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ABSTRACT

The objectives of the present study are to develop novel sustained release matrix tablets of theophylline and to
evaluate release properties and kinetic behaviour of these tablets. The formulations have been prepared in order
to improve their dissolution properties in terms of providing better oral absorption of theophylline. Therefore, the
effects of the components’ nature and their proportion in the release rate were investigated. Theophylline loaded
tablets were prepared with direct compression using Compritol® ATO 33 and Hydroxypropyl methylcellulose
(HPMC E, ) with different amounts and then they were evaluated for their in vitro drug release profiles. According
the evaluation of drug release profiles, it has seen that Compritol® ATO 33 and HPMC-E50 ratio changed the
release profile of theophylline. The dissolution of tablets was determined by using USP XXIII dissolution testing
apparatus Il. Matrix tablets were carried out in pH 4.5 phosphate buffer, as dissolution medium, for 8 h. Te-3,
Te-4 and Te-7 formulations ensure the criteria of The United States Pharmacopeia XXIII for theophylline extended
release capsules (Test 2 criteria, apparatus IlI). The release data fitted to various mathematical models such as,
zero order, first order, Higuchi, Hixson Crowell and Korsmeyer-Peppas for the evaluation of the kinetics and
mechanism of the drug release. The release mechanism of matrix tablets followed first order release kinetics. The
results of the study indicate that new matrix tablets can be promising alternative for the other oral formulations
of theophylline.
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INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) has become an increasingly impor-
tant cause of morbidity and mortality,
pathological features of which are pulmo-
nary inflammation and irreversible airflow
obstruction." Furthermore, it is predicted
that COPD will become the third most
common cause of death and the fifth most
common cause of disability in the world by
the year 2020.> COPD is characterized by
airflow obstruction and various symptoms
such as chronic cough, expectoration, exer-
tional dyspnea and wheezing.’®

Although xanthines such as theophylline
have been used in the treatment of respi-
ratory diseases such as asthma and COPD
since the 1930s, they declined in popularity

due to the introduction of other classes of
drugs, particularly the inhaled long acting
b2-adrenoceptor agonists and glucocortico-
steroids.* Theophylline is a methylxanthine
type of drug which is clinically used as bron-
chodilator generally in form of oral formu-
lations.” Due to its action as non-selective
inhibitor of cyclic nucleotide phosphodi-
esterases causing relaxation of the airway
smooth muscle cells, it is used for the treat-
ment of asthma and COPD.® In addition,
theophylline (Figure 1) has showninhibit-
ing the activity of a cyclic 3, 5” nucleotide
phosphodiesterase with a Ki of 100 mM
and it has been suggested that this activity
can contribute to its ability of promoting
suppressor cell activity in lymphocytes and
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its beneficial anti-inflammatory actions in patients with
asthma and COPD.’

Oral drug administration has been the predominant
route for drug delivery for years. It is known as the most
popular route of drug administration due to the fact that
the gastrointestinal physiology offers more flexibility
in designing dosage forms than most of the other
routes.*” A major challenge for drug development is to
produce harmless and effective drugs, therefore properties
of drugs and the way in which they are delivered must
be optimized."” A controlled release drug delivery system
delivers the drug locally or systemically at a predeter-
mined rate for a specified petiod of time."" The goal
of such systems is to provide desirable delivery profiles
that can achieve therapeutic plasma levels.”

Matrix type tablet formulations are prepared from either
swellable hydrophilic polymers or non-swellable lipo-
philic excipients, like waxes and lipids. The use of lipid
and wax matrix seems to have particular advantages
due to their chemical inertness against other materials,
better characterization of lipidic excipients and formu-
lation versatility and the choices of different drug
delivery systems provided by them.'” Recently, much
attention has been paidto the usage of Gelucires as
carriers informulations of controlled-release drug
delivery systems. In particular, Compritol or glyceryl
behenate can be used as glyceride base for the preparation
of controlled-release dosage forms."

Theophylline is a methyl xanthine derivative with a narrow
therapeutic index, in other words, there is a very close
associationamong the plasma concentrations of this
drug and its toxic and therapeutic effects.'* Thus the
purpose of the present study was to develop new
sustained release tablets of theophylline meeting the
USP Drug Release Test 2 criteria for theophylline
extended release capsules” for oral delivery treatment
of COPD. The other aim was to evaluate the drug
release mechanisms of these tablets. For this purpose,
tablets were prepared with Compritol (ATO 33) and
hydroxypropyl methylcellulose (HPMC-E50) in order to
improve performance of the drug in the treatment of
chronic obstructive pulmonary disease. Moreover, the
in vitro release patterns and kinetic evaluations of theo-
phylline from the formulated tablets were studied over
the sustained release petiod.

