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ABSTRACT
Mucoadhesive tablets containing salbutamol sulphate were prepared using direct compression method. Carbopol 934P, HPMC K4M, and xanthan gum were used as bioadhesive
polymer. HPMC K4M and Xanthan gum were used in different ratios. The tablets were evaluated for their physical characteristics like thickness, hardness, friability, weight
variation, uniformity of content, surface pH, Ex vivo mucoadhesion time, in vitro swelling study, in-vitro bioadhesion study and in-vitro drug release pattern. Tablet exhibited
extended release for a period of six hours. The mechanism of drug release was found to be non-fackian diffusion and followed the first order kinetic. Increased of carbopol 934
P delayed the release rate. Swelling index was calculated with respect to time. Swelling index increased as the weight gain by the tablets increased proportionally with the rate
of hydration. Optimized tablets (F8) showed satisfactory results by adhesive strength of 10.9 ±1.1 g and Ex vivo mucoadhesion time of 9 h. The surface pH of all batches was
between 6 to7 and hence tablets should not caused irritation in buccal cavity. Formulation batches containing carbopol 934 P lowered the drug release as compared to other
batches. The optimized formulation was subjected to three different aggreavated condition of temperature 0-4ºC, at RT and at temperature 45ºC for two months. The effect of
temperature study revealed there was no significant change observed in two months.
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INTRODUCTION
Mucoadhesive drug delivery system is a new system of drug
delivery and has recently gained great concern in pharmaceutical
sciences1. The concept of mucoadhesives was introduced in the
early 1980s2. Mucoadhesion can be defined as the phenomenon of
the attachment of natural or synthetic polymers to a mucosal surface.
As a site for drug delivery, the oral cavity offers several advantages
over the gastrointestinal route and other alternative routes of drug
administration. The membranes that line the oral cavity are readily
accessible, robust and exhibit fast cellular recovery following local
stress and damage. Oral mucosal drug delivery systems are easy and
painless to administer and well accepted by the patient 3,.
Conventional formulations for local oral delivery are principally
lozenges, mouthwashes, mouth paints, oral gels, pastes and
suspensions. Release of drugs from these preparations involves an
initial burst of activity, whose level rapidly declines to subtherapeutic concentrations. Retentive buccal mucoadhesive
formulations may prove to be a viable alternative to the conventional
oral medications as they can be readily attached to the buccal cavity,
retained for a longer period of time and removed at any time.
Attempts have been made earlier to formulate various mucoadhesive
devices including tablets, films, patches, disks, strips, ointments and
gels4.
Salbutamol sulphate, a selective β2 adrenergic agonist, has been
widely used in the treatment of asthma. Salbutamol sulphate is
variably absorbed from the GIT. The oral bioavailability of
salbutamol is about 50% and half life is 4 hours. It is subjected to
first pass metabolism in the liver and possibly in the gut wall.
Hence, it is considered as suitable candidate for administration via
buccal route 5,6.
The rationale behind this work was to design mucoadhesive buccal
drug delivery system in the form of buccal tablet by using different
bioadhesive polymers like HPMC K4M, Carbopol 934P and
Xanthan gum to increase the bio availability of the salbutamol
sulphate by decreasing the metabolism in GIT and liver, try to
reduce dosing frequency and to improve patient compliance.

