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ARTICLE INFO ABSTRACT

Key words: Nifedipine and atenolol were combined to create a three-layer buccal film that
effectively treated hypertension with fewer adverse effects. A triple layer was
Buccal adhesive film, created, with one layer containing atenolol in an immediate release layer
Atenolol, Nifedipine, separated by the backing layer, and one layer containing nifedipine in a
triple layer prolonged release layer to sustain the release rate and avoid first-pass
metabolism. The materials used for preparing the film include hydroxyl propyl
methyl cellulose (HPMC E15), chitosan, polyvinyl chloride (PVC), and
polyvinyl pyrrolidone K-30 (PVP K-30). Several physiochemical parameters,
including folding endurance, thickness of the film (mm), weight variation,
surface pH, texture, and tensile strength, were assessed for the produced
formulation. The in vitro bioadhesive strength, swelling index, and in vitro drug
release studies were studied. The study showed that the film has good physical
parameters and in vitro release showed 91.63 % release for immediate release
and 96.91 % release for sustained release layer. The in vitro bioadhesion studies
were carried out using goat mucosa suggesting good bioadhesion of the films for
24 h. Thus, from the study, it can be concluded that the triple-layer film was
prepared and evaluated which can be used for effective control of hypertension.
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site  of absorption bypassing different

INTRODUCTION: metabolic processes.[3] Among the different

The conventional delivery system is widely
accepted system across the globe and has
traditionally followed for years. However
conventional therapy has several
disadvantages such as adverse effects,
inefficiency in reaching the target site,
failure to adhere, frequent dosing, and many
more. The problem related to the traditional
dosage form can be surpassed by alternative
and novel delivery systems which are
blooming up leading to various new paths in
the science of delivery systems.[1,2] The
efficiency of the drug can be improved by
increasing the drug localization time at the

methods of drug delivery, the buccal delivery
system is one of the prominent methods of
drug delivery which can overcome many
conventional drawbacks. Due to its
abundance of blood capillaries, the buccal
mucosa is a great place to provide
medication. This method of administration
allows the drugs to enter the bloodstream
directly, avoiding the stomach environment
and first-pass metabolism, thus improving
the drug's bioavailability.[4] Because self-
application is possible, the buccal delivery
system is safe and has good patient
compliance. In an emergency case, it is
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possible to stop the distribution system at
any time. When compared to alternative
distribution methods or buccal tablets, the
buccal film is more flexible and
palatable.[5,6] Nifedipine is a cardiovascular
medication that is a member of the calcium
channel blocker class. It is a preferred
medication for the management of angina
pectoris and hypertension.  Nifedipine
possesses a shorter biological half-life of two
hours and a rapid hepatic metabolism.
Nifedipine is a good option for the extended
layer of triple-layer film because of its low
absorption and low therapeutic dose of 20
mg.[7,8] Atenolol is a selective antagonist
that falls within the class of [-receptor
blockers, atenolol is used to treat heart
failure, angina, hypertension, and myocardial
infarction. Its half-life is 6-7 hours, and its
first-pass metabolism is quite low (>10%).
This medication does not significantly affect
hepatic metabolism when taken orally.[9,10]
In the present work, Atenolol is incorporated
in the immediate (fast) release layer and
nifedipine in the controlled release layer.
This combination of Atenolol and nifedipine
is more effective in the control of
hypertension than atenolol alone. As this
combination is more effective in lowering
blood pressure at a low dose than atenolol
alone. So, lowering the dose of atenolol can
decrease the side effects of this drug without
reducing the therapeutic effect. The
immediate release layer was formulated with
HPMC (E-15) polymer, and the sustained
release layer was formulated with Chitosan,
PVA, and PVP K-30. Both the layers were
strongly attached with the help of PVA.

MATERIALS AND METHOD
Materials

Nifedipine and Atenolol were sample drugs
gifted by Mylan Laboratories Limited,
Hyderabad. Chitosan was purchased from a
commercial source Hi-Media, PVA, and

PVP were purchased from Qualikems Fine
Chem Pvt. Ltd. HPMC was purchased from
Central Drug House (P) Ltd. All the reagents
and chemicals used are of analytical grade;
double-distilled water was used for the
research purpose.

