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Abstract
Mucoadhesive buccal patches containing nitrendipine were prepared using the solvent casting method. Chitosan was used as
bio-adhesive polymer and different ratios of chitosan to PVP K-30 were used. The pre-formulation study using DSC revealed
the compatibility of drug and polymer. Patches were evaluated for their physical characteristics like weight variation, drug content uniformity, folding endurance, surface pH, in vitro drug release, and in vitro buccal permeation study. Patches exhibited
controlled release for a period of 8 h. The mechanism of drug release was found to be non-Fickian diffusion and followed
the first-order kinetics. Incorporation of PVP K-30 generally enhanced the release rate. Swelling index was proportional to the
concentration of PVP K-30. Optimized patches (F6) were characterized by moderate swelling; a convenient residence times
as well as adequate drug release (93.4%). The surface pH of all patches was between 5.7 and 6.3 and hence patches should
not cause irritation in the buccal cavity. Good correlation was observed between the in vitro drug release and in vitro drug
permeation with a correlation coefficient of 0.99.
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Introduction
“Mucoadhesive drug delivery systems may be defined as drug delivery system which utilizes property of bioadhesion of certain
water soluble polymers which becomes adhesive upon hydration
and hence can be used for targeting a drug particular region of
the body for extended time of period”. The oral transmucosal
drug delivery by passes liver and avoids pre-systemic elimination
in the GI tract and liver especially peptides and proteins. Buccal
delivery involves the administration of the desired drug through
the buccal mucosal membrane lining of the oral cavity. Unlike
oral drug delivery, mucoadhesive buccal delivery system presents
a hostile environment for drugs, especially proteins and polypeptides, due to acid hydrolysis and the hepatic “firstpass” effect, the
mucosal lining of buccal tissues provides a much milder environment for drug absorption. Chitosan has been used in a wide
variety of biomedical applications like sustained release of drugs.
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In general the permeability of the oral mucosa decreases in order
sublingual>buccal>palatal. The distinct problems that is present
in the sublingual route like the drug dissolving in the saliva and
unpleasant taste and odor felt by the patient are absent in the
mucoadhesive route. (Madgulkar et al. 2009).
During the last decade, bioadhesive polymers received considerable attention as platformsfor buccal controlled delivery due to
their ability to localize the dosage form in specificregions to enhance drug bioavailability [2]. In the present study, the natural bioadhesivepolymer chitosan was selected [3]for the development
of controlled release buccalmucoadhesive devices. Chitosan is
the N-deacetylated product of the polysaccharide chitin [4] Chitosan is gaining increasing importance in the pharmaceutical field
due to its goodbiocompatibility, after both intravenous and oral
administration, and its non-toxicity andbiodegradable [5]. From
the technological point of view, chitosan has also been demonstratedto be a promising matrix carrier for sustained drug release
[6] and it possesses excellentfilm-forming properties (Gavin et
at.2009). In spite of this, only a few studies have so far been
performedon the usefulness of chitosan films as drug delivery
systems (Gibaldi et al 1985).
Nitrendipine is a calcium channel blocker used in the treatment
of mild to moderate hypertension, chronic stable angina pectoris
and Prinz metal’s variant angina. It undergoes extensive hepatic
first pass metabolism and its oral bioavailability is 11±5%. Its
duration of action ranges from 4-48 h. There is a need for an
alternative route of administration. It is a potent molecule (20 mg
once daily) with low molecular weight and lipid solubility. These
drug characteristics favor its absorption via buccal route. Buccal
delivery of nitrendipine may circumvent hepatic first pass metabolism to improve its bioavailability. Hence in this work fabrication
of mucoadhesive buccal films of nitrendipine using bioadhesive
polymers was executed.
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The main objective of the present study was to establish and evaluate matrix type transdermal therapeutic systems containing new
polymeric Combinations (Chitosan/PVP K 30) as polymers and
nitrendipine as a model drug which can release the drug into the
body via mucus for longer duration of action (8 hrs), improved
bioavailability, better compliance and better management of hypertension on long term basis. Several advantages of muccoadhesive systems were anticipated e.g. increased patient compliance,
better therapeutic efficacy, reduced side effects and a reduced total dose.