MATERIALS & METHODS
Salbutamol sulphate was gift sample from FDC Ltd. Aurangabad.
HPMC K4M, xanthan gum and carbopol 934 P were gift sample
from Zim labs Ltd Nagpur. All other reagents and chemicals used
were of analytical reagent grade.
The mucoadhesive tablets were prepared with selected polymers by
direct compression on single punch tablet compression machine.
Accurately weighed quantities of drug and other ingredients like
polymers such as Carbopol 934P, HPMC K4M, Xanthan gum,
Lactose, and Magnesium sterate were mixed by triturating in glass
mortal-pestle. The blend was directly compressed at weight of 120135 mg using 8 mm diameter punch. The compositions of the
formulation batches containing different ratios of polymers are given
in the table no. 1.
The prepared tablets were evaluated for.
Uniformity of content
The uniformity of content of Salbutamol sulphate tablet was
determined by dissolving one tablet in 100 ml distilled water. An
aliquot of 2 ml sample was withdrawn and diluted to 10 ml and
analyzed by UV spectrophotometer at 276 nm7. The results of
uniformity of content are given in table no. 2.
Surface pH study
The surface pH of the buccal tablet was determined in order to
investigate the possibility of any side effects in an oral cavity. As an
acidic or alkaline pH may irritate the buccal mucosa, attempt was
made to keep the surface pH close to the buccal pH. The tablets
were allowed to swell for 2 h in 1 ml of distilled water. The surface
pH was measured by means of pH paper placed on the core surface
of the swollen tablet8,9. The result is given in table no. 2.
Ex vivo mucoadhesion time
The ex vivo mucoadhesion time was examined after application of
the buccal tablet on freshly cut sheep buccal mucosa. The fresh
sheep buccal mucosa was tied on the glass slide and a mucoadhesive
core side of each tablet was wet with 1 drop of phosphate buffer (pH
6.8) and pasted to the sheep buccal mucosa by applying a light force
with a fingertip for 30 seconds. The glass slide was then put in the
beaker, which was filled with 200 ml of the phosphate buffer and
kept at 37 0C± 1 0C. After 2 minutes, a slow stirring rate was applied
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to stimulate the buccal cavity environment and tablet adhesion was
monitored for 12 hours. The time for the tablet to detach from the
sheep buccal mucosa was recorded as the mucoadhesion time 10 as
shown in table no. 2.
In vitro swelling studies
Three tablets were used from each formulation for the test. After
recording the initial weights the tablets were placed over a 10 cm
diameter wet filter paper disc soaked in purified water in a petri dish
at room temp. After the time interval of 0.5, 1, 2, 4, 6 h., the tablets
were removed and weighed individually. The percent water sorption
was calculated using following formula.
% Swelling index = [(w2-w1)/w1] ×100
In vitro Bioadhesion Studies
For in vitro study, an apparatus designed by Gupta, et al. for
determination of mucoadhesive bond force was used. Measurement
of adhesion force was determined by using sheep buccal mucosa
which was obtained from slaughter house. The underlying tissues
were separated and washed thoroughly with phosphate buffer
solution (pH 6.8). The membrane was then tied to the bottom of the
lower vial using rubber band. The vial was kept in glass bottle which
was filled with phosphate buffer solution at 37 ± 1 0C in such way
that buffer just reaches the surface of mucosal membrane and kept it
moist. The tablet to be tested was stuck on the lower side of the
hanging glass vial by using adhesive tape and the weight (2 gm) on
the right pan was removed. This lowered the left side of the pan
along with the tablet over the mucosa. It was kept undisturbed for
three minutes and the weights are added on right side of pan till the
tablet just separated from the membrane surface. The excess weight
on the right pan i.e. total weight minus 2 gm was taken as measure
of bioadhesive strength. Bioadhesive force was calculated by using
following equation11. The result is given in table no. 3.
Bioadhesive Strength
Bioadhesive force = _______________________________________ × 9.81
1000
In vitro drug release studies
The influence of technologically defined condition and difficulty in
simulating in- vivo conditions has led to the development of a
number of in- vitro release methods for buccal formulations,
however, no standard method has yet been developed. In-vitro
release rate study of buccoadhesive tablets of Salbutamol sulphate
was carried out using USP XXІІІ rotating paddle apparatus (Type
II). The dissolution medium consisted of 900 ml of phosphate buffer
(pH 6.8). The release study was performed at 37 0C ± 0.5 0C with a
rotation speed of 50 rpm. The sample (10 ml) was withdrawn at time
interval of 30, 60 and 90 minutes upto 6 h and replaced with 10 ml
of dissolution media. The amount of Salbutamol sulphate released
was determined spectrophotometrically at 276 nm12. The drug
release kinetics is shown in table no. 4.
Effect of temperature
From the prepared tablet formulation F8 showed appropriate balance
between In-vitro drug release and bioadhesive property, hence
formulation F8 was selected for study. The study was carried out to
observe the effect of temperature on optimized formulation (F8).
Tablets of batch F8 were wrapped in an aluminum foil and placed in
amber colored bottle. It was stored at 0-40 (in refrigerator), room
temperature (280) and at 450 for two months. Tablets were evaluated
for physical characteristics like hardness and friability, surface pH,
uniformity of drug content, bioadhesion properties and In-vitro drug
release after every 15 days 13.
RESULTS
The present study was aimed to develop a new mucoadhesive
system for the delivery of salbutamol sulphate. An attempt was

