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Abstract
Propranolol HCl is a beta blocker commonly used worldwide; however, it shows a low
bioavailability due to its extensive first-pass metabolism. To overcome this problem, a novel
drug delivery system such as buccoadhesive system might be helpful. The aim of the present
investigation is to prepare the buccoadhesive tablet of propranolol HCl using different
mucoadhesive polymers. Buccoadhesive tablets containing drug, lactose, and polymers such as
HPMC K4M, carbomer 934P, PEO 8000000 and PEG 6000, in various concentrations, were
prepared. The tablets were evaluated in terms of weight variation, thickness, hardness, friability,
and mucoadhesive strength. Among thirteen prepared formulations, seven of them which had
better physicochemical properties and mucoadhesive strength were undergone the release and
swelling tests. Finally, two formulations were selected and uniformity, drug content, duration of
mucoadhesion, and kinetic studies were performed for them. All polymers except PEG 6000 were
appropriate for being used in buccal mucoadhesive systems. Formulation F1 was considered as
the most desirable formulation as it exhibited appropriate mucoadhesive strength (43.93 ± 12.4
g), extended duration of mucoadhesion (19.15 ± 0.29 h) and suitable swelling ability while having
a prolonged drug release over 12 h. Although the efficiency and mucosal irritation of propranolol
HCl buccoadhesive tablets should be monitored under the in-vivo conditions, however, based on
the results, it seems that such tablets can be considered as an alternative route to bypass the first
pass metabolism of propranolol HCl.
Keywords: Propranolol HCl; Buccoadhesive tablet; Mucoadhesive polymers; Mucoadhesive
strength; Duration of mucoadhesion.

Introduction
The oral route is generally preferred to
the other routes for drug administration (1).
But besides the advantages, there are also
some disadvantages, including presystemic
clearance in liver and instability in the acidic
environment (2). These problems caused to
develop alternative administration routes
* Corresponding author:
E-mail: mortazavisar@yahoo.com

such as mucosal routes; using buccal mucosa
for drug delivery is one of them (3). Having
a lot of blood vessels and decent permeation
leads to attention to buccal mucosa as a route
for drug administration (4). In addition, it
is possible to terminate the delivery of drug
molecules in the case of toxicity, due to the
buccal cavity is easily accessible (5).
Buccoadhesive systems are one of the
various systems that have been developed to be
used in the buccal cavity. The main benefit of
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Experimental

these systems is increasing the time of residence
at the site of absorption, consequently reducing
the number of applications as well as increasing
patient compliance (6). From the technical
point of view, mucoadhesive drug delivery
systems are able to control the release of drug
molecules over the time (7). Furthermore,
there is a possibility of local and systemic
drug delivery using buccocoadhesive systems.
Additional advantages of the buccoadhesive
systems include bypassing the first-pass effect
and ease of use in non-conscious patients (8).
Of course, this route has some drawbacks too,
such as small surface area, low permeability
compared to the sublingual membrane, and
diluting the drug by high salivation rate.
However, the advantages of this administration
route are more than its disadvantages (3).
Bioadhesion is known as the interfacial
phenomenon in which some special polymers
are attached to the biological surface. The
mucoadhesion also means attachment of
polymers to mucous membrane coated with a
thin layer of mucus (9, 10).
Propranolol HCl, a non-selective beta
blocker, is widely applied in the treatment
of hypertension, angina pectoris, arrhythmia,
thyrotoxicosis, and migraine prophylaxis.
However, due to extensive first-pass
effect, propranolol HCl has low systemic
bioavailability. The half-life of this medicine
is approximately 3 to 5 h and it has low
molecular weight (295.81 g/mol), therefore
propranolol HCl is a decent candidate as a
drug model for buccoadhesive drug delivery
system (11).
In order to prepare mucoadhesive tablets,
various mucoadhesive polymers can be
employed, for example mucoadhesive buccal
tablets based on chitosan/gelatin microparticles
for delivery of propranolol HCl were successfully
prepared by Abruzzo et al. (12).
In this study, buccoadhesive tablets have
been developed using HPMC K4M, carbomer
934P, polyethylene oxide 8000000 (PEO),
and polyethylene glycol 6000 (PEG). Due to
lack of this dosage form in the national and
international drug market, the aim of this
study was to prepare buccal mucoadhesive
tablets capable of remaining in contact with
the adhesion site for a reasonable time as well
as producing optimum drug content release.