Methods

Compatibility studies: Interaction between
the drug and the excipients was determined
by using FTIR spectrophotometry. KBr
pellet technique was used for FTIR studies.
FTIR spectrum of plain drug Nifedipine and
Atenolol, plain polymers, and a mixture of
polymers and the drug were performed.[11]

Preparation of Triple-layered buccal
films: All three layers of the buccal film
were made up of different polymers and their
combination to provide different drug release
rates. These films were fabricated by solvent
casting technique using a petri plate.
Propylene glycol was incorporated to
increase the plasticity and tween 60 was
added as permeation enhancer. [12] These
films were cast in three steps:

Preparation of immediate release layer:
Accurately weighed quantity of HPMC was
solubilized in 10ml of double distilled water
and with rapid and consistent stirring
propylene glycol was gradually added. The
drug was added and mixed uniformly. After
mixing, the solution was kept for sonication
to make the solution clear and bubble-free.
Then the resultant mixture was transferred
carefully into the petri plate. The film was
dried at 50°C for 3 hours in a hot air oven.'?
The formulation details of the immediate
layer are given in Table 1.

Preparation of backing layer: 10 ml of
10% PVA solution was prepared by
solubilizing PVA in water at 60 °C then
poured on the dried HPMC layer and again
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drying was carried out at 60 °C for 1 hour in
the oven.[13]

Preparation of sustained release layer

An accurately weighed quantity of chitosan
was taken and mixed with 100 ml of acetic
solution (1.5 % v/v) and stirred continuously
till it was completely dissolved.[14] 20 ml of
chitosan solution was taken and PVP and
PVA were dissolved properly. The drug was
mixed properly with tween 60 and propylene
glycol (plasticizer) using a magnetic stirrer
under constant stirring, then the chitosan
solution was mixed with the drug. All the
components were mixed well. The resultant
mixture was kept aside without disturbing
the air bubbles which gradually disappeared.
The resultant preparation was placed on the
already-dried film of HPMC and PVA and
dried at 50 °C for five hours in tray dryers.
After drying the resultant film was cut into
2.5cm? sizes for evaluation studies.[15] The
formulation details of the sustained release
layer are given in Table 2. For easy
evaluation studies, the films were prepared
separately (Immediate release layer +
backing layer) and (backing layer +
Sustained release layer). These films were
made by following only two steps mentioned
above. After evaluation, the films with the
best results were cast in triple-layer films,
and their physical parameters were
evaluated.

Evaluation of buccal film: For the easy
evaluation of triple-layer films two separate
films are prepared. One with immediate
release film attached to the PVA Backing
layer and the second with sustained release
film attached to the PVA backing layer.
After optimization, the films with better
results are combined finally to produce the
triple layer films. Evaluation of each layer
was performed individually.

Physical Appearance: Physical appearance
is done by regular inspection by visualization
and surface texture evaluation by feel or
touch.[16]

Uniformity of weight of films: Weigh six
films individually using digital balance and
average weights were calculated.[17]

Thickness of films: Three randomly selected
films were used for thickness measurement.
The thickness of the film was determined by
using a venire caliper with a least count of
0.01 mm at various spots and an average was
noted.[17]

Folding endurance: Folding endurance is
quantitatively measuring the flexibility of
films. The folding endurance of films was
measured by folding films repetitively at a
similar position until the film broke. The
number of times that a film can be folded in
a comparable manner without breaking
indicates how durable the prepared film is
for folding.[18, 19]

Swelling index: The swelling index was
measured by soaking pre-weighed film in
approx. 50 ml of water. Carefully take out
the film from the water after 8 hours and it is
blotted with the help of filter paper and
weighed accurately.[20] The swelling index

is calculated by,
Wet weight - Dry

Percent Swelling Index =
weight %100

Dry weight

Surface pH of films: The pH of the film
surface was determined by placing the
electrode on the film surface and
equilibrating it for 1 min. Three readings
were noted, and the mean was
calculated.[21]

Tensile strength: Tensile strength is an
important characteristic for the buccal film to
maintain its integrity at the time of
administration. To split the film into two
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pieces, force or applied stress is needed. The
device is made in a lab to ascertain the
buccal film's tensile strength, as depicted in
Figure 1. The weighing balance was
modified and employed to determine the
strength of the prepared film. In the weighing
balance, one side of the pan is replaced with
a plate and it is tied with a hook to hold the
film in place. The balance is equilibrated by
placing weight on the right hand of the
balance. Balance was changed so that it can
fix the film in between 2 hooks holds on
horizontal beams. On one side the film was
attached and on the other pan weights were
added.[22] Tensile Strength is calculated as

T =M x g/ b xt Dynes/cm?

