type of interactions seem to operate at the solid–liquid
interface at 10°C. These observations are also in accord with
the minor effect of excipients on CBZ solubility at 10°C. Thus,
CBZ’s solubility is increased only 8.8% (66.48 � 2.22 mg/ml)
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Figure 2 Dissolution profile of Tegretol® tablets in the absence (�) and presence of 0.5 (o), 2 (�) and 4 (D) mm of TPGS at 25°C. The insert shows
the first 2.5 h.
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in the presence of 40 mg microcrystalline cellulose and
19.1% (72.8 � 2.1 mg/ml) in the presence of 0.70 mg of silicon
dioxide, respectively, compared to CBZ’s aqueous solubility
(61.1 � 1.5 mg/ml; Table 2).

These results indicate that the effect of TPGS on the inter-
facial transport of CBZ molecules from the solid to the
aqueous phase, observed at 10°C, seems also to operate at
25°C. However, its contribution towards the increase of the
CBZ dissolution rate and the dissolution maximum is less
important at 25°C, if one takes into account that the effect
of excipients (Table 2) as well as 2 and 4 mm TPGS (Table 1
and Figure 4) on CBZ solubility cannot be ignored.

The dissolution results obtained at 37°C (Figure 3)
are dissimilar to the data recorded at 10°C and 25°C
(Figures 1 and 2). Thus, the transition between the poly-
morphs can be hardly seen between 3 and 6 h for the dis-
solution data carried out in 0.5 and 2 mm TPGS. The effect
of TPGS on the CBZ dissolution rate is not any more
concentration-dependent, and mirrors the effect of TPGS
on CBZ solubility. This observation can be explained on
the basis of the parallel lying of data points relative to the
concordance line of Figure 4. Besides this, there is an
appreciable effect of the excipients on CBZ solubility
(Table 2).
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Figure 3 Dissolution profile of Tegretol® tablets in the absence (�) and presence of 0.5 (o), 2 (�) and 4 (D) mm of TPGS at 37°C. The insert shows
the first 2.5 h.

Table 1 Carbamazepine’s saturation solubility (Cs) and maximum concentration (Cmax) observed in dissolution experiments in the presence and
absence of TPGS at 10, 25 and 37°C

TPGSmm 10°C 25°C 37°C

Cs � SD (mg/ml) Cmax � SD (mg/ml) Cs � SD (mg/ml) Cmax � SD (mg/ml) Cs � SD (mg/ml) Cmax � SD (mg/ml)

0 61.1 � 1.5 97.1 � 1.0 104.9 � 6.21 149.02 � 0.13 186.18 � 10.61 268.94 � 2.01
0.5 64.63 � 8.65 114.19 � 0.75 111.81 � 7.35 199.65 � 1.1 202.09 � 1.3 283.69 � 3.7
2 67.23 � 6.63 171.11 � 1.35 165.8 � 9.25 230.38 � 0.95 274.24 � 5.81 378 � 4.7
4 89.9 � 8.33 240.08 � 2.66 158.55 � 2.97 269.99 � 1.4 312.29 � 11.05 398.96 � 1.5
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The various processes involved in the dissolution of CBZ
tablets in the presence of TPGS are multiple and complex.
Figure 5 illustrates a proposed model describing the equilibria
of CBZ in aqueous solution containing a surfactant (TPGS).
Initially, the CBZ tablet disintegrates and the drug and the
SiO2 and microcrystalline cellulose particles are released. The
dissolution of drug particles to CBZ dissolved species (anhy-
drous polymorph) is followed by: (i) transition to dihydrated
form, (ii) adsorption to undissolved species and (iii) micelli-
zation. These processes occur simultaneously while some of

them are reversible (Figure 5). In fact, the initial anhydrous
form of CBZ is transformed to the dihydrate form (more
stable), but as this conversion is incomplete,[40] in the final
solution both forms (anhydrous and dihydrated) co-exist. It
should be noted that the critical micelle concentration of
TPGS is 0.132 mm at 37°C,[42] which is below the concentra-
tion range used in this study. The relative importance of
kinetics/dynamics for each one of the phenomena depicted in
Figure 5 is not only dependent on TPGS concentration used,
but also on the temperature of the experiments. At 10°C, in the
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Figure 4 Maximum CBZ concentrations observed in dissolution experiments as a function of saturation solubility. The dashed line is the concor-
dance line. H2O (�), 0.5 mm TPGS (�), 2 mm TPGS (�) and 4 mm TPGS (D). Data shown as mean � SD in all graphs.