Materials
Propranolol HCl was received as gift
sample from Darou Pakhsh Pharmaceutical
Co., Iran. Hydroxypropyl methylcellulose
K4M (HPMC K4M) and polyethylene glycol
6000 (PEG) were provided by Colorcon
Pharmaceutical Co., England. Carbomer
934P was supplied by ICN., Germany.
Polyethylene oxide 8000000 (PEO) was from
Sigma Aldrich., USA. Lactose was obtained
from BF Goodrich Co., Germany. Potassium
dihydrogen phosphate, perchloric acid 70%,
and sodium hydroxide were purchased from
Merck., Germany. Ethanol and methanol were
purchased from Bidestan Chemical Co., Iran.
Preparation and characterization of
propranolol HCl buccoadhesive tablets
Initially, the flow and compressibility
of propranolol powder were evaluated and
revealed propranolol hydrochloride had
suitable flow and compressibility. The tablets
were then prepared by direct compression
method. The weight of each tablet was 160
mg. The various polymers such as HPMC
K4M, carbomer 934P, polyethylene oxide
8000000 (PEO) and polyethylene glycol
6000 (PEG), in various concentrations, were
applied. Lactose was applied as filler in all
formulations. The drug, polymer, and filler
were physically blended and then compressed
by the flat-faced punch of 9 mm diameter.
Initially, 10 formulations were prepared,
then considering the higher mucoadhesive
strength of HPMC K4M and carbomer 934P,
the formulations based on physical mixture
of these two polymers were also prepared.
The quality control tests including weight
variation, thickness, hardness, friability, and
mucoadhesive strength test were performed for
the whole 13 formulations. The composition of
polymers and lactose within each formulation
is given in Table 1.
In the next stage, formulations which
had better physicochemical properties and
mucoadhesive strength were chosen. They
included; F1 and F2 (containing 40% and
30% HPMC K4M respectively), F4 and F5
(containing 40% and 30% carbomer 934P
respectively), F7 (containing 40% PEO
23
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8000000), F11 (containing 12% HPMC K4M
and 28% carbomer 934P), and F13 (containing
28% HPMC K4M and 12% carbomer 934P).
These seven formulations were subjected to
further examinations including determination
of in-vitro drug release properties and

swelling index. Finally, two formulations
among those seven formulations were selected
and uniformity of dosage unit, drug content,
duration of mucoadhesion, and kinetic studies
were performed for them.

Table 1. Polymer and lactose composition (w/w%) in the buccoadhesive tablets of propranolol HCl.
Formulation
Code

HPMC
K4M

Carbomer
934P

PEO
8000000

PEG
6000

Lactose

Formulation
Code

HPMC
K4M

Carbomer
934P

Lactose

F1

40

-

-

-

10

F11

12

28

10

F2

30

-

-

-

20

F12

20

20

10

F3

20

-

-

-

30

F13

28

12

10

F4

-

40

-

-

10

F5

-

30

-

-

20

F6

-

20

-

-

30

F7

-

-

40

-

10

F8

-

-

30

-

20

F9

-

-

20

-

30

F10

-

-

-

40

10

on the surface of the lower platform (so that
the surface of the mucous tissue is upwards).
Phosphate buffer (pH 6.8) was poured into the
test cell, so that covered the surface of the buccal
mucosa. Using a water bath, the temperature
of contents in the test cell was kept at 37 °C in
total procedure time. After that, the tablet was
placed on the mucosal surface and mild power
by the fingertips was applied to it for 1 min
symmetrically. The lower platform was then
gradually moved down at a speed of 2 mm/
min, this practice continued until complete
separation of the tablet from mucosal tissue.
The maximum force needed to separate the
two platforms from each other was considered
as the mucoadhesive strength of the tablet.
Each experiment was run in triplicate, and the
results were expressed as mean ± SD.