MATERIALS AND METHODS
Materials

Theophylline anhydrous was supplied by Dolder,
Switzerland. Compritol (ATO 33) was a kind gift from
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Gattefosse, France. Aerosil was a kind gift from Mus-
tafa Nevzatllag San. A.S., Turkey. AvicelpH 102 was
supplied by FMC Biopolymer, USA. HPMC-E50 was
kindly donated by Colorcon, USA. All other chemicals
and solvents were of analytical grade. Ultrapure water
was obtained from Sartorius 61316 pro VE, Germany.

Preparation of Extended Release Matrix Tablets

Theophylline loaded tablets were prepared with direct
compression. Composition of hydrophobic matrix
is listed in Table 1. Tablets’ ingredients (theophylline,
Compritol® ATO 33 and HPMC E50) were accurately
weighed (Sartorius Basic, Germany) as mentioned in
Table 1. These powders were then passed through
20 mesh sieve and homogeneously mixed. Then Avicel
pH 102 was weighed and mixed into the powder. Finally
aerosol was added and again mixed for 5 m so that par-
ticle surface was coated evenly by lubricant. Then the
blendwas compressed (2 tonroll pressure) into tablets
using 8 mm diameter flat-faced punch.

In vitro Dissolution Studies

The procedure was determined for using USP XXIII
dissolution testing apparatus II (paddle method).
Release rate of all designed formulations were studied
up to 8 h. at a paddle speed of 75 rpm, in 900 mL of pH
4.5 phosphate buffer solutions at 37 * 0.5°C. The
samples were passed through a 0.45—pm membrane filter
and diluted to a suitable concentration with phosphate
buffer. The theophylline concentration of each sample
(n=0) was spectrophotometrically determined UV-VIS
Spectrophotometet (Schmadzu 160-A-Japan).

Standard theophylline (20 mg) was accurately weighed
and transferred into a 10 ml volumetric flask. It was
dissolved properly and diluted up to the mark with
phosphate buffer (pH 4.5). This solution was used as
working standard solution. Suitable dilution was made
from this solution. The absorbance of the solutions
containing theophyllineat 10 pg/ml was determined
in the UV range 190-450 nm by using an appropriate
blank. The A was found as 272 nm. At thesewave-
length maxima, calibration curve was drawn by plot-
ting graph between absorbance and concentrations. As
per the ICH guidelines, accuracy, precision and lineat-
ity of the calibration curve were determined.'®'” For
linear response measurement, the least squares method
was applied. The statistical analysis was calculated by
ANOVA. Amounts of 10 and 30 pg/ml of theophyl-
line standard solution were added into pre-analysed10
and 30 pg/ml samples and absorbance were measured
and the recovery was calculated.
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Figure 1: Molecular structure of theophylline

Kinetic evaluation and determination of release
mechanism

Kinetic evaluations of theophylline release from matrix
tablets were estimated using a computer based kinetic
programme.'® Zero-order, firstorder, Higuchi, Hixson
Crowell and Korsmeyer-Peppas kinetic models were
used for the evaluation and determination of the release

mechanism.!”??

Statistical Analysis

Statistical analyses were conducted by one-way ANOVA
using target significance levels of 0.05 (P<0.05).

RESULTS AND DISCUSSION

Recent pharmaceutical studies have focused on controlled
drug delivery which has an advantage over conventional
approaches. Adequate controlled plasma drug levels,
reduced side effects, as well as better patient compliance
are some of the benefits that these systems may offer.”
Thus matrix tablets were prepared in order to obtain
controlled release of theophylline.