made to formulate Salbutamol sulphate buccal tablet using new
polymers viz. Carbopol 934P, HPMC K4M and Xanthan gum.
HPMC K4M and Xanthan gum were used in different ratios. (1:1,
1:2, 1:3) From batch F8 to F10 carbopol 934P was added to improve
the drug release by polymer swelling and improve its adhesiveness.
It was necessary for this delivery system that it must have good
adhesiveness at mucosal site as well as it has been releasing the drug
at a satisfactory level. On the basis of these properties, formulation
containing Carbopol 934P showed good adhesiveness and
satisfactory release of the drug, the release of the drug decreases
with increasing concentration of Carbopol 934P, hence formulation
F8 selected as optimize formulation because it showed release upto
(86.19 %) and has adhesive strength of (10.9 g).
The drug content for tablets of all formulation batches were found to
be in the range of 95.95 – 99.96 %. The results given in the table
showed that the surface pH of all the tablets was within the range of
6 to 7 which indicated that there is no risk of mucosal damage or
irritation. The ex vivo mucoadhesion time was examined after
application of the buccal tablet on freshly cut sheep buccal mucosa.
The result showed in Table No. II revealed that the mean adhesion
time was increased in the formulation batches containing carbopol
(F8, F9, F10) followed by formulation containing HPMC K4M and
xanthan gum. This may be due to the flexibility of carbopol chains,
which easily diffuses and interpenetrates into the mucin and get
entangled with that of mucin. The mucoadhesive time on sheep
buccal mucosa ranged from 6 to 10.5 hours.
The bioadhesion and drug release profile are dependent upon
swelling behavior of the tablets. Swelling index was calculated with
respect to time. Swelling index increased as the weight gain by the
tablets increased proportionally with the rate of hydration. The
formulation batch containing Carbopol, HPMC K4M and Xanthan
gum showed higher swelling index while the formulation containing
HPMC K4M and Xanthan gum showed lower swelling index
(Formulation F2) which contains 25% of Xanthan gum and after
four hours, the formulation displays loss of weight which may be
due to complete hydration of Xanthan gum.
Formulation F2, F3, F4, F5 contains 25%, 33.33%, 37.5%, 50% of
xanthan gum. The rate of water uptake depends on the concentration
of gum present. Higher xanthan gum concentration showed slower
initial water uptake but take longer time to become fully hydrated.
From the results obtained, it was observed that the increased
concentration of carbopol 934P and HPMC K4M in the formulation
increases the swelling indices.
The In vitro drug release study revealed that the release of
Salbutamol sulphate from different formulations varies with
concentration of matrix forming polymers.
The release rate of Salbutamol sulphate decreases with increasing
concentration of Carbopol in formulations (F8 to F10). Carbopol
have a network of crosslink due to which it forms a gelatinous
barrier around the tablets after absorption of water. HPMC K4M has
ability to form complex matrix network which leads to delay in
release of drug. Due to rapid water uptake between the particles in
the tablets and the resultant gelation lowers the drug release from the
tablets.
The formulation containing xanthan gum showed the maximum
release of the drug. Formulation F2 showed the maximum
percentage of drug release (95.85 %), this is due to because it
contains the lower concentration of xanthan gum as compare to
formulations F3, F4 and F5.
It was necessary for this delivery system that it must have good
adhesiveness at mucosal site as well as it has been releasing the drug
at a satisfactory level. On the basis of these properties, formulation
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F1 to F7 containing Xanthan gum and HPMC K4M showed good
release but lower bioadhesive property, while formulation
containing Carbopol 934P showed good adhesiveness and
satisfactory release of the drug, the release of the drug decreases
with increasing concentration of Carbopol 934P, hence formulation
F8 selected as optimize formulation because it showed release upto
(86.19 %) and has adhesive strength of (10.9 g). The kinetic
treatment reflected that release data of F1-F10 showed R values
between 0.9787-0.9930, which indicated that the drug release was
approaching zero order kinetics. A well-kwown equation was used
to establish the mechanism of drug release from the in-vitro release
data.
Mt/ M∞ = ktn (Peppas, 1985)
When n value approximates to 0.5, a Fickian or diffusion controlled
release is implied, where n value within 0.5 to 1 indicates nonFickian (anomalous) transport and the value of n=1 indicates the
zero order (case ІІ transport)
From the release data it was observed that the n value of all the
batches was ranged from 0.5235 to 0.6625 which indicated the nonFickian or anomalous transport. Anomalous transport is a type of
drug release controlled by a combination of polymer swelling, drug
diffusion and erosion of hydrated matrix.
The optimized formulation was subjected to three different
aggravated conditions of temperature 0-4 0C, at room temperature
(28 0C) and at temperature 45 0C. Various studies were done for
performance of tablets, such as physical characteristics of tablets,
surface pH, uniformity of drug content, in vitro bioadhesion study
and in vitro drug release. The effect of temperature study revealed
that there was no significant change observed in two month. Thus,
from the study it was concluded that the formulation was stable at
different conditions of temperature.
DISCUSSION
The tablets of Salbutamol sulphate prepared by direct compression
had acceptable physical characteristics and satisfactory drug release.
The study demonstrated that as far as the formulations were
concerned, the selected polymers proved to have an acceptable
flexibility in terms of in vitro release profile. Buccal delivery system
must need the good adhesion on the mucosal site as well as the
release of the drug from the matrix. On the basis of these properties,
the formulation was developed by incorporating Carbopol 934P in

