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Summary

The in vitro release kinetics of 8 commercially available controlled-release theophylline preparations were studied at pH 1.0 and
pH 7.5 using the USP dissolution apparatus with the basket and paddle assemblies. The kinetics of the dissolution process were
determined by analyzing the dissolution data using 4 kinetic equations, namely, the zero-order equation, the first-order equation, the
Higuchi square root equation and the Hixson-Crowell cube root law. The results obtained at all the dissolution conditions obey both
the first order and the Higuchi square root equations showing that the dissolution process is diffusion- and dissolution-controlled.
The dissolution process is accompanied by a change in the diffusion pathlength and surface area of the dissolving tablets or beads as
indicated from its fitness to the Hixson—Crowell cube root law. This was further substantiated by plotting the values of the first-order
dissolution rate constant vs the values of the Hixson—Crowell cube root dissolution rate constants where a straight line was obtained
with a slope of approximately one. The results obtained in this work show that the dissolution kinetics of the tested products are
independent of the pH of the dissolution medium or the dissolution method employed.

Introduction Theophylline, a xanthine bronchodilator, is used
in the treatment of both chronic and acute asth-
matic attacks (Buckton et al., 1988). Due to its low
therapeutic index, careful control of its release
from dosage forms has to be ensured. Faulty
formulation may result in the release of large
amounts of theophylline, i.e. dose dumping, and
hence could produce toxic effects (Welling, 1983).

and therefore reducing the frequency of dosing In order to |mprove pat%ent comphe.lnce, several
. ) . ; . CR theophylline preparations are available on the

and improving patient compliance (Robinson, .

1980a) market. These preparations range from eroded

matrix tablets, encapsulated coated beads to com-

pressed coated beads. These forms rely on diffu-
Correspondence: 1. Jalal, Al-Hikma Pharmaceuticals, P.O. Box sion and dissolution as the principal mechanisms
182400, Amman, Jordan. for controlling release.

A number of methods and techniques have
been used in the manufacture of oral controlled-
release (CR) dosage forms. These dosage forms
are designed to deliver the drug at a controlled
and predetermined rate thus maintaining a ther-
apeutically effective concentration of the drug in
the systemic circulation for a long period of time
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Very little work has been done on the compara-
tive in vitro dissolution and in vivo bioavailability
of different theophylline preparations. Simons et
al. (1982) studied the dissolution and bioavailabil-
ity of whole and halved sustained release theo-
phylline tablets. They noted that in the dissolution
studies of whole and halved 100 mg tablets, drug
release from the halved tablet was significantly
higher. These differences, however, were not re-
flected in the in vivo bioavailability studies. Simi-
lar results were reported by Shah et al. (1987).
Buckton et al. (1988) have showed that the diverse
manufacturing techniques employed in the manu-
facture of CR dosage forms give very different
release patterns. They, however, noted that the
release process shows apparent first-order kinetics.

In this work an attempt is made to study the in
vitro release characteristics and kinetics of 8 com-
mercially available CR theophylline preparations.
The kinetics of the dissolution process were studied
by the application of 4 kinetic equations to the
dissolution data, namely, the zero-order, the first-
order, the Higuchi square root and Hixson—Crow-
ell cube root law equations.

Materials and Methods

Materials

The products tested vary from tablets to caps-
ules, and from pH-dependent to pH-independent
formulations; they are listed in Table 1. All the
products were analyzed spectrophotometrically at
270 nm and were found to contain their corre-
sponding label claim.

Methods

Dissolution studies were performed at pH 1.0
(0.1 N HCl) for 4 h and at pH 7.5 (phosphate
buffer) for 7 h or until complete dissolution. Stud-
ies were performed at 50 rpm using 900 ml of the
dissolution medium in a 37°C thermostated water
bath. The USP dissolution apparatus 1 (basket)
and Il (paddle) were used.

Studies were performed in an automated dis-
solution apparatus by placing 6 tablets (or caps-
ules) each in a basket in the dissolution assembly
(QC 72 RB, Hanson Research, Northridge, CA,

U.S.A.). In the paddle assembly, the capsules were
surrounded by a stainless-steel spiral to prevent
their floating. In the studies of halved tablets, the
tablets were carefully cut at the middle score mark
and their weights were checked prior to use.

Automatic sampling was performed at 15 min
intervals where filtered portions from each of the
6 vessels were pumped simultaneously (DN6EB
Dissoscan, Hanson Research, Northridge, CA,
U.S.A)) to a spectrophotometer containing 7 flow
cells (1 mm path length) (Du 57 Uv-Vis spectro-
photometer, Beckman Inst., Fullerton, CA,
U.S.A.). Measurements were performed at 270 nm
vs a standard solution. After the measurements
were performed, the cells were automatically emp-
tied and samples were returned to their respective
vessels. This guaranteed constant volume and con-
stant drug content throughout the dissolution test.

