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ABSTRACT
The mucoadhesive buccal patches for systemic administration of Salbutamol sulphate in the oral cavity has been developed using Eudragit S100 as
film forming polymer and HPMC K 15 as mucoadhesive polymers. According to FTIR Spectroscopic studies the drug did not show any evidence of
the physicochemical interaction with the polymers used and was present in an unchanged state. The formulations were evaluated for various
parameters like weight variation, patch thickness, folding endurance, and Bioadhesive strength, Swelling index, In vitro mucoadhesion time, In vitro
Drug release. Convenient bioadhesion, acceptable elasticity, swelling and surface pH were obtained. Optimum release behavior was shown with
patches containing 40 % w/v Eudragit S100 and 3.5 % w/v HPMC K 15. Patches exhibited maximum drug release 81.29 % over period of 6 h. Film
mucoadhesion times varied from 2.0 to 4.5 h. Increasing concentration of HPMC control the drug release, formulations followed Zero order release
kinetics.
Keywords: Mucoadhesive buccal patches, Mucoadhesion, Salbutamol sulphate.

INTRODUCTION
Bioadhesive formulations have a wide scope of applications, for both
systemic and local effects of drugs. The mucosa is relatively
permeable with a rich blood supply1. Additionally, drug delivery via
this site avoids extensive enzyme degradation and first‐pass
metabolism seen with oral administration2. Further recent interest
in this route has been generated with regard to the non‐parenteral
delivery of new peptide and protein drugs produced as a result of
advances in biotechnology3. Among the delivery routes, the oral
route is the most acceptable from patient compliance aspects. The
surface of buccal cavity comprises of stratified squamous epithelium
which is essentially separated from the underlying tissue of lamina
propria and submucosa by an undulating basement membrane4.
Salbutamol sulphate is β‐adrenoreceptor agonist, used in
bronchodilator in asthma, bronchitis and obstructive airways
diseases. As its biological half‐life is about 4 hours and is eliminated
rapidly, repeated daily administrations are needed to maintain
effective plasma levels. Because of the low tissue permeability for
compounds such as peptides, buccal administration is then often
ranked as less effective when compared to nasal delivery, and better
than transdermal delivery. In the case of a sufficiently potent
peptide, therapeutic levels can be expected to be reached with a
buccal or a sublingual delivery system5,6. Drug absorption through a
mucosal surface is generally efficient because the stratum corneum
epidermis, the major barrier to absorption across the skin, is absent.
Mucosal surfaces are usually rich in blood supply, providing the
means for rapid drug transport to the systemic circulation. There are
two routes potentially involved in drug permeation across epithelial
membranes: transcellular route and paracellular route. Paracellular

transport is the transport of molecules around or between cells.
Tight junctions or similar interconnections exist between cells7‐8.
MATERIAL AND METHODS
Salbutamol Sulphate as a gift sample from Glaxo smithkline,
Mumbai. India, Eudragit S‐100 & Eudragit RSPO was provided by
Alkem Labs. Mumbai, India. HPMC K4 M and HPMC K15M was
obtained from Nitika Chemicals, Nagpur, Triethanolamine was
purchased from Modern Chemicals Corporation, Mumbai. The other
chemicals were used are of analytical grade.
Fabrication of mucoadhesive drug free patches
The procedure consisted in dissolving or dispersing polymers (40%)
in water and then ethanol was added at five different ratios (water
solution/dispersion: ethanol): 1:5, 2:4, 3:3, 4:2, 5:1. A proper
plasticizer 10% Triethanolamine in the case of the Eudragit
polymers was added. The mixtures were prepared with a magnetic
stirrer (for Eudragit RSPO and S 100) and cast onto a petridish. The
petridish was stored at 40 C for 24 h to remove all the air bubbles
entrapped and dried at 600 C for 16 h.
The films were accurately observed and checked for possible
imperfections upon their removal from the petridish. Then a water
solution of the mucoadhesive polymer (2%) at three different ratios
(mucoadhesive polymer solution/ film‐forming mixture): 1:5, 5:5,
5:10 was added to the best film‐forming polymer mixture.
Successively, the preparation procedure was repeated as previously
described. Similarly, these new films were examined in order to
select the film having the best characteristics.