Where, T is the stress to break a film, M is the
mass added to tear the film, g is the
acceleration due to gravity, is the breadth of
the film (cm), and t is the thickness of the film
(cm).

Determination of drug content: The whole
film was taken and cut into equal pieces of
25 cm® length. For drug content
determination, a piece of film was placed in
a mortar and crushed with the help of a
pestle. Methanol was added to the crumbled
film, evenly triturated to dissolve the drug
component, and then further diluted to a
volume of 100 milliliters. Using Whatman
filter paper, the final solution was filtered.
Using a UV spectrophotometer (UV-1700
Double beam, SHIMADZU) set at 238 nm
for nifedipine and 226 nm for atenolol, the
drug content is measured.[23]

0 drua (andien
wl b.:‘ A‘JW‘.I'.J

= Practical loading of drug in thefilm/ Theoratical drugloading X 100
In-vitro drug release study: For the in-vitro
release study, the USP dissolution apparatus
was used. The dissolution was carried out
using 400 ml of phosphate buffer pH 6.8 at
100 rpm using apparatus type Il. A piece of

film (2.5 cm?) was used and stuck to a glass
slide to avoid floating the film above the
media. At different time points, 2 ml samples
were taken and placed with a buffer medium
so that the sink condition was maintained.
The absorbance of the sample was measured
at 226 nm and cumulative release was
determined.[24]

Mucoadhesion study: A mucoadhesion
study was implemented for the sustained
release layer made up of chitosan and
nifedipine drugs. This study was performed
with the help of a modified physical balance
technique as shown in Figure 2. Bioadhesive
performance is based on the stress applied to
remove the film from the membrane surface.
Modified physical balance is utilized to
determine the mucoadhesive property.
Balance with two arms is used for the study,
the right pan is removed and replaced with a
glass slide to which a film of 2.5 cm? has
been attached at the center. On the left pan, a
beaker is placed to counterbalance the right
arm. The burette is placed above the beaker
at a height so that water can be added
directly to the beaker. A glass beaker is
placed below the glass slide containing the
film. A beaker is filled with pH 6.8
phosphate buffer to mimic saliva condition.
A beaker is placed on a magnetic stirrer with
a temperature controller to maintain the
temperature at 37+0.5 °C. 3 cm of goat
mucosa is isolated and placed tightly on
another glass slide and this slide is placed
below the other glass slide carrying the
formulated film. The film was moistened
using buffer pH 6.8 and it is kept in
phosphate buffer pH 6.8 for 30 sec for
swelling and hydration. The glass slide
containing the film is placed in contact with
another glass slide containing mucosa. The
assembly was kept as such for 3 min to
create adhesive force between the force and
tied mucosa. After 3 minutes, water is added
to the beaker with the help of a burette. The
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water was added continuously until the film
detached completely from the membrane
surface. The weight of water collected at the
time of detachment is noted. The water’s
weight required to remove the film is used to
determine the mucoadhesive force.[24, 25]

Mucoadhesion force, F = (W, * @)

SA
W,,= weight of water (g)
g =Acceleration due to gravity (cm/s?)
SA = Surface area of the film (cm?)
Permeability study: Permeation study was
done with the help of dialysis membrane
using Frank diffusion cell. In this diffusion
cell, there is one receptor compartment and
one donor compartment separated by a
dialysis membrane. The receptor
compartment contains 50 ml phosphate
buffer (pH 6.8) plus 0.5% wi/v tween 60. The
film was placed on the dialysis membrane
between the donor and  recipient
compartments. To maintain a temperature of
37 £ 0.5 °C, the assembly is put on a
magnetic stirrer equipped with a temperature
controller. The stirring was done at 50 rpm.
At regular intervals, 5 ml of the sample was
removed and replaced with the same volume
of phosphate buffer that was intended. Using
a UV spectrophotometer (Shimadzu, Japan),
the drug release was measured at 238
nm.[26]