Table 2 Carbamazepine’s saturation solubility (Cs) in the presence of microcrystalline cellulose or silicon dioxide at 10, 25 and 37°C

Excipient Cs � SD (10°C)
(mg/ml)

Cs � SD (25°C)
(mg/ml)

Cs � SD (37°C)
(mg/ml)

Microcrystalline cellulose (mg)
40 66.48 � 2.22 149.62 � 1.68 246.9 � 0.71
70 63.93 � 2.43 135.48 � 3.72 237.14 � 3.28

Silicon dioxide (mg)
0.35 69.9 � 0.9 143.25 � 8.73 248.21 � 6.46
0.70 72.8 � 2.1 135.22 � 3.21 243.84 � 3.67
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absence of TPGS, transformation between the polymorphs
seems to be terminated at 6 h. Then, an increase of CBZ
concentration follows (Figure 1), resulting from changes in
the equilibria of adsorption–desorption of CBZ in the solid
particles of the excipients (Figure 5). The dissolution data at
10°C in the presence of 0.5, 2 and 4 mm TPGS follow the
classical pattern of supersaturated dissolution curves
(Figure 1). Since the effect of TPGS on dissolution concen-
tration maxima is concentration-dependent (Figure 4) the
kinetics of CBZ dissolution can be explained with a reaction-
limited model (Equation 2), with the TPGS molecules playing
the role of reaction species, as explained in the previous
section. Thus, the rate of the dissolution process for the
reaction-limited model of dissolution based on Equation 2 is
given by the velocity of the unidirectional reaction:[29]

dC

dt
k

M

V
C k C= −⎛

⎝⎜
⎞
⎠⎟ − −1

0
1

*
a

(4)

where C is the concentration of the dissolved drug,
k1* = k1[w0]b, M0 is the initial quantity (dose) in mass units,
a and b are constants related to stoichiometry of the reaction
and also to the geometry of the particles and [w0] is the
concentration of the free TPGS at t = 0.

Although in the original work,[29] k1* was assumed to be
constant, a time-dependent expression of the following form
may also be appropriate:

k K t h
1
* = ⋅ − (5)

where K is a constant in (time)h–1 units. Expressions of this
form have been used previously to account for time-variable
rate coefficients, due to understirring and crowding in the
microenvironment of the reaction.[43,44] This approach is often
referred to as fractal kinetics[43] and has implications and
physical meaning beyond an empirical time-dependent coef-
ficient. For the purposes of the this study, Equation 5 can
be also considered appropriate, not only for the topological
constraints in the solid–liquid interface, but also for the solu-
bility changes during dissolution due to time-dependent tran-
sitions in pharmaceutical polymorphs. In order to avoid
infinity at time zero, an expression similar to Equation 5 is
considered:

k K t h
1 1* ( ( ) )= + + −λ (6)

where l is a constant, in (time)–h units, preventing the entire
expression from approaching zero for large times. As far as
precipitation is concerned (Figure 5), this has been described
as a first-order process governed by the first-order rate con-
stant k–1 (Equation 4).

Equations 4 to 6 describe a dissolution process in which
the solubility, as given by Equation 3, is initially higher and
drops with time. Equations 4–6 were fitted to the experimental
data of CBZ in the presence of 0.5, 2 and 4 mm TPGS at 10°C.
Due to the high correlation of parameters K and a, which
made the fit of Equations 4–6 to experimental data unstable,
parameter a was fixed to 1 to improve the stability and con-
vergence of the regression analysis. Parameter estimates are
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Figure 5 The various processes involved in the dissolution of CBZ tablets in the presence of TPGS.
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tabulated, together with the respective coefficients of variation
(CV) values, in Table 3. In Figure 6 the profiles of the fitted
model are plotted together with the data points, demonstrat-
ing visually that the model adequately describes the data.
Although the fundamental parameter k1

* of the model is time-
dependent (Equation 5), an estimate can be derived from
Equation 4 at tmax using a = 1 and dC/dt = 0:

0 1
0

1= −⎛
⎝⎜

⎞
⎠⎟ − −k

M

V
C k Ct max

*
max max (7)

which leads to:

( ) /*
max max maxk k C

M

V
Ct1 1

0= −⎛
⎝⎜

⎞
⎠⎟− (8)

Using the estimates for k–1 listed in Table 3 and the Cmax values
listed in Table 1, the estimates 3.5, 2.2 and 1.2 10-3/min for
(k1*)tmax were derived from Equation 8 for 0.5, 2.0 and 4.0 mm
TPGS, respectively. This indicates that estimates for the prin-
cipal parameter controlling the reaction-limited model of drug
dissolution, k1

*, cannot only be obtained from typical dissolu-
tion data of a monotonic nature,[29] but also from classical
supersaturated dissolution curves. This finding allows one not
only to quantify and rank dissolution data of marketed drugs
for biopharmaceutical classification purposes but also to
utilize dissolution specifications of the compendia for com-
parative purposes. Work in this direction is now in progress in
our laboratory.

Conclusions

Overall, vitamin E TPGS increased the solubility and disso-
lution rate of CBZ at all temperatures studied. The pattern of
the dissolution curves varies with temperature and mirrors
the dynamics of the various processes and equilibria involved
(Figure 5). The modification of the reaction-limited model of
dissolution[29] allowed us to describe classical supersaturated
dissolution curves mathematically. Since the mechanism
of drug dissolution in the gastrointestinal tract may exhibit
departures from a classic diffusion-limited dissolution pro-
cess,[45] the proposed reaction-limited model may have certain
advantages. This is particularly so if one takes into account
that recent reports in the literature[14] indicate that in vivo
dissolution conditions favour supersaturated drug solutions.
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