Material and Methods
Nitrendipine (NTD) was obtained as a gift sample from Concept
Pharmaceuticals, India. Chitosan were purchased from Hi-media.
Polyvinylpyrrolidone K-30 (PVP K-30) was purchased from SD
Fine chemicals Ltd, India. All additives were used as such. Gift
sample of nitrendipine was subjected to tests specified in monograph of British Pharmacopoeia 2004.

Preparation of Mucoadhesive Buccal Patches
Patches containing different drug and chitosan proportions were
prepared by the solvent casting method. 200mg of chitosan was
dissolved in 100 mL 1.5% (V/V) acetic acid under occasional stirring for 48 h. The resulting viscous chitosan solution was filtered
through nylon gauze to remove debris and suspended particles.
To improve patch performance and release characteristics, a water-soluble hydrophilic additive, PVP K-30, was added in different concentrations. The drug and PVP K-30 were added into the
chitosan solution under constant stirring. Propylene glycol (5%,
V/V) was added into the solution as plasticizer under constant
stirring. This viscous solution was left overnight at room temperature to ensure a clear, bubble-free solution. The solution was
poured into a glass Petri dish (16 cm diameter) and allowed to
dry at ambient temperature till a flexible film was formed. Dried
films were carefully removed, checked for any imperfections or air
bubbles and cut into patches of 16 mm in diameter, containing
10 of drug per patch. The patches were packed in aluminum foil
and stored in an airtight glass container to maintain the integrity
and elasticity of the patches. Table 4 shows the composition of
different buccal patches.

Evaluation of Buccal Films of Nitrendipine
Physical appearance
The films were observed visually for their physical appearance
such as color and transparency.
Surface texture
The surface texture of the films was evaluated by pressing the
film with finger.
Weight variation
Four films of each formulation were taken weighed by using
single pan balance and average weight films were calculated and
standard deviations were computed.
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Thickness and size
Four Films of each formulation were taken and the thickness of
the film was measured using screw gauge at different places. The
average film thickness and standard deviation were computed.
Folding Endurance
The folding endurance was measured manually. A small strip of
film 2 cm2 of each formulation was taken and folded at the same
place till it breaks. The number of times a film could be folded at
the same place gave the value of folding endurance. Average of
three determination were calculated and standard deviation were
computed. (Sharma et al 2012)
Surface pH
The surface pH of the film was determined by allowing the film
to swell by keeping them in contact with 0.5 ml of distilled water
(pH 6.5±0.05) for 1 hour in 50 ml glass beaker. The surface pH
was noted by bringing a combined glass electrode near the surface of the film for 1 min using pH meter. The pH was recorded
and average of three determination and standard deviation was
computed.
Drug content
Drug content uniformity was determined by tacking film area of
1.5 cm2 from each formulation and it was placed in 50 ml of
volumetric flask contained 50 ml of phosphate buffer of pH 6.4.
It was kept aside for 6 hours and volume was made up to 100 ml
with the buffer of pH 6.4. The content of (drug) nitrendipine
was calculated using standard graph. Averages of three determinations were calculated.
Swelling studies
Buccal films of 2 cm2 area from each formulation were taken accurately weighed by using single pan balance (W1 gms) and it was
placed in a petridish contained 50 ml distilled water. After different time intervals film was removed and blotted with filter paper
and weighed again. The weight of the film was noted (W2). The
swelling index was calculated by the formula (Panchal et al. 2012)
Swelling index = (W2-W1) / W2 × 100
Where W2 = Wet weight of the film
W1 = Dry weight of the film
In-vitro drug release
The USP 23 (24) rotating paddle method was used to study the
drug release from buccal patches. The dissolution medium con
sisted of 200 mL of isotonic phosphate buffer pH 6.4. The
elease was performed at 37 ± 0.5 °C, at a rotation speed of 50
rpm. One side of the buccal patch was attached to a glass disk
with instant adhesive (cyanoacrylate). The disk was put in the
bottom of the dissolution vessel so that the patch remained on
the upper side of the disk. Samples (5 mL) were withdrawn at
pre-determined time intervals and replaced with fresh medium.
The samples were filtered through 0.45 mm Whatman filter
paper with appropriate dilutions with phosphate buffer pH 6.4
and were assayed spectrophotometrically at 355 nm.( Margret et
al 2009).
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In vitro buccal permeation study
The in vitro study of Nitrendipine permeation through the sheep
buccal mucosa was performed using a Keshary-Chien type glass
diffusion cell at 37 ± 0.2 °C. Sheep buccal mucosa was obtained
from a local slaughterhouse (used within 2 h of slaughter).
Freshly obtained sheep buccal mucosa was mounted between the
donor and receptor compartments so that the smooth surface of
the mucosa faced the donor compartment.
The patch was placed on the mucosa and the compartments
clamped together. The donor compartment was filled with 1 mL
of isotonic phosphate buffer pH 6.4. The receptor compartment
(15 mL capacity) was filled with isotonic phosphate buffer pH 6.4
and the hydrodynamics in the receptor compartment was maintained by stirring with a magnetic bead at 100 rpm. One mL sample was withdrawn at predetermined time intervals and analyzed
for drug content at 355 nm.