Drug release Kinetic study: Drug release
kinetics was determined to determine the
release rate of the film and also to treat it
with mathematical models to determine the
pattern of release such as zero order, first
order, Higuchi and Peppas equations.[27]

RESULTS AND DISCUSSION
Drug—Polymer Compatibility:

IR Spectra of Nifedipine and Polymers: IR
spectra were determined for Nifedine

individually and in combination with
polymers. An IR spectrum of nifedipine
indicates the peaks 3330.60 cm™ which is the
region of N-H, str, 2962.76 cm™ corresponds
to C=C str, 1529.39 cm™ corresponds to Ar-
NO str and 1678.98 cm™ corresponds to
C=0 str.[28] These are the characterized
peak of the drug nifedipine and the same
peaks were present in the IR spectra of
nifedipine with the polymers as shown in
Figures 3 and 4.

IR Spectra of Atenolol and Polymers: In
the IR spectra of the drug Atenolol, the peak
indicates characteristic peaks at 3354.55 cm™
of N-H stretching and 1636.52 cm-1 of C=0
stretching of the amide group. The peaks at
1417.62 cm™ and 1242.80 cm™ correspond to
the presence of the alcoholic —OH group.
The presence of a peak at 3358.55 cm™ is of
N-H stretching and 1636.88 cm™
corresponds to C=0 stretching of the amide
group respectively. The peaks present at
1419.51 cm™ and 1241.16 cm™ show the
presence of the alcoholic —OH group. All the
prominent peaks of the drug were unchanged
in the mixture of drug and polymer. The
spectrum indicated that there is no drug
excipient interactions.[29] Figure 5 and 6
represents the spectrum of atenolol and
physical mixture of atenolol and the
polymers. ATN1 formulation is found to
have less flexibility due to higher
concentration of polymer in the prepared
films, this formulation also has very hard
texture. As the concentration of polymers is
decreased to drug-polymer ratio 1:1 the
formulation is found to have increased
flexibility. ATN3 formulation is found to
have flexible texture as compared to the
other formulations having folding endurance
of 178 folds as well as comparatively good
tensile strength. In case of formulation
ATN4 and ATN5 the concentration of
polymer is constantly decreasing which
causes brittleness of the formulation due to
high drug content. Different physical
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parameters are tabulated in Table 3. The
percent cumulative drug release is shown in
Figure 7. Cumulative % drug release was
found to be less with the formulation ATN1
and ATN2 with drug release of 69.94% and
82.02% respectively in 30 minutes time
interval. But in case of ATN 3 and ATN 4 it
was increased to 91.63% and 94.01%
respectively. It was due to decrease in
polymer concentration, which results in
increased drug release. In case of ATN3
68.18% of drug release was found after 10
minutes. The required drug release was
above 90% within 30 minutes. This criterion
was passed by ATN3, ATN4 and ATN5
formulation. But ATN4 and ATNS5
formulation failed the physical parameter test
as they have less folding endurance and
brittle texture. So ATN3 is found best among
all these formulations. Drug content study
indicates the uniformity of drug content in
the prepared formulation. Table 4 represents
the drug content studies of immediate release
layer. Percentage of drug found to be
95.01%, 98.47%, 98.26%, 96.38%, 95.23%
in formulation ATN1, ATN2, ATN3, ATN4,
ATNS5 respectively which is satisfactory in
all formulations. Hence the formulation
ATNS3 had passed all the parameters having
good tensile strength, folding endurance as
well as percentage drug release of 91.63% in
30 minutes and percentage of drug content
98.26%. So ATN3 formulation was the best
one among all the immediate release
formulations. Physical Parameters tests for
sustained release layer was tabulated in
Table 5. Formulation from NPN1 to NPN9
was found to be flexible and has good tensile
strength, which ensures that the films can be
easily folded without breakage. Folding
endurance of the film was found to be more
than 200 folds considered as good folding
endurance of film. Surface pH should be
near neutral and for the prepared film pH is
in the range of 5.6 to 6.3 which was in
satisfactory range. All the films have good