Automatic calculation and plotting of percent
dissolved (M,) versus time (¢) were carried out
using built-in software (Dissolution Soft pack
module, Beckman Inst., Fullerton, CA, U.S.A.).
Percent remaining (M,) was calculated by sub-
tracting M, from the label claim (100%). Each
data point is the average of 6 individual measure-
ments. In all cases, the relative S.ID. was less than
3%.

Results and Discussion

In order to describe the kinetics of the release
process of drugs formulated in CR preparations,
various equations are normally used such as the
zero-order rate equation which describes the sys-
tems where the release rate is independent of the
concentration of the dissolving species (Najib
and Suleiman, 1985). The first-order equation
(Schwartz et al., 1968; Singh et al., 1967; Desai et
al., 1966; Buckton et al., 1988) describes the re-
lease from systems where dissolution rate is de-
pendent on the concentration of the dissolving
species. The Higuchi square root equation (Higuchi
1963) describes the release from systems where the
solid drug is dispersed in an insoluble matrix and
the rate of drug release is related to the rate of
drug diffusion (Baveja et al., 1988; Chemtob et al.,
1986). The Hixson—Crowell cube root law de-



TABLE 1

Types of controlled-release preparations
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No. Name Theo- Manufacturer Form
phylline
content
(mg)
A Broncho-Retard 500 Klinge Pharma, F.R.G. Capsules containing coated beads.
B Broncho-Retard 200 Klinge Pharma, F.R.G. Capsules containing coated beads.
C Theodur 300 Key Pharmaceuticals, U.S.A. Tablets containing coated beads.
D Lasma 300 Pharmax Ltd., U.K. Tablets containing coated beads.
E Slo-Phyllin
Gyrocaps 250 W.H. Rorer, U.S.A. Capsules containing coated beads.
F * Theo-SR 300 Al-Hikma Pharmaceuticals, Jordan.  Round bisect nondisintegrating eroding tablet.
G * Theo-SR 150 Al-Hikma Pharmaceuticals, Jordan. Half of tablet F
H * Theo-SR 500 Al-Hikma Pharmaceuticals, Jordan. Capsule-shaped nondisintegrating eroding tablet.
I* Theo-SR 250 Al-Hikma Pharmaceuticals, Jordan. Half of tablet H
J Nuelin 250 Riker Labs., U.K. Round Convex nondisintegrating eroding tablet.

* The same formulation.

scribes the release from systems where there is a
change in surface area and diameter of the par-
ticles or tablets. Such a change in area and diame-
ter is reflected by a change in the weight of the
particles. The applicability of all of these equa-
tions 1s tested in this work.
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Fig. 1. Dissolution profiles of theophylline products. A (¢);
B () C(@); D (a); E (@); F (0); H(@D); J(a).

The dissolution data obtained for all brands at
pH 7.5 are plotted in accordance with the zero-
order equation i.e. percent dissolved as a function
of time (Fig. 1). It is evident from the figure that
the plots are curvilinear suggesting that the release
process is not zero-order in nature. This indicates
that the dissolution rate of the drug is dependent
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Semilogarithmic plot of percent remained vs time. A (§);
B (O); C(@): D (a); E (m); F (0); H(@): J (2).
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Fig. 3. Percent dissolved vs square root of time. A (¢); B(O):
C(®); D(a); E(m); F (o), H@) J (&)

on the amount of drug available for dissolution
and diffusion from the matrix. The plot also ex-
hibits a large degree of brand-to-brand variation
ranging from product E which release almost 100%
of its contents in 2 h to product C which release
only 20% of its contents in 5 h. This difference in
the release characteristics is due to formulation
differences between the tested products. In the
case of preparations of the same brand but differ-
ent drug load, e.g. products A and B, the release
was greater in the case of product A showing the
dependency of the release rate on the matrix drug
load.

The dissolution data of all brands at pH 7.5 are
plotted in accordance with the first order equa-
tion, i.e. the logarithm of the percent remained as
a function of time (Fig. 2). 1t 1s evident from the
figure that a linear relationship was obtained for
all brands showing that the release is an apparent
first-order process. This indicates that the amount
of drug released is dependent on the matrix drug
load.

The dissolution results at pH 7.5 (Fig. 3) are
plotted in accordance with the Higuchi square
root equation, i.e., percent dissolved as a function
of the square root of time. A linear relationship is
obtained after an initial lag time has lapsed in all
cases. This lag time is a measure of the time
needed by the drug to diffuse from the matrix
interior through the boundary layer and then to
the dissolution medium. The linearity of the plots
indicates that the release process is diffusion-con-
trolled.
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Fig. 4. A plot of cube root of initial concentration ( M, ) minus
cube root of concentration remained (M,) vs time. A (§);
B () C(@): D (a); E (w); F (0); H(@):; T (a).
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Fig. 5. Semilogarithmic plot of percent remained vs time for

product H under different dissolution conditions. Basket,

pH 1 (m); paddle, pH 1 (®); basket, pH 7.5 (O); paddle,
pH 7.5 (0).
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The dissolution data are also plotted in accor-
dance with the Hixson-Crowell cube root law, i.e.
the cube root of the initial concentration minus
the cube root of percent remained, as a function
of time. Fig. 4 indicates that a linear relationship
was obtained in all cases. A small non-zero inter-
cept was noticed in most of the plots. This is not,
however, unexpected since the particles are not
isometric. Such a non-zero intercept was reported
earlier (Carstensen and Patel, 1975).

