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ABSTRACT: Controlled release matrix tablets of theophylline anhydrous were designed with different types of
bioadhesive polymers. HPMC 15 cps and 50 cps, Na-CMC, Gelatin, Xanthun gum and PVP K-30 were selected to
formulate matrix tablets. Tablets of theophylline were prepared by direct compression method and were subjected to
in vitro drug dissolution for 8 hrs in a gastric fluid media by using thermal shaker with a shaking speed of 50 rpm at a
temperature of 37 ± 0.5°C. The in vitro release study as well as retention time of bioadhesive tablets on mucous
membrane were investigated to develop a bioadhesive polymer based controlled release delivery system and to
evaluate the performance of such delivery device. Na-CMC, HPMC and Xanthan gum based tablets showed greater
bio-adhesive strength where as gelatin and PVP K-30 based tablets showed poor bioadhesive strength. Na-CMC and
Xanthun gum loaded tablets were not discharged from the mucous membrane and these tablets were fully dissolved
in the gastric fluid. Xanthan gum, Na-CMC and HPMC based formulation showed nearly zero-order release. On the
contrary, gelatin and PVP K-30 based formulation showed a burst release within one hour of dissolution.
Key words: Bio-adhesion, Release profile, theophylline anhydrous.

INTRODUCTION
The development of bioadhesive controlled
release systems has been the subject of many studies
in recent years. The concept of controlled drug
delivery has been traditionally used to obtain specific
release rates of active ingredients. The phenomenon
of bio-adhesion, introduced by Park and Robinson,
has been studied extensively in the last decade and
applied to improve the performance of these drug
delivery systems.1 Bio-adhesion has been a topic of
interest in the design of drug delivery systems to
prolong the residence time of the dosage form at the
site of absorption and to facilitate intimate contact of
the dosage form with the underlying absorption
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surface to improve and enhance the bioavailability of
drugs.2-5 In addition, bio-adhesive dosage form have
been used to target local disorders at the mucosal
surface to reduce the overall dosage required and
minimize side-effects that may be caused by systemic
administration of drugs. Bio-adhesive formulations
use polymers as the adhesive component. These
polymers are often water-soluble and when used in a
dry form they attract water from the mucosal surface
and this water transfer leads to a strong interaction.
These polymers also form viscous layers when
hydrated with water that increase the retention time
over mucosal surfaces and may lead to adhesive
interactions.6 Several studies reported bioadhesive
drug delivery systems in the form of tablets, films,
patches, and gels for oral, buccal, nasal, ocular, and
topical routes; however, very few reports on
bioadhesive
microcapsules
are
available.7-10
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Prolonged contact time of a drug with a body tissue,
through the use of a bioadhesive polymer can
significantly improve the performance of many
drugs. In our study, theophylline is used as a model
drug. The objective of this study is to develop,
characterize, and evaluate mucoadhesive matrix
tablets of theophylline employing various
bioadhesive polymers for prolonged gastrointestinal
absorption.
MATERIALS AND METHODS
Theophylline anhydrous was a kind gift from
Square Pharmaceuticals Bangladesh Limited.
Hydroxypropylmethylcellulose (HPMC 15 cps and
50 cps), Sodium carboxy methylcellulose (Na-CMC),
Xanthan gum, Gelatin and PVP K-30 were gift
samples from Loba chemie pvt. Ltd., India.
Magnesium stearate and Aerosil were procured from
Hanau chemical Ltd. (Japan). For determining
bioadhesive strength, gastric mucosa of cow was
obtained from a local slaughter house in Dhaka,

Bangladesh. All other reagents employed were of
analytical or pharmaceutical grade.
Preparation of Matrix tablets. Theophylline
matrix tablets were prepared by direct compression
method using different bioadhesive polymers. The
formulations of matrix tablets with their codes are
presented in Table 1. In all the cases, the amount of
active ingredient is 100 mg. The total weight of
tablets were 406 mg (F1a-F1f) and 609 mg (F2a-F2f)
The corresponding amount of active ingredient and
HPMC-15 cps and 50 cps, Na-CMC, PVP K-30,
gelatin and xanthan gum were weighed separately
and mixed thoroughly in a drum blender. Matrix
tablets were prepared using Perkin-Elmer laboratory
hydraulic press and compression forces were 5 ton.
Before compression, the surface of the die and punch
were lubricated with magnesium stearate. All the
theophylline loaded matrix tablets were stored in
airtight containers at room temperature for further
study.