tensile strength due to the backing layer of
PVA. Weight of films increases according to
batches due to increase in polymer amount in
each batch. Percentage drug release in the
duration of 8 hrs was 61.4, 70.23, 75.83,
79.73, 80.31, 82.26, 84.02, 86.45 and 89.73
respectively for formulation NPN1 to NPNO.
NPN1 composed of only chitosan produces
very low drug release within 8 hr. Slowly the
increase in drug release was found by adding
PVP in NPN2 and further increasing its
concentration in NPN3, NPN4, NPN5 to
0.4,0.5,0.6% respectively. The presence of
the hydrophilic additive, PVP in chitosan
films seemed to increase the surface
wettability and swelling of the films. When
PVA is added along with PVP, it was
observed that drug release was further
improved.[30] In the formulation NPN?7,
NPN8, NPN9 the drug release was found to
be 84.02, 86.45 and 89.73 respectively which
is in satisfactory range. As compared to all
formulations NPN9 has the maximum drug
release within 8 hrs. In-vitro permeability
data was represented in Figure 8.

Swelling studies: Swelling index affects the
release rate of the drug from the formulation.
Table 6 represents the percentage swelling
index. It was observed that with the
increment in the amount of PVP from 0.3%
to 0.6% increases the swelling index from
14.69% to 20.99%. It was further increased
by adding PVP and PVA to the NPN9
formulation to 27.22%. Swelling affects the
drug release form the formulation. With
increased swelling the drug release also
increased. Swelling was amplified with the
increment in the concentration of PVP and
PVA in the prepared formulations.[31, 32]
Table 7 represents the drug content and
mucoadhesion studies of sustained release
layer. Bioadhesive strength was found to be
increased, by the addition of PVP and PVA
in the formulations. PVA polymer produced
good bioadhesive properties when it was
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used in addition with PVP.[32] According to
literature chitosan possess good bioadhesive
strength in absence of drug, but after the
addition of drug its bioadhesive strength
decreases. Decrease in the bioadhesive
strength depends on the amount of drug
added. Other polymers like PVA and PVP

are used to increase bioadhesive strength and
swelling properties.[33] According to the
results NPN9 formulation was considered the
best formulation having high release rate of
89.73% and good bioadhesive strength
among all formulations.

Table 1: Formulation details of Immediate Release Layer

FC Drug (mg) HPMC E-15 (mg) Plasticizer (%) Distilled water (ml)

ATN1 50 150 5% 10

ATN2 50 100 5% 10

ATN3 50 50 5% 10

ATN4 50 25 5% 10

ATN5 50 12.5 5% 10

FC = Formulation code
Table 2: Formulation details of Sustained release Layer
FC | Drug (mg) Chitosan PVP PVA Tween60 Propylene
(1.5%v/v acetic K-30 (%) (%) Glycol (%)
acid) (%)
NPN1 20 1% - - 1% 5%
NPN2 20 1% 0.3% - 1% 5%
NPN3 20 1% 0.4% - 1% 5%
NPN4 20 1% 0.5% - 1% 5%
NPN5 20 1% 0.6% - 1% 5%
NPN6 20 1% 0.6% 0.3% 1% 5%
NPN7 20 1% 0.6% 0.4% 1% 5%
NPN8 20 1% 0.6% 0.5% 1% 5%
NPN9 20 1% 0.6% 0.6% 1% 5%
*FC = Formulation code
Clamps Weigh
Eilm ﬁ *

Figure 1. Modified tensile strength tester
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Figure 2. Physically modified balance for the measurement of Mucoadhesive strength
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Evaluation results of immediate release layer (atenolol)
Table 3: Physical parameters test results for immediate release film

Formulation | Surface pH Folding *Thick | Texture | *Weight Tensile
code endurance ness variation strength
(mm) (mg) (dynes\cm?)
ATN1 7.1£0.01 145 053+ Less 203+ 5.7 9.2x10°
0.05 flexible
ATN2 7.22 +0.03 156 0.56 + | Flexible | 176 £5.7 8.7x 10°
0.05
ATN3 0.63 + 0.05 178 Flexible | 110+5.7 7.7 x 10°
ATN4 0.66 £ 0.05 60 Brittle 93.3+5.7 7.4 x 10°
ATN5 0.66 + 0.05 30 Brittle | 83.3+ 5.7 7.4 x 10°
*Mean + SD, n=3
Table 4: Drug content study for immediate release layer
Formulation code ATN1 ATN2 ATN3 ATNA4 ATNS
*Drug content % 95.01 98.47 + 98.26 + 96.38 + 95.23 +
3.83 2.70 1.47 3.60 2.53
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Figure 7.