Measurement of the mucoadhesive strength
Fresh sheep buccal mucosa was obtained
from a local slaughterhouse. Tissue was
gently rinsed in water and after removing the
connective and adipose tissue, was cut into
small pieces. Tissue pieces were carefully
placed on pieces of nylon and put into the
freezer. The consumption of fresh tissue
should be avoided because this tissue has not
yet lost its contractions and is not able to create
a smooth surface. Therefore, after a minimum
of 1 day, tissue was removed from the freezer
and brought to ambient temperature. After
this period, the mucosal tissue of the sheep
was placed within the phosphate buffer for an
hour, so that perfectly hydrated and be ready
for testing the mucoadhesive strength.
To assess the mucoadhesive strength of
prepared propranolol HCl tablets, we used an inhouse apparatus (13, 14). The schematic drawing
of this apparatus is illustrated in Figure 1.
Using a small amount of cyanoacrylate
glue, the mucoadhesive tablet was bonded to
the surface of the upper platform. It should
be noted that only tablet contact surface with
the upper platform should be smeared with
glue and the other tablet surfaces are free of
glue. The mucosal tissue was then placed

Determination of in-vitro drug release
profiles
Initially, considering that the UV
spectrophotometry method was used to
determine the amount of the released drug
of tablets during the release test, and that
the propranolol HCl UV absorbance may
be affected by added excipients in the
formulation, excipient effect on propranolol
24
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Figure 1. A schematic drawing of the apparatus used for measuring the in-vitro mucoadhesive strength of propranolol HCl formulations.

HCl UV absorbance was studied. First, UV
spectrum of propranolol HCl was evaluated
individually. Lactose, as filler, was used with
the maximum amount of 30% of the total
weight of the tablet in the formulations. If
this entire amount dissolves in dissolution
medium, creates concentration equal to 0.053
mg/mL. This concentration was prepared in
phosphate buffer and the UV-spectrum was
plotted in the range 200-400 nm. This action
was also performed for other excipients.
The in-vitro drug release studies were
performed by USP dissolution apparatus 1
(rotating basket). The speed of the apparatus was
considered 50 rpm. The vessels of the mentioned
apparatus were filled with 900 mL phosphate
buffer (pH 6.8) and the temperature was kept at
37 ± 1 °C. Five milliliters aliquots of the release
medium were withdrawn at 15, 30, 45, 60, 90,
and 120 min and then at every 1 h to 12 h and
they replaced each time by the same volume of
fresh phosphate buffer. The test was repeated
3 times for each sample and the absorption of
the drug in each sample was measured with
ultraviolet-visible spectrophotometry at a λmax
of 291 nm. In order to convert absorbance to

the amount, a linear calibration curve was used.
Certain concentrations of 0.01, 0.03, 0.05, 0.07,
0.09, and 0.11 mg/mL of propranolol HCl in
phosphate buffer were prepared. Finally, the
equation ABS = 17.344C + 0.0418 was applied.
In-vitro swelling study
The test was conducted to determine the
amount of water absorption and swelling of
the polymer which affect drug release. Buccal
tablets were weighed individually (W1) and
placed separately in phosphate buffer (50
mL, pH 6.8, 37 ± 1 °C). At predetermined
time intervals (0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
h), the tablets were removed from the buffer,
reweighed (W2), and the swelling index (SI)
was calculated using the Equation 1:


(Equation 1)

All measurements were performed in
triplicate and average values ± SD were
reported.
Determination of drug content
Since there is no pharmacopeia monograph
for mucoadhesive propranolol HCl tablet, the
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BP monograph for propranolol HCl tablet was
applied to determine drug content. A total of 20
tablets were randomly selected and powdered
completely. Then a portion of powder
equivalent to 20 mg of active ingredient was
removed and dispersed in 20 mL of water.
Fifty milliliter of methanol was added and
the combination was then stirred for 1 h (for
ordinary tablets, due to lack of mucoadhesive
polymer, this time is 10 min). In the next step,
methanol was added to bring the volume up
to the final 100 mL. Following, the dispersion
was passed through a glass filter. Ten milliliter
of filtrate was removed and diluted with
methanol to 50 mL. The UV absorbance of the
resulting solution was measured.