Table 1: Fabrication of Salbutamol sulphate containing mucoadhesive patches (Group –I)
Patch code
ES1
ES2
ES3
ESHP1
ESHP2
ESHP3

Eudragit S100
10%
20%
40%
40%
20%
10%

ES100 : HPMC
5 :10
5 :10
5 :10
5 :5
5 :5
5 :5

Fabrication of salbutamol sulphate containing Mucoadhesive
patches
The drug loaded film was prepared by adding Salbutamol sulphate
to the final mixture to obtain a 6 mg drug concentration in each

Salbutamol sulphate
337 mg
337 mg
337 mg
337 mg
337 mg
337 mg

patch. It was cast in a circular mould of 44.156 cm2 size. The volume
to be cast was determined so that a 10 mm thickness was obtained
after casting the mixture. The mixture was stored at 40 C for 24 h,
and then was heated for 20 h at 600 C. The films thus obtained had,
0.52 mm thickness and 6.0 mg/cm2 of Salbutamol sulphate.
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Table 2: Composion of Group –II patches
Patch code
H1
H2
H3
H4
H5

Eudragit S100
40%
40%
40%
40%
40%

ES100 : HPMC
5 :10
5 :10
5 :10
5 :10
5 :10

Evaluation of the patches

Conc. Of HPMC K15M
1%
2%
2.5 %
3%
3.5 %

Salbutamol sulphate
337 mg
337 mg
337 mg
337 mg
337 mg

Force of adhesion (N) =

Thickness uniformity of the patches10
The thickness of each patch was measured using screw gauge at five
different positions of the patch and the average was calculated.
Folding endurance

Bioadhesive strength × 9.81

Bond strength (N m–2) =

1000
Force of adhesion
Disk surface area

Ex vivo mucoadhesion time16

Folding endurance of the patches was determined (Khanna et al.,
1997) by repeatedly folding one patch at the same place till it broke
or folded upto 300 times manually, which was considered
satisfactory to reveal good patch properties. This test was done on
five patches.
Uniformity of weight of the patches11
Patches sizes of 1x1 cm2 were cut. The weights of five patches were
taken and the weight variation was calculated.
Swelling studies of the patches12
A drug‐loaded patch of 1x1 cm2 was weighed on a preweighed cover
slip. It was kept in a petridish and 50 ml of phosphate buffer, pH 6.8
was added. After every five min, the cover slip was removed and
weighed after each hour till period of 6 hr. The difference in the
weights gives the weight increase due to absorption of water and
swelling of patch. The percent swelling, %S was calculated using the
following equation:
Xt ‐ Xo
%S =

x 100
Xo

The ex vivo mucoadhesion time was performed (n = 3) after
application of the films on freshly cut porcine buccal mucosa. Each
film was divided in portions of 0.785 cm2 and cut a side of each film
was wetted with 50 ml of phosphate buffer pH 6.8 and was pasted to
the porcine buccal tissue by applying a light force with the finger tip
for 20 s.
The beaker was filled with 800 ml of the phosphate buffer pH 6.8
and was kept at 370C. After 2 min, a stirring rate was applied to
simulate the buccal cavity environment and film adhesion was
monitored during 8 h.
In vitro release study from Salbutamol sulphate loaded patches17
A standard paddle apparatus was employed to evaluate drug
release. A portion of 0.785 cm2 of patch was used. A side of the patch
was attached with double adhesive tape on the inert support and,
after 2 min; the vessel was filled with phosphate buffer pH 6.8 and
maintained at 370C while stirring at 50 rpm. Five milliliter samples
were collected at predetermined time intervals and replaced with an
equal volume of simulated saliva fluid. Salbutamol sulphate
concentration was determined by a spectrophotometer at max =
277 nm and reported as an average of three measurements.