Tablet manufacturing by direct compression has steadily
increased over the years. It offers advantages over the
other preparation processes for tablets and provides
high efficiency.* This direct compression technique is
more economic, reducing the cycle time and straight
forward in terms of good manufacturing practice
requirements.” Therefore direct compression was
selected as the preparation method for theophylline
loaded matrix tablets. They were prepared successfully
with direct compression technique. Compritol was
selected as the tablet ingredient with glyceride base for
matrix tablet preparation. Different researches have
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Figure 2: In vitro release of theophylline loaded matrix tablets
(Te-1-Te-7) at 37 = 0.5°C

highlighted the feasibility of using Compritol ATO as a
lubricant or coating agent for oral solid dosage formula-
tions. It has also been explored as a matrix-forming agent
for controlling drug release. Moreover it has acceptable
regulatory, common use and safety profiles for oral drug
delivery.”?” HPMC E-50, a semisynthetic detivative of
cellulose, is a swellable and hydrophilic polymer. Some
researchers have studied on the practice of HPMC as
the retarding polymer to sustain the release of different
drugs.®** In addition, it is very appropriate material to
use in controlled release matrix tablets, as it is nontoxic

and easy to handle.”**

The values of standard deviation and coefficient of
variation were acceptably low. The percentage of recovery
range from 99% to 101% was indicating the accuracy
of method. From the proposed method, it was found
that theophylline obeys linearity within the concentra-
tion range of 1-20 ug/ml. It was found that the % RSD
is less than 2, which indicates that the method is highly
reproducible. In addition, the correlation coefficient (t?)
of determination was found as 0.999 which is an indica-
tion of linearity.

In witro release studies were carried out for all the
formulations as per USP XXIII tablet dissolution tes-
ter employing rotating paddle at 75 rpm using 900 mL
of pH 4.5 phosphate buffer medium for 8 h. Figure 2
shows the effect of polymer amount on theophylline
release from the tablets (pH 4.5, 37°C) (n=4). The
primary aim of the present study was to prepare controlled
release-matrix tablets meeting the USP Drug Release
Test 2 criteria for theophylline extended release cap-
sules defined as follows: the range of dissolved theoph-
ylline is between 10-30% at 1 h, 30-55% at 2 h, 55-80%
at 4 h and not less than 80% at 8 h."> When the dissolu-
tion results for theophylline tablets were compared with
USP XXIII Test 2 criteria, it was observed that theo-
phylline was released too rapidly from Te-1 and Te-2
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Table 1: Compositions of theophylline loaded tablet formulations
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Formulation (mg/tablet)
Te-1 Te-2 Te-3 Te-4 Te-5 Te-6 Te-7

Theophylline 50 50 50 50 50 50 50

'g HPMC E-50 50 50 25 25 - - 25
c

8 Compritol (ATO 33) - - 25 25 50 50 50

§ Avicel pH 102 20 10 20 10 20 10 20

Aerosil 1 1 1 1 1 1 1.5

Table 2: Mathematical models of tablets of theophylline obtained after fitting the drug
release data

Kinetic Model parameters Te-3 Te-4 Te-7

2 0.9839 0.9856 0.9986

First Order K -0.2749 -0.2607 -0.2065

Res 92.299 68.6066 6.1842

r? 0.9570 0.9665 0.9979

Higuchi K 36.5167 37.4639 33.1616

Res 208.424 169.1466 7.9382

r? 0.8655 0.8877 0.9657

Zero Order K 9.7060 10.0348 9.1174
Res 4244.4760 2805.1763 1597.2947

2 0.9549 0.9620 0.9979

Hixon Crowel K 0.2918 0.2858 0.2390
Res 872.7840 469.4944 232.1978

Peppas 2 0.9678 0.9727 0.9974

n 0.6608 0.7302 0.6673

tablets. In addition, Te-5 and Te-6 tablets wete released
too slowly so these formulations met the upper criteria
laid down in the USP (Figure 2). However, when the
dissolution results for Te-3, Te-4 and Te-7 were compared
to this criteria it was observed that the release profiles
for these tablets almost met it (Figure 2). According to
the results of the repeated ANOVA measurements, the
percentages of drugs dissolved were not found to be
significantly different for each time period or between
formulations (p>0.005). When Compritol® ATO 33
and HPMC E-50 were used together for preparation
matrix tablets; tablets including thoseexcipients met the
USP XXIII Test 2 criteria for theophylline extended
release capsules. It can be seen clearly that, Compritol
ATO 33, and HPMC E-50 ratio has changed the release
profile of theophylline.