individual tablet was calculated and finally, the
Acceptance Value (AV) was calculated (15).
Assessment of duration of mucoadhesion
To evaluate duration of mucoadhesion,
an in-house apparatus was applied (Figure 2)
(16). The apparatus had three test cells; two
lower and upper platforms were placed in
each of them. Each test cell was filled with
phosphate buffer (pH 6.8). Sheep buccal
mucosa was placed on the lower platform and
the tablet was clung to the upper platform.
The mucosa and tablet were then placed in
contact with each other and a constant force by
fingertip was applied for 1 min to them. Next,
through two pulley systems, a 15.0 g weight
was applied to each upper platform (this
weight was chosen through initial studies).
As soon as the tablet was separated from the
mucosal surface, a small flap dropped onto a
photocell detector, stopping the timer device
(recording the elapsed time to 0.1 min) and
measured the duration of mucoadhesion of the
tablet. Each experiment was run in triplicate,
and the results were expressed as mean ± SD.

Determination of uniformity of dosage unit
(weight variation)
The purpose of this test is to ensure the
consistency of dosage units. According to
the United States Pharmacopeia, this test
is performed when the active ingredient is
more than or equal to 25 mg and more than
or equal to 25% of tablet weight. Initially, ten
tablets from each formulation were weighed
individually and then the average weight was
calculated. Following that, drug content of

Figure 2. Schematic drawing of one compartment of the apparatus used for assessing the duration of mucoadhesion.
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software package version 21.0 was employed
for data analysis.

In-vitro drug release kinetic studies
In order to find out the release kinetics of
drug from chosen formulations, data obtained
from in-vitro drug release experiment were
fitted into different kinetic mathematical models
such as zero order and first order kinetic models
(17), Higuchi model (18), Hixson-Crowell
model (19) and Korsmeyer-Peppas model (the
power law) (20). The equations relevant to these
models are stated in Table 2. The parameters in
these equations were completely described in
the literature (17-20).

Results and Discussion
Preparation and characterization of
propranolol HCl buccoadhesive tablets
Based on preliminary studies on the
propranolol hydrochloride drug powder, it
was found that the drug powder had a carr’s
index value of 1.24 as well as a hausner’s ratio
of 1.01. This would mean that the propranolol
hydrochloride powder had excellent flow. In
addition, propranolol hydrochloride powder
was placed without any excipient into the
tablet press die and compressed. It was found
that the propranolol hydrochloride powder
had suitable compressibility.
All tablets were prepared by direct
compaction method and physical characteristics
of them were evaluated (Table 3). The thickness
of tablets, depending on the type of polymer,
was found to be in the range of 2.03 ± 0.05
mm to 2.41 ± 0.05 mm. The results of tablets
hardness evaluation indicated that all tablets
had the adequate mechanical strength for
resistance to fracture during handling. Except
formulation F10, which had the lowest hardness,
all the formulations had desired friability value
(less than 1%). Weight variations of different
formulations were found to be satisfactory.

Table 2. Different kinetic equations used in this study.
Model type

Equation

Zero order

Q = Q 0 + K 0t

First order
Higuchi
Hixson –Crowell
Korsemeyer-Peppas
model

Statistical Analysis
ANOVA, Tukey post-hoc test, and
independent sample t-test were applied to
determine statistical signiﬁcance of data.
Differences were considered to be signiﬁcant
for values of p < 0.05. SPSS Statistics

Table 3. Physical properties of propranolol HCl buccoadhesive tablets. Data are expressed as mean ± SD.
Thickness (mm)
n = 10