Where

Vapour transmission test (VTR)18

Xt is the weight or area of the swollen patch after time t and Xo is
the original patch weight or area at zero time.

Glass‐bottle (length= 5 cm, narrow mouth with internal diameter
=0.8 cm) filled with 2 g anhydrous calcium chloride and an adhesive
(Feviquick®) spread across its rim, was used in the study. The patch
was fixed over the adhesive and the assembly was placed in a
constant humidity chamber, prepared using saturated solution of
ammonium chloride and maintained at 37±2 °C. The difference in
weight after 24 h, 3rd day and 1 week was calculated. The
experiments were carried out in triplicate and vapor transmission
rate was obtained as follow:

Surface pH13
Buccal patches were left to swell for 1 h on the surface of the agar
plate, prepared by dissolving 2% (w/v) agar in warmed isotonic
phosphate buffer of pH 6.8. The surface pH was measured by means
of pH paper placed on the surface of the swollen patch
Content uniformity14
Drug content uniformity was determined by dissolving the patch by
homogenization in 100 ml of an isotonic phosphate buffer (pH 6.8)
for 8 h under occasional shaking. The 5 ml solution was taken and
diluted with isotonic phosphate buffer pH 6.8 up to 20 ml. The drug
content was then determined after proper dilution at 277 nm using a
UV‐spectrophotometer.
Ex vivo mucoadhesive strength15
Fresh sheep buccal mucosa was obtained from a local
slaughterhouse and used within 2 h of slaughter. The mucosal
membrane was separated by removing the underlying fat and loose
tissues. Bioadhesive strength of the patch was measured (n = 3) on a
modified physical balance. A piece of buccal mucosa was tied to the
open mouth of a glass vial, filled completely with isotonic phosphate
buffer pH 6.8. The glass vial was tightly fitted in the center of a glass
beaker filled with isotonic phosphate buffer (pH 6.8, 37 ± 1 °C). The
patch was stuck to the lower side of the rubber stopper with
cyanoacrylate adhesive. The mass, in grams, required to detach the
patch from the mucosal surface gave the measure of mucoadhesive
strength. The following parameters were calculated from the
bioadhesive strength:

VTR =

(Amount of moisture transmitted)
(Area x Time)

Statistical and kinetic analysis19,20
The in vitro release profiles were tested for their kinetic behavior in
order to establish the kind of mechanism possibly involved in
Salbutamol sulphate release from the film matrix. Data were
analyzed using the following equation.
Mt /M∞= ktn
Where
Mt /M∞‐ the drug fraction released at time t;
k ‐ A constant depending upon structural and geometric
characteristics of the system,
n ‐ The diffusional coefficient related to release mechanism.
Stability studies21
The aging effect on optimized batch H5 was determined to check any
morphological and physicochemical changes. The buccal patches
were wrapped in aluminum foil and store at room temperature for
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the period of one month. All main parameters were evaluated after
the one month storage period. The results are given in table No. 10 &
11.

the patches have uniform thickness throughout. Average thickness
found was about 0.326 mm.
Folding endurance was considered satisfactory to reveal good patch
properties. Films did not show any cracks even after folding for
more than 300 times. Hence it was taken as the end point. The
patches were found uniform. The average weight of the patch found
was about 38.42 mg

RESULTS AND DISCUSSION
The thickness of each patch was measured using screw gauge at five
different positions of the patch and the average was calculated. All

Table 3: Evaluation parameters of group –II drug loaded Salbutamol sulphate patches
Patch code
ES1
ES2
ES3
HPES1
HPES2
HPES3

Wt. uniformity
0.0347±0.0080
0.0336±0.0009
0.0241±0.0003
0.0266±0.0007
0.0317±0.0019
0.0304±0.0007

Swelling index
After 1 hr
33.57 %
30.59 %
31.45 %
30.50 %
42.63 %
43.28 %

Thickness
(mm)
0.227±0.02
0.265±0.035
0.19±0.033
0.225±0.0057
0.322±0.0095
0.225±0.0057

Content uniformity (%)
After 6 hr.
42.25 %
37.76 %
41.48 %
40.42 %
54.40 %
53.87 %

89.53 %
92.78 %
90.46 %
88. 85 %
92.17 %
87.39 %

All the patches hydrated slowly, reaching 30% hydration after 1 hour. The batch HPES2 with HPMC from group‐ I, 3.5% of HPMC containing patches
from group‐ II shows 54.40%, and 46.06 % as maximum swelling after 6 hour.