Evaluation results of sustained release layer (nifedipine)
Table 5: Physical Parameters tests for sustained release layer

Percentage cumulative drug release for Immediate release layer *Mean + SD, n=3

Formula | *Surface Folding | *Thickness | Texture *Thickness | *Weight Tensile
tion code | pH endurance | (mm) (mm) variation strength
(mg) (dynes/cm?)
NPN1 5.9+0.08 >200 0.43+0.05 Flexible 0.43+0.05 83.3+5.7 6.2 x 10°
NPN2 56+0.12 >200 0.46+0.05 Flexible 0.46+0.05 90+8.1 6.6 x 10°
NPN3 6.3 +£0.02 >200 0.43+0.05 Flexible 0.43+0.05 103.3+5.7 7.3 x 10°
NPN4 6.1 £ 0.05 >200 0.46+0.05 Flexible 0.46+0.05 106.6 + 57 |8.6x10°
NPN5 5.8+ 0.04 >200 0.46+0.05 Flexible 0.46+0.05 113.3+5.7 8.6 x 10°
NPN6 6.2 £ 0.02 >200 0.53+0.05 Flexible 0.53+0.05 116.6 £5.7 9.2 x 10°
NPN7 6.0+ 0.01 >200 0.56+0.05 Flexible 0.56+0.05 123.3+ 5.7 9.7 x 10°
NPN8 6.2 £ 0.03 >200 0.56+0.05 Flexible 0.56+0.05 126.6 + 5.7 9.7 x 10°
NPN9 6.3+0.02 >200 0.63+0.05 0.63+0.05 136.6 £5.7 9.8 x 10°
*Mean + SD, n=3
Table 6: Percentage swelling index
Formulation | NPN | NPN | NPN | NPN | NPN | NPN | NPN | NPN | NPN
code 1 2 3 4 5 6 7 8 9
Swelling 12.27 | 14.69 | 1542 | 19.06 | 20.99 | 24.38 | 24.13 | 26.49 | 27.22
index +0.27 | +230 | +1.34 | £220 | +281 | £3.34 |£232|+266 | £1.21
Table 7: Drug content and Mucoadhesion studies
Formulation Drug content | Mucoadhesion (g) | Bioadhesive force | Bond Strength
code % (N) (Nm?
NPN1 95.67+25 32+1.2 0.031 124
NPN2 93.22+2.0 6.51+2.3 0.063 252
NPN3 91.35+ 3.9 84+15 0.082 328
NPN4 97.92+1.0 97+21 0.095 380
NPN5 99.09 + 3.3 11.3+£2.6 0.110 440
NPN6 95.71+ 2.2 16.4£2.5 0.160 640
NPN7 92.03+3.1 18.2+1.9 0.178 712
NPN8 97.33+ 3.2 19.4+£22 0.190 760
NPN9 96.91+1.2 222+2.1 0.217 868
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Table 8: Kinetic data of nifedipine mucoadhesive buccal film

FC First- Zero-order | Higuchi Peppas plot
order (R?) (R? (R? ,

(R n-value
NPN1 0.9949 0.9949 0.9387 0.9883 0.8763
NPN2 0.9552 0.9551 0.9789 0.9673 0.5486
NPN3 0.9002 0.9001 0.9978 0.9953 0.4957
NPN4 0.8750 0.8749 0.9970 0.9936 0.4595
NPN5 0.8470 0.8469 0.9961 0.9949 0.4426
NPN6 0.8898 0.8897 0.9953 0.9837 0.4580
NPN7 0.8649 0.8648 0.9959 0.9876 0.4372
NPN8 0.8415 0.8414 0.9966 0.9948 0.4247
NPN9 0.8219 0.8217 0.9957 0.9995 0.4215

Table 9: Physical Parameter tests for triple layered optimized film

Formulation Texture Surface pH Folding | Thickness(mm)
code endurance
TL1 Flexible 6.8 +0.02 168 0.93+0.05

% Cumulative diug release

s NPNG
==NPN7

NPNS8
i NPN9

Time (hr)