The dissolution kinetics of whole vs halved
tablets (Table 2; products F--1) were almost simi-
lar regardless of the pH or the dissolution condi-
tions. This is not surprising since they all have the
same basic formulation as mentioned in Materials
and Methods. On the other hand, the dissolution
kinetics of products A and B are not similar which
reflects a difference in the basic formulation.

The dissolution data at pH 1.0 behave in a
similar fashion as those at pH 7.5. As shown in
Table 2, the data at pH 1.0 are linear when plotted
according to the first-order, the Higuchi square
root and the Hixson—Crowell Cube root equations
(Figs. 5-7). It is interesting to note that at pH 7.5,
larger differences are noticed between products
than at pH 1.0. For example, the ratio of the first
order dissolution rate constant of product E to
product C is 24 at pH 7.5 (basket) and 4 at pH 1.0
(basket). This is due to the large increase in the
dissolution rate of the pH-dependent product E at
pH 7.5.

The dissolution of all the tested brands was
also performed in the paddle assembly and results

Fig. 6. Percent dissolved vs square root of time for product H
under different dissolution conditions. Basket, pH 1 (M); pad-
dle, pH 1 (®); basket, pH 7.5 (O); paddle, pH 7.5 (0).
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Fig. 7. A plot of cube root of initial concentration ( M_) minus

cube root of concentration remained (M) vs time for product

H under different dissolution conditions. Basket, pH 1 (®@);
paddle, pH 1 (B); basket, pH 7.5 (O); paddle, pH 7.5 (0).

obtained are shown in Table 2. It is evident from
the Table that the same profiles of dissolution
kinetics exist. Furthermore, the dissolution rates
obtained at pH 1.0 in the paddle assembly are
similar to those obtained in the basket assembly.
However, at pH 7.5 and in the pH-dependent
products, the paddle dissolution rates are larger
than their corresponding basket dissolution rates
(Table 2, products F-J). This is attributed to the
fact that in the paddle assembly, the dissolution
medium is more easily accessible to the drug ma-
trix than in the basket assembly.

The effects of the dissolution conditions on the
same product are better observed in Figs. 5-7,
where the dissolution conditions affect the dis-
solution rate in the same magnitude regardless of
the kinetic manipulation of the data.

It is important to mention that the slopes ob-
tained from the Higuchi square root plots were
higher than those obtained from the first-order or
Hixson—Crowell plots. This is attributed to using
the square root of time in the Higuchi plots. It is
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interesting to note that the dissolution rate con-
stants obtained from the first-order plots were
similar to those obtained from the Hixson-Crowell
plots.

The relationship between the first-order dis-
solution rate constant (K,;) and the Hixson-
Crowell cube root dissolution rate constant ( K;)
is best illustrated by plotting K, vs K5 for all the
experimental conditions (Fig. 8). Needless to say
that a linear relationship was obtained in the
following equation:

K, = —0.0007 + 1.050 K, (r=0.987; n=40)

This equation suggests that the slope of the K,- K,
plot is approximately one and the line passes
through the origin.

From the results obtained in this work it can be
concluded that a significant variation exists in the
in vitro release pattern of theophylline from the
tested commercially available CR formulations.
The release process for all brands is dependent on
pH and for any one product on the matrix drug
load.

The analysis of the dissolution kinetic data was
carried out by the application of the zero-order,
first-order, the Higuchi square root and Hixson—
Crowell cube root law equations.

The inapplicability of the zero-order equation
to the dissolution data shows that the release
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process is dependent on the matrix drug load. The
applicability of the first order and the Higuchi
square root equations shows that the release pro-
cess is diffusion- and dissolution-controlled. The
applicability of the Hixson—Crowell cube root law
to the dissolution data indicates that during the
dissolution process there is an alteration in the
surface area and diameter of the matrix system as
well as in the diffusion pathlength from the matrix
drug load.

A linear relationship with a slope of approxi-
mately 1 was obtained when the first-order dis-
solution rate constants were plotted against the
Hixson-Crowell cube root dissolution rate con-
stants. This shows that the change in surface area,
diameter of the dissolving particles or tablets and
the change in diffusion pathlength during the dis-
solution process follow the cube root law. It ap-
pears therefore that, in such situations, both the
first-order equation and the Hixson—Crowell cube
root law can best describe the kinetics of the
dissolution process of theophylline from all the
tested products. Such kinetic profiles are indepen-
dent of the pH of the dissolution medium or the
dissolution methodology.
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