Table 1. Composition of different formulations (mg) of matrix tablets.
F-1a

F-1b

F-1c

F-1d

F-1e

F-1f

F-2a

F-2b

F-2c

F-2d

F-2e

Theophylline Anhydrous
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100

100

100

100

100

100

100

100

100

100

100
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-

-

-

-

-
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-
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-
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-

-
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-
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-

-

-

-
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-

-
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-
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-
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-
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-
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-

-

-

-

-
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-

-

-
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4

4

4

4

4

4

5

5

5

5

5

5
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2

2

2

2

2

2

4

4

4

4

4

4

Dissolution studies. In vitro drug release studies
of the matrix tablets were conducted in a thermal
shaker (Memmert) apparatus equilibrated at
temperature 37 ± 0.5°C and 50 RPM speed. The
dissolution studies were carried out in triplicate for 8
hrs in 250 ml of gastric fluid (pH 1.2). The
dissolution samples were collected at every 30 mins
interval and replaced with an equal volume of gastric
fluid to maintain the volume constant. The sample
solution was analyzed at 271 nm as mentioned in
USP and BP by an UV spectrophotometer

F-2f

(Shimadzu, Japan). The amount of drug present in the
samples was calculated with the help of appropriate
calibration curves constructed from reference
standard of respective drug. Drug dissolved at
specified periods was plotted as percent release
versus time (hours) curve.
Bio-adhesion testing by in vitro Wash-Off
Test. The mucoadhesive property of the bioadhesive
tablet was evaluated by an in vitro adhesion testing
method known as the wash-off method by Lehr et
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al.11 Freshly excised pieces of intestinal mucosa (4×3
inch) from cow were mounted on to the stainless still
slide connected with a suitable support. Three tablets
were placed on to wet rinsed tissue specimen and
immediately there after the support was hung on to
the arm of the USP tablet disintegrating test machine.
When the disintegrating machine was operated, the
tissue specimen was given a slow, regular up-anddown movement in the gastric fluid (pH=1.2) at 37°C
contained in a one liter vessel of the machine.
RESULTS AND DISCUSSION
Effect of HPMC-15 cps and HPMC-50 cps on
the release and bio-adhesive strength of
Theophylline. Figure 1(A) and Figure 1(B) shows
the effect of different concentration of HPMC 15 cps
and 50 cps on theophylline anhydrous matrix tablet.
A significant difference in release pattern was
observed between the formulation F1 (a), F1 (b), F2
(a) and F2 (b). F1 (a) and F2 (a) contain 300 mg and
500 mg of HPMC-15cps and released 8 and 2.5%,
respectively after 30 mins of dissolution period and
released 55.08 and 37.25% after 8 hours of
dissolution period. Whereas F1 (b) and F2 (b) contain
300 mg and 500 mg of HPMC-50cps and released
only 1.7 and 3.39% after 30 mins of dissolution study
and released 51.86 and 40.57% at the end of the
dissolution period. It is clearly evident that drug
release was decreased with the increase of percentage
polymer loading of the drug formulation. Higher
viscosity of HPMC might have formed a more
viscous gel like network around the delivery device
which results drug release to be slowed down due to
increased thickness. These gel forming agents
initially formed a hydrated gel matrix which is
involved in the phenomenon of bioadhesion. Three
tablets were taken to observe the bio-adhesive
strength. In case of F1a, all three tablets were
discharged from the mucous after 16, 20 and 27 mins
and as F2a contained 500 mg of HPMC 15 cps,
tablets were discharged after 23, 36 and 38 mins.
Increasing the polymer amount may provide more
adhesive
sites
and
polymer
chains
for
interpenetration with mucin, resulting consequently
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in the augmentation of bioadhesive strength.12 As the
HPMC 50 cps tablets are of higher viscosity grade,
they were not detached from the mucous membrane
due to the formation of more concentrated gel layer.
Effect of Gelatin on the release and bioadhesive strength of Theophylline from F-1c & F2c. The release profiles of Theophylline Anhydrous
from F-1c and F-2c are depicted in Figure 1(C). F-1c
contains 300mg of Gelatin and F-2c contains 500 mg
of Gelatin. About 2.23 and 5.6% of Theophylline
released from F-1c and F-2c respectively after 30
minutes of dissolution period. Within two hours of
dissolution period F-2c showed burst release whereas
F-1c released only 21.54% of theophylline. In case of
F-1c, three tablets were detached from the mucous
after 10, 15 and 17 sec. respectively and tablets were
also detached from the mucous within 40 sec. from
F-2c. Therefore, bioadhesive strength of gelatin was
very poor.
Effect of PVP K-30 on the release and bioadhesive strength of Theophylline from F-1d & F2d. The release profile of Theophylline anhydrous
from F-1d and F-2d are shown in Figure 1(D). F-1d
and F-2d contains 300 mg and 500 mg of PVP K-30.
About 5.40 and 5.48% of Theophylline released from
F-1d and F-2d, respectively after 30 minutes of
dissolution period. Both the formulation showed a
burst release of active ingredient within first hour of
dissolution period. Bioadhesive strength of PVP K-30
was not significant. Tablets were detached from the
mucous membrane within a few seconds.
Effect of Na-CMC on the release and bioadhesive strength of Theophylline from F-1e & F2e. The release profiles of Theophylline anhydrous
from F-1e and F-2e are placed in Figure 1(E). F-1e
and F-2e contains 300 mg and 500 mg of Na-CMC.
About 2.21 and 4.78% of Theophylline released from
F-1e and F-2e, respectively after 30 minutes of
dissolution period. In general, the release pattern was
found to be nearly zero-order. The contribution of
Na-CMC tends to polymer swelling and erosion with
an increasing trend with increase in the content of the
polymer. Bio-adhesive strength of Na-CMC based
tablet was significant. Two tablets of three were
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detached after 3.36 hrs and 3.50 hrs and another
tablet was not detached from the mucous membrane.