Fig.1: Swelling studies for batches ES1, ES2, ES3, HPES1, HPES2 and HPES3
The surface pH of buccal patches containing Salbutamol sulphate of group I & II was found in the range 5.64±0.055 to 6.58±0.064.
The surface pH of all formulations was within range of salivary pH and hence no mucosal irritation was expected and ultimately achieves patient
compliance.
Table 4: Bioadhesive parameters for group –II Salbutamol sulphate patches
Patch
code
ES1
ES2
ES3
HPES1
HPES2
HPES3

Bioadhesive strength
(gm)
5.54±1.48
5.75±1.46
5.66±1.71
4.26±0.22
4.48±0.18
5.003±0.31

Force of adhesion
(N)
0.0543
0.0564
0.0555
0.0418
0.0440
0.0490

Bond
strength
0.06917
0.07185
0.0707
0.05325
0.05605
0.06242

Surface PH
6.28±0.061
5.92±0.058
6.58±0.064
5.64±0.055
5.85±0.057
6.06±0.059

Ex vivo mucoadhesion
time
2.0 hr
2.0 hr
2.5 hr
2.75 hr
2.5 hr
2.0 hr

Folding
endurance
> 250
> 250
> 250
> 250
> 250
> 250

Fig. 2: Swelling studies for batches H1, H2, H3, H4 and H5
The results of content uniformity from table 3 and table 6 indicated
that the drug was uniformly dispersed. Peak detachment force is the
maximum applied force at which the patch detaches from tissue. The
peak detachment force and bioadhesive strength for formulation H5
were 0.0546 N and 5.57±0.14 gm respectively. These values for

bioadhesion and peak detachment force were within the range for
suitable bioadhesion as reported for various buccal patches.
The release data of Salbutamol sulphate from all the patches are
given in fig. No. 3 & 4. At pH 6.8 Eudragit retarded the release rate of
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drug from HPMC patches. An increase in the polymer content was
associated with a corresponding decrease in the drug‐release rate.

The results for Vapor transmission test (VTR) for optimized batch
H5 are shown in table No. 9

Table 5: Evaluation parameters of group –IV drug loaded Salbutamol sulphate patches
Patch code

Wt. uniformity

Thickness
(mm)

Surface pH

Swelling index

H1
H2
H3
H4
H5

0.036±0.002
0.032±0.006
0.049±0.007
0.048±0.002
0.060±0.003

0.61±0.04
0.35±0.008
0.27±0.007
0.38±0.008
0.58±0.011

6.19 ± 0.060
5.72 ± 0.056
6.2 ± 0.060
5.99 ± 0.058
6.32 ± 0.061

After 1 hr
21.11 %
34.47 %
28.24 %
36.77 %
35.57 %

After 6 hr
32.72 %
47.55 %
38.38 %
47.04 %
46.06 %

Table 6: Bioadhesive parameters for group –IV Salbutamol sulphate patches
Patch
code

Bioadhesive strength
(gm)

Force of adhesion
(N)

H1
H2
H3
H4
H5

2.75±0.110
3.21±0.16
3.32±0.12
3.97±0.8
5.57±0.14

0.0270
0.0315
0.0326
0.0389
0.0546

Bond
strength
(N m–2)
0.03439
0.04013
0.04153
0.04955
0.06955

Ex vivo mucoadhesion
time

Content uniformity
(%)

Folding
endurance

3.0
3.0
4.0
4.0
4.5

96.35 %
93.14 %
91.69 %
94.58 %
96.71 %

>300
>300
>300
>300
>300

Film mucoadhesion times varied from 2.0 to 4.5 h. The patches from Group IV showed the highest mucoadhesion time. This difference depends
upon several factors that affect the effectiveness of such a formulation.