Result and Discussion
Buccal delivery of drug provides an attractive alternative to the
oral route of drug administration, particularly in overcoming deficiencies associated with the latter mode of dosing. A combined
polymers were used (Chitosan combination with PVP K-30) for
the preparation of buccal films contained Nitrendipine as a model
drug.
The drug was subjected to various pre-formulation studies which

include solubility, melting point, and partition coefficient. The
melting point was found to be 158ºC. The partition coefficient
was found to be Log P (n-butanol/water), 2.88.In the next phase
the DSC thermograms for physical mixture (drug + Chitosan+
PVP K-30) was taken to understand the drug polymer interaction.
The DSC thermogram of physical mixture showed peak at
158.64oC which is very close to melting point of pure nitrendipine, since the peak of drug was found to be intact in the mixture,
it is concluded that that there was no interaction between drug
and the excipients.
Prepared mucoadhesive buccal films were evaluated for their various physical parameters such as appearance, surface texture, and
weight variation, thickness, folding endurance, surface pH and
drug content. The results are depicted in Table: 1.
Appropriate swelling behavior of a buccal adhesive system is the
essential property for uniform and prolonged release of the drug
and effective mucoadhesion. The swelling study indicated that the
swelling index was higher in patches containing a higher amount
of PVP K-30. Examination of the patches during the dissolution
studies also revealed that the patches showed considerable swelling, especially at higher concentrations of PVP K-30. The weak
aqueous solubility of the cationic polymer (chitosan) limited the
swelling of the patches, which was observed in placebo patches.
Addition of the hydrophilic polymer PVP K-30 increased the
surface wettability and consequently water penetration within the
matrix. Patches did not show any appreciable changes in their

Figure 1: DSC Thermogram of physical mixture of Nitrendipine
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Table 1: Physical characteristics of buccal films of Nitrendipine
Formulation code

Appearance

Surface texture
Very Smooth

*Average Weight
(mg± SD)
28±1

*Thickness (
mm )
0.35±0.05

*Folding
Endurance
250±16

*Surface pH
6.32±0.13

*Drug
Content (%)
98.09±0.3

F-1
F-2
F-3
F-4

+
+
+

Very Smooth

47±1

0.43±0.09

200±10

6.01±0.07

98.29±0.2

Very Smooth

55±1

0.51±0.06

225±10

6.30±0.19

98.84±0.4

+

Very Smooth

64±1

0.54±0.09

200±10

6.11±0.05

98.57±0.2

F-5
F-6
F-7
F-8

+
+
+
+

Very Smooth
Very Smooth
Very Smooth
Very Smooth

69±1
72±1
75±1
79±1

0.61±0.03
0.91 ± 0.81
1 .11 ± 0.01
1.11±0.01

189±12
200±13
175±14
225±15

5.93±0.13
5.70±0.21
6.65±0.18
5.81±0.03

98.06±0.3
98.07±0.3
98.27±0.2
98.43±0.4

+ : Transparent * Average value of three determinations
Table 2: Swelling studies of buccal films of Nitrendipine
Formulation Code
F-1
F-2
F-3
F-4
F-5
F-6
F-7
F-8