Swelling occurs in case of three tablets and after 9
hrs drugs were fully dissolved in the GI fluid.
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Figure 1. Release profile of theophylline anhydrous from (A) HPMC-15 cps (B) HPMC-50 cps (C) Gelatin (D) PVP K-30 (E) Na-CMC
(F) Xanthan gum.
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Effect of Xanthan gum on the release and
bioadhesive strength of Theophylline from F-1f
and F-2f. The release profiles of Theophylline
anhydrous from F-1f and F-2f are placed in Figure
1(F). F-1f and F-2f contains 300 mg and 500 mg of
Xanthan gum. About 2.84 and 3.30 % of
Theophylline released from F-1f and F-2f
respectively after 30 minutes of dissolution period.
At the end of 8 hours of dissolution, it was found that
59.81 and 60.42% of drug released from F-1f and F2f respectively. Three tablets were exposed in gastric
fluid to observe the bio-adhesive strength. One tablet
was discharged after 4 hrs where as other tablets were
not detached from the mucous. All tablets were
dissolved in gastric fluid after 10 hrs.
CONCLUSION
Bioadhesive studies and subsequent release
profile were performed on matrix tablets containing
theophylline anhydrous as model drug. Polymers of
different hydrophylicity and bioadhesive strength
were used as the matrix former. The studies showed
strong bioadhesion when Na-CMC, xanthan gum and
HPMC were used. However in case of gelatin and
PVP K-30 no bioadhesion was observed. This is due
to their inability to form viscous gel network
responsible for bioadhesion capability. The release
studies showed nearly zero order release pattern in
case of hydrophilic polymers. In case of gelatin and
PVP K-30, a burst release was observed with total
breakdown of matrix within one hour of dissolution
studies. From the experiment it is clearly evident that
judicial use of hydrophilic polymers can increase the
frequency of bioadhesion in the gastrointestinal
mucous layer which will give better and prolonged
chance of drug release.
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