Weight variation (g)
n = 10

Hardness (Kp)
n = 10

Friability (%)
n = 20

F1

2.41 ± 0.05

0.166 ± 0.004

7.13 ± 2.36

0.18

F2

2.16 ± 0.04

0.157 ± 0.005

6.80 ± 2.9

0.80

F3

2.16 ± 0.05

0.158 ± 0.004

6.43 ± 1.67

0.81

F4

2.17 ± 0.12

0.161 ± 0.006

14.12 ± 1.59

0.18

F5

2.03 ± 0.05

0.158 ± 0.004

10.93 ± 1.66

0.43

F6

2.06 ± 0.07

0.162 ± 0.005

9.24 ± 1.85

0.24

F7

2.26 ± 0.10

0.162 ± 0.004

8.70 ± 1.17

0.00

F8

2.23 ± 0.06

0.160 ± 0.005

7.41 ± 1.15

0.22

F9

2.19 ± 0.05

0163 ± 0.003

5.27 ± 1.17

0.34

F10

2.19 ± 0.08

0.159 ± 0.005

4.59 ± 2.33

1.18

F11

2.19 ± 0.14

0.163 ± 0.004

9.94 ± 1.69

0.49

F12

2.19 ± 0.09

0.158 ± 0.004

11.37 ± 2.89

0.16

F13

2.24 ± 0.09

0.159 ± 0.005

10.24 ± 0.70

0.75

Formulation code
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Increasing in polymer amount caused an
increase in mucoadhesive strength, because
of elevating active functional groups that play
a key role in linking and connecting to the
mucous (21).

Measurement of the mucoadhesive strength
The mucoadhesive strengths of propranolol
HCl buccoadhesive tablets are given in Table
4. The study has shown the polymer type and
its amounts affected mucoadhesive strength.

Table 4. Mucoadhesive strength of propranolol HCl buccoadhesive tablets (n = 3, mean ± SD).
Formulation code

Mucoadhesive strength (g)

Formulation code

Mucoadhesive strength (g)

F1

43.93 ± 12.4

F8

13.08 ± 6.00

F2

20.00 ± 7.50

F9

12.87 ± 2.62

F3

17.67 ± 5.51

F10

1.59 ± 0.83

F4

56.67 ± 3.51

F11

37.67 ± 5.86

F5

33.00 ± 3.00

F12

18.67 ± 0.58

F6

11.00 ± 2.64

F13

20.33 ± 4.04

F7

25.48 ± 12.7

PEG 6000 had the lowest mucoadhesive
strength among the polymers (p < 0.05, ANOVA
and Tukey post-hoc test). This was probably
due to low molecular weight of this polymer.
It has been shown that by increasing the
molecular weight of water-soluble polymers to
more than 100,000, the mucoadhesive strength
also increases. Polymers with highly linear
configuration such as polyethylene glycols
with molecular weight of 20,000 do not possess
adhesive properties, but when the molecular
weight increases to 200,000, the mucoadhesive
strength improves (22). As shown in Table 4,
the mucoadhesive strength of PEO 8000000,
polyethylene glycol with high molecular
weight, is much more than PEG 6000 (p < 0.05,
independent sample t-test).
The highest mucoadhesive strength
belonged to carbomer 934P (p < 0.05, ANOVA
and Tukey post-hoc test). This polymer
is a member of poly (acrylic acid) family
and it can interact with mucosa via forming
hydrogen bond (23). Following carbomer
934P, HPMC K4M, a neutral polymer, had
the second highest mucoadhesive strength
(p < 0.05, ANOVA and Tukey post-hoc
test). Mucoadhesive performance of nonionic polymers is typically weaker than
polyelectrolytes (8, 24-26). The results
obtained from this study are in agreement with
this statement. There is no proton-donating
carboxyl group in HPMC K4M. Therefore,
less mucodhesive strength of it compared to

carbomer 934P may be attributed to this matter
(27). The use of physical mixture of HPMC
K4M with carbomer 934P in one formulation
was not effective in boosting mucoadhesive
strength. The interaction between these
polymers and complex formation probably
caused a decrease in active functional groups.
Based on these results, F1, F2, F4, F5, F7, F11,
and F13 were selected for further assessment.
Determination of in-vitro drug release
profiles
The results showed that lactose, PEO, and
HPMC K4M had no UV absorbance in the
wavelength range between 200-400 nm, but
the UV absorbance at the wavelength of 216
nm for carbomer 934P was observed. It should
be noted that there were two wavelengths of
maximum for propranolol HCl including 218
and 291 nm. Hence, the wavelength of 291
nm was used in analytical studies to prevent
absorption interference.
As previously stated, propranolol HCl
buccoadhesive formulations F1, F2, F4, F5,
F7, F11, and F13 were selected and their invitro drug release profiles were determined.
The results of this test are shown in Figure
3. As can be clearly observed, formulations
F1 and F2 that contained 40% of HPMC
K4M and 30% of HPMC K4M respectively,
released 100% of their drug content over 12
h. Formulation F7 that contained 40% of PEO
released 100% of its drug content over 10 h,
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but the formulations containing carbomer
934P (four other formulations) released their
drug content in a slower manner compared
to the formulations containing HPMC K4M
as only mucoadhesive polymer (p < 0.05,
ANOVA and Tukey post-hoc test) and none
of them could completely release their drug
content over 12 h. With increasing the amount
of HPMC K4M in combination formulation
F13, the more amount of drug released
compared to another combination formulation
F11 (p < 0.05, Independent sample t-test). This
observation may be relevant to the formation
of ionic complexes between propranolol HCl
(a cationic drug) and Carbomer 934P (an
anionic polymer) so that the less amount of
propranolol HCl molecules are available to
release. The similar results were obtained in