Table 7: Drug release profile for Group II patches
Time in min
0
30
60
90
120
150

Cumulative % drug release
ES1
ES2
0
0
25.25
26.99
58.49
63.20
79.69
82.72
79.04
89.01
79.01
89.74

ES3
0
28.74
57.42
86.07
90.26
88.60

ESHP1
0
59.61
87.31
90.29
‐
‐

ESHP2
0
73.00
88.22
99.62
‐
‐

ESHP3
0
84.07
97.24
‐
‐
‐

Fig. 3: Drug release profile for Group I

Table 8: Drug release profile for Group II patches
Time in hour
0
1
2
3
4
5
6

Cumulative % drug release
H1
H2
0
0
60.60
52.31
75.52
79.89
94.45
93.04
‐
97.54
‐
‐

H3
0
46.04
53.35
95.69
99.02
-

H4
0
57.30
65.15
76.88
97.38
‐
‐

H5
0
20.90
29.85
45.95
50.48
69.39
81.29
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Fig. 4: Drug release profile for Group II patches:
Table 9: Vapor transmission test (VTR) for optimized batch H5
Vapor transmission rate, g cm−2 h−1
Day 1
Day 3
3.184 ×10−3
2.229 ×10−3

Day5
2.547×10−3

Day 7
3.412 ×10−3

Statistical and Kinetic analysis
Model Fitting (Average)
R
Zero order
0.9834
T‐test
12.102
1st order
0.9815
11.472
T‐test
Matrix
0.9408
T‐test
6.208
Peppas
0.9747
9.759
T‐test
Hix.Crow.
0.9830
T‐test
11.961

k
5.6518
(Passes)
‐0.0663
(Passes)
11.6256
(Passes)
7.7211
(Passes)
‐0.0209
(Passes)

t‐Table at P0.05 (Two Tails), DF=n‐2:‐
Best fit model

2.571

Zero order

Parameters for
KorsmeyerPeppas Equation
n=
0.7768
k=
7.7211

Fig. 5: Model fitting for the optimized batch H5
From the kinetic and statistical point of view the in vitro release
profile of this film was fitted putting increasing diffusion coefficient
(n) values. The (n) values were between 0.5 and 1.0, indicating that
the release of Salbutamol sulphate was by non‐Fickian diffusion.
Results are given in figure No.5. In the kinetics study, the order of
drug release from all batches followed zero‐order kinetics.

in natural human saliva. Finally the drug content was found to be
95.11%. Stability studies performed in normal human saliva would
be more appropriate to mimic the stability of drug and device in the
oral cavity in vivo.

Stability in human saliva :

On duration of one months, the optimized batches was subjected to
folding endurance test, mucoadhesion study and in‐vitro release.
The result obtained from these evaluation tests at room temperature
are as follows in table No. 10 and 11

14

The optimized patch does not show any undesirable color change or
no any unwanted physical modifications over the period of 6 hours

Stability studies:

Table 10: Stability data for optimized batches H5
Bioadhesive strength
gm.
5.57±0.14

Invitro residance time

Content uniformity

Folding endurance

4.5 hr.

95.82 %

>300
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Table 11: Drug release profile of optimized batches H5 for Stability study
cumulative %release
Time in hour
0
1
0
21.46

2
28.30

3
45.07

CONCLUSION
A new buccoadhesive patches for controlled released of Salbutamol
sulphate was developed by HPMC & Eudragit S100 in appropriate
ratio. HPMC has both film forming and good mucoadhesion
properties with drug SBS. Optimized formulation H5 shows good
mucoadhesive strength, ex‐vivo mucoadhesion time, in‐vitro drug
release and optimum swelling. HPMC with Eudragit S100 can meet
the ideal requirement for buccal mucoadhesive dosage form. Thus, it
can be concluded that the present studies established the usefulness
of buccoadhesive dosage form as potential alternative to
conventional dosage form for Salbutamol sulphate.
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