Initial Weight (gm) Swelling Index (1hr)
0.100
5
0.118
10.16
0.125
13.6
0.132
12.12
0.140
12.8
0.148
14.18
0.175
5.7
0.180
9.4

shape and form during the 3 h that they were kept on a 2%
agar gel plate. The optimized patch (F6) showed a 22.9 ± 1.2%
swelling index due to water absorption within 3 h. swelling behavior of patches as a function of time is shown in Table 2. It
was observed that medicated patches had a higher swelling index
compared to plain patches.
In-vitro release studies were carried out using Dissolution apparatus (USP 23 rotating paddle method) in phosphate buffer of
pH 6.4.
The percentage release of drug from all formulation F1 to F8
is as follows: 47.65, 69.13, 74.93, 84.19, 88.27, 93.4, 78.64, and
87.65 at the end of 8hrs respectively. Among various formulations F6 has released maximum amount of drug within 6hrs. The
order of retardation time for different films was as follows F1 >
F2 > F3 > F7 > F4 > F5 > F8> F6.The reason might be due
to water permeability characteristics of the film i.e., the lower
the water permeability co-efficient the greater the extended drug
release characteristics observed. The drug released increased
linearly with the increasing concentration of PVP K- 30 from
batches F1 to F6. The maximum in vitro release was found to
be 93.4 ± 1.3% over a period of 8 h in batch F6, containing the
highest amount of PVP K–30, which could be attributed to its
high rate and extent of swelling. This finding was also supported
by the results of swelling studies where the highest swelling index was also exhibited by batch F6, indicating that the increase in
water-soluble polymer PVP-K30 content results in faster swelling and release from patches.
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Swelling Index (3hr)
8
16.9
17.6
19.6
19.2
20.2
8.5
17.2

Swelling Index (3hr)
11
18.6
20
21.9
22.8
22.9
10.2
19.4

The kinetic values obtained from different plots are listed in
Table No 4. The data was subjected to first order kinetics by
plotting Cumulative % drug retained vs time in min. Fairly linear plots were obtained for all formulation with regression value
between (0.9784 to 0.9967) indicated that the rate of drug release
was followed first order kinetics.
Further the data was fitted with Higuchi equation and showed
linear plots with their high regression co-efficient value between
(0.9907 to 0.9919) indicated that the mechanism was diffusion
controlled.
To know whether the fickian and non-fickian diffusion, the data
was further subjected to Korsmeyer’s equation. Fairly linear plots
were obtained with the regression co-efficient values 0.9916 to
0.9996 and The value of release exponent “n” calculated as a
slope defines the release mechanism. The value of “n” obtained
for all the formulations was > 0.5 - > 0.89 suggested that the
drug release followed non-fickian anomalous diffusion.
F6 patches were characterized by moderate swelling as well as adequate drug release. These patches were subject to investigation
of in vitro drug release. They showed 93.95% drug permeation
in 8 h through sheep buccal mucosa. Good correlation was observed between in vitro drug release and in vitro drug permeation
with a correlation coefficient of 0.99 (Fig. 4.)
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Table 3: In-vitro release studies of mucoadhesive buccal patches of Nitrendipine
S. No
1
2
3
4
5
6
7
8

Formulations
Formulation - 1
Formulation – 2
Formulation – 3
Formulation – 4
Formulation – 5
Formulation – 6
Formulation - 7
Formulation - 8

Cumulative percentage of drug release (%)
47.65
69.13
74.93
84.19
88.27
93.40
78.64
87.65

% of Drug Release

Figure 2: Comparative In- vitro drug release profile nitrendipine mucoadhesive buccal formulations 1,2,3,4
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Figure 3: Comparative In- vitro drug release profile nitrendipine mucoadhesive buccal film formulations 5,6,7,8
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Table 4: R2 values of drug release kinetic models for nitrendipine mucoadhesive buccal film formulations
Kinetic Models
Zero order model
First order model
Higuchi model
Korsmeyer- peppas model
Korsmeyer-peppas “n”
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F1
0.9908
0.9967
0.9919
0.9967
0.655

F2
0.9954
0.9859
0.9907
0.9935
0.5149

F3
0.982
0.9861
0.9909
0.9934
0.616

F4
0.9868
0.9784
0.9914
0.9943
0.519

F5
0.9683
0.9795
0.9918
0.9948
0.6847

F6
0.9527
0.9915
0.9779
0.9931
0.5266

F7
0.9642
0.9967
0.9919
0.9916
0.6566

F8
0.9713
0.9835
0.9917
0.9996
0.5501
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% In-Vitro Drug Permeation

Figure 4: Correlation between in vitro drug release and in vitro drug permeation
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Conclusion
From the present investigation, one can conclude that the optimized buccoadhesive patch (F6) of Nitrendipine with the combination of chitosan and PVP K-30 can meet the ideal requirements
for buccal devices, which can be a good way to bypass the extensive hepatic first pass metabolism.
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