The drug release mechanism was determined by fit-
ting the zz vitro release profile in various release kinetic
models and the values of release exponent (n), kinetic
constant (K), residual value (Res) and regression coef-
ficient () are shown in Table 2. Zero order, first ordet,

Higuchi, Hixson Crowell and Korsmeyer-Peppas are the
major models to identify the drug release from sustained
release formulations and criteria of selecting the most
appropriate model was based on the its goodness of fit-
ting.l4,33—34

(Table 2) displays the release rate constants (K) calculated
through the above-mentioned mathematical release
models and the determination coefficient of the obser-
ved release data and the simulation profiles of the Te-3,
Te-4 and Te-7 tablets. The release of theophylline follo-
wed first order kinetics as its correlation coefficient
(1*=0.9839-9986) pre-dominated over Higuchi, zero
order and Hixson Crowell kinetics (Table 2). There-
fore, predominant drug release mechanism is controlled
release.

First order demonstrates time vs. log cumulative pet-
centage drug remaining.™*® In the present study, it was
found that firstorder kinetics fitted to all formulations
(Te-3, T-4 and Te-7). Two factors, however, diminish
the applicability of first order equation to matrix systems.
This model fails to explain the influence of swelling of
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the matrix upon hydration and gradual erosion of the
matrix. Therefore, the i vitro release data were also fitted
to the well-known exponential Korsmeyer-Peppas
equation and value of release exponent (n) explains the
release mechanism of the drug from the tablets. The
observed ‘n’ values for release profiles of formulation
Te-3, Te-4 and Te-7 were fall in between 0.6 and
0.7 indicated anomalous release behavior coupled with
diffusion and erosion.

Hossain ¢# a/l. have prepared indapamide loaded matrix
tablet by direct compression method. The authors were
evaluated the release mechanisms by zero order, Higuchi,
first order and Korsmeyer-Peppas equations. They
found that the drug release of indapamide loaded matrix
tablet followed first order kinetic model (£*=0.99) and
they have determined ‘n’ values as ranging from 0.543 to
0.832 according to Korsmeyer-Peppas model.”” Similar
to our study the release mechanism of Te-3, T-4 and
Te-7 matrix tablets followed first order release kinetics
and it was found that the release was a combination of
diffusion and erosion. The values of n (>0.5) indicated
that the mechanism of drug release could be described
as anomalous release mechanism, indicating a diffusion
controlled drug release.” In another study, Murtaza ¢z a/.
have developed sustained release matrix tablets of tiza-
nidine hydrochloride and they were investigated the dis-
solution data with kinetic models. They have reported
that the release data of tizanidine hydrochloride tab-
lets showed best fit to first order kinetics (+*=0.9963-
0.9989). In addition to this they have found that in case
of Korsmeyer-Peppas, the developed tablets showed
both diffusion and erosion (n=0.513-0.597)%.

CONCLUSION

In this study theophylline loaded matrix tablets were
successfully prepared by direct compression technique,
using HPMC (E-50) and Compritol ATO 33. The effect
of components’ nature and proportion on the release
rate and mechanism were investigated for theophyl-
line extended release tablets. When Compritol ATO
33 and HPMC E50 were used together for preparation
matrix tablets, tablets met the USP XXIII Test 2 cri-
teria XXIII for theophylline extended release capsules.
Compritol ATO 33 and HPMC E-50 ratio has changed
the release profile of theophylline. In the present study,
it was found that first order kinetics was fitted to Te-3,
Te-4 and Te-7. These tablets could be good candidates
for oral sustained drug delivery systems, especially for
poorly soluble drugs such as theophylline. Thus, the
findings of this study revealed suitability of Te-3, Te-4
and Te-7 for improving the performance of the drug
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in the treatment of chronic obstructive pulmonary
disease. The presented delivery system could provide a
new promising strategy for sustained release.
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SUMMARY

Theophylline loaded tablets were prepared with
direct compression using Compritol® ATO 33 and
Hydroxy propyl methyl cellulose (HPMC E5O0)
with different amounts and evaluated for its in-
vitro drug release.

Te-3, Te-4 and Te-7 formulations showed compli-
ance with The United States Pharmacopeia XXIII
criteria for theophylline extended release capsules
(Test 2 criteria, apparatus Il).

The release data were fitted to various mathe-
matical models such as, zero order, first order,
Higuchi, Hixone Crowell and Korsmeyere-
Peppas for the evaluation of the kinetics and
mechanism of the drug release.

The results of the study indicate that new matrix
tablets can be promising alternative for the other
oral formulations of theophylline.
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