10

Figure 8 (a). In-vitro permeability studies (NPN1-NPN5)
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% Cuomulative drug release

Time (hr)

sl NPNG
= NPN7
NPN8

e NPNO

Figure 8 (b). In-vitro permeability studies (NPN6 — NPN9

All the formulations were found to have
acceptable tensile strength as well as folding
endurance due to application of PVA
backing layer during preparation. Swelling
index of NPN9 formulation was found to be
good which effects the release rate of the
drug through formulation. ATN3 and NPN9
formulations were found to be optimized and
show best results. So their polymer
concentrations  were used in  the
manufacturing of triple layer buccal films
contains atenolol and nifedipine drugs in two
different layers.

Drug Release Kinetics: The drug release
mechanism can be tracked using different
kinetic models. Zero order, First order and
Higuchi models while Korsmeyer-Peppas
model are used to study different release
pattern. The results are summarized in Table
10. The dissolution data of different batches
of film is subjected to different models and
with the help of regression value best fitted
one is selected. It is observed that if value for
R? is higher, higuchi model is better fit as
compared to other. Higuchi model tells the
release pattern as diffusion process related to
fick’s law.[33] Korsmeyer-Peppas release
model used to study the most favorable
mechanism for the drug to be released from

delivery system. This model indicates more
than one type of release mechanism and
helps to determine the release from
polymeric dosage form. The graph is plotted
against log cumulative percent release and
log time, and the release rate constant, k, and
release exponent, n, are calculated.
According to the literature, 0.45 < n implies
fickian diffusion, 0.45 < n < 0.89 indicates
non-fickian transport, n = 0.89 indicates
relaxational transport, and n > 0.89 indicates
supercase Il transport.[34,35] Table 8
represents  kinetic data of nifedipine
mucoadhesive buccal film. the The slope
value (n) was calculated for peppas
exponential plot for NPN9 formulation,
which suggests that drug released by fickian
diffusion mechanism. The slope value (n) of
formulation NPN1 was 0.8763 which
determines the drug release occurs by non-
fickian  transport  mechanism.  From
formulation NPN1 to NPN9 the drug
transport mechanism changes from non-
fickian to fickian diffusion due to the
addition of hydrophilic polymers PVP and
PVA, which means the hydrophilic character
of formulation increases from NPN1 to
NPNO. It helps in increased swelling and
increased drug release.
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Physical Parameter tests for triple layered
film: Table 13 represents physical parameter
tests for triple layered optimized films.
Physical parameters tests were done to
ensure the texture of the triple layer film.
Texture was found to be flexible, and had
folding endurance of 168 folds which is
satisfactory and surface pH was 6.8. This
formulation was free from any kind of
interaction between polymers and the drug.
Drug release characters for this film have
been already optimized and confirmed by
making separate double layer films.
Mucoadhesion have also been confirmed and
found satisfactory. This was the final
formulation designed to provide the desired
characters having immediate plus sustained
drug release and bypass the hepatic first pass
metabolism of nifedipine.

CONCLUSION

Nifedipine and Atenolol are the first-
line drugs for treating high blood pressure
(BP) and angina pectoris. A low-dose
combination of the two groups of
medications helps to regulate hypertension
without changing the patients' adrenergic and
hormonal condition. Low does combination
can also prevent dose related side effects.
Due to sustained release formulation the
duration of action is increased and by
preventing hepatic first pass metabolism,
bioavailability of drug get increased. Hepatic
metabolism is prevented by changing the
route of drug administration. Flexibility in
physical state, shape, size and surface
increase the comfort level of patient due to
ease of administration and termination.
Triple layer formulation is very helpful in
providing dual release pattern following
immediate release of atenolol to sustained
release of nifedipine. By combining these
two optimized formulations the final triple
layer film is made having flexible texture,
good folding endurance, and required release

rate from the formulation. From the result, it
is conferred that the drug is distributed
uniformly within the film. Chitosan helps in
film forming and also exhibits good
mucoadhesion properties. The drug release
rate is improved by addition of PVP in the
chitosan base matrix system. As a result,
Chitosan with PVP and PVA can match the
optimum parameters for buccal devices,
potentially bypassing substantial hepatic first
pass metabolism and increasing
bioavailability.
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