the formulation containing HPMC K4M and Xanthan gum in the
ratio of 1:1, for releasing the drug at satisfactory level and also
increasing the bioadhesiveness and swelling properties.
The optimized formulation (F8) had shown the satisfactory release
of drug and excellent bioadhesive properties. Hence, from the results
obtained, it was observed that the formulation had feasibility of
formulating buccal drug delivery in the form of buccal tablet of
Salbutamol sulphate as, it can help to bypass extensive hepatic first
pass metabolism and improved the bioavailability of Salbutamol
sulphate.
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Table No. 1. Composition of salbutamol sulphate buccal tablet
Ingredients

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

Salbutamol
Sulphate(mg)
HPMC K4M
(mg)

8

8

8

8

8

8

8

8

8

8

60

30

20

15

-

40

45

30

30

30

Xanthan gum
(mg)

-

30

40

45

60

20

15

30

30

30

-

-

-

-

-

-

-

5

10

15

48.8

48.8

48.8

48.8

48.8

48.8

48.8

50.8

50.8

50.8

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

Carbopol 934P (mg)
Lactose (mg)
Mag. sterate
(mg)
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Table No. 2. Parameters of buccal tablets of salbutamol sulphate
Drug content (%)
mucoadhesion time* (hrs)
97.86 ± 0.03
7 ± 0.76
99.68 ± 0.50
6 ± 0.5
98.64 ± 0.42
6 ± 0.5
98.43 ± 0.07
7.5 ± 1.73
95.95 ± 0.25
8±1
97.49 ± 0.65
8±2
96.56 ± 0. 76
8.5 ± 1.33
98.95 ± 0.12
9 ± 0.5
97.87 ± 0.89
10 ± 2
99.96 ± 0.95
10.5 ± 0.86
*Mean ± SD, n = 3

Batch
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10

Batch

Batch
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10

Surface pH*
6.3 ± 0.54
6±1
6.6 ± 0.83
6 ± 1.22
6.6 ± 0.89
6 ± 0.70
6.3± 0.54
7 ± 0.44
6.6 ± 0.89
6 ± 0.83

Table No. 3. Bioadhesive parameters of salbutamol sulphate buccal tablet
Bioadhesive strength (g)
Bioadhesive force (N)

F1

9.4 ± 1.2

0.092 ± 0.047

F2

6.8 ± 0.97

0.066 ± 0.075

F3

4.0 ± 1.5

0.039 ± 0.120

F4

4.5 ±0.75

0.044 ± 0.045

F5

5.9 ± 0.63

0.057 ± 0.035

F6

7.0 ± 0.80

0.068 ± 0.65

F7

8.6 ± 1.3

0.084 ± 0.081

F8

10.9 ± 1.1

0.106 ± 0.147

F9

12.5 ± 0.76

0.122 ± 0.035

F10

15.5 ± 0.86

0.152 ± 0.065

Table No. 4. Drug release kinetic value of batches F1 to F10 with best fit model
R2
0.9919
0.9910
0.9787
0.9792
0.9930
0.9922
0.9904
0.9917
0.9917
0.9927

n
0.5538
0.5643
0.5235
0.5585
0.6625
0.5950
0.6319
0.5937
0.6087
0.6290

Figure No. 1. Swelling Indices of formulation containing HPMC K4M
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Figure No. 2. Swelling Indices of formulation containing Xanthan gum and HPMC K4M (1:1, 1:2, 1:3)

Figure 3. Swelling Indices of formulation containing HPMC K4M, Xanthan gum and Carbopol 934 P

Figure No. 4. Cumulative drug released from batches F1 to F10.
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