the previous study (6). In that study, complex
formation between propranolol HCl and
sodium alginate (an anionic polymer) reduced
the release of drug molecules from vaginoadhesive propranolol HCl gel. These results
could probably be in agreement with Badawi
et al. study (28). They demonstrated that
the polymers with reacting site could affect
the drug release from matrix. Based on their
results, by increasing the amount of anionic
methacrylate copolymer, the release amount
of p-amino salicylic acid from its tablets
made of solid dispersions with the anionic
methacrylate copolymer decreased due to
complex formation between p-amino salicylic
acid and polymer.

Figure 3. In-vitro release profiles of propranolol HCl buccoadhesive tablet formulations F1, F2, F4, F5, F7, F11 and F13 (n = 3, mean ± SD).

reason the water entrance to inner layers of the
tablet containing this polymer decreases.
The swelling behavior is crucial for
adhesion process (29). There is an optimal
limit for hydration so that overhydration of
polymer can cause adhesive joint failure (30).
Overhydration of PEO led to fragmentation
of the tablets and reduction in swelling index
after 7 h. As mentioned, 40% of PEO had
lower mucoadhesion strength than 40% of
carbomer 934P or 40% of HPMC K4M. One of
reasons for this observation may be attributed
to overhydration of PEO.
It is well recognized that swelling and
polymer erosion are prominent parameters in
drug release (24). The results obtained from
this test confirm the results of release test so

In-vitro swelling study
As stated in the previous section, swelling
index of 7 chosen formulations was calculated.
The results are shown in Figure 4. Based on
the results, the formulation F7 containing
PEO had the highest swelling index among
the polymers over 9 h of the test (p < 0.05,
ANOVA and Tukey post-hoc test) and the
lowest swelling index nearly belonged to
formulation F5 containing 30% of carbomer
934P. In swelling experiment, the surface layer
of tablet attracts water and forms a gel layer.
The characteristics of this primary gel are
determinative for the continuation of swelling.
Since carbomer 934P has the highest viscosity
compared to HPMC K4M and PEO 8000000,
the resulting gel of it is denser and for this
29
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Figure 4. In-vitro swelling profiles of propranolol HCl buccoadhesive tablet formulations F1, F2, F4, F5, F7, F11 and F13 (n = 3, mean ± SD).

that formulations with high swelling indexes
(F1, F2, and F7) released all their drug content
over 12 h. The amount of swelling, in addition
to the amount of drug release, also affects the
final size of the tablet. Buccoadhesive tablets
are placed in the mouth, typically between
upper lip and gum; therefore the tablets which
have high swelling indexes are not suitable.
Based on these results and the results obtained
from drug release profiles, physicochemical
properties, and mucoadhesive strength studies,
two formulations F1 and F2, containing HPMC
K4M, were selected for further studies.

Assessment of duration of mucoadhesion
As was explained in a previous study,
a polymer with the high mucoadhesive
strength does not necessarily have a longer
duration of mucoadhesion (14). Duration of
mucoadhesion of two selected formulations
F1 and F2 was evaluated. The results
demonstrated, by applying a maximum weight
of 15 g, that the buccoadhesive tablets could
remain being attached to the buccal mucosa
more than 17 h (Figure 5). Formulation F1,
which had a greater amount of polymer lasted
longer in contact with the mucosa compared to
formulation F2 (p < 0.05, Independent sample
t-test). Since propranolol HCl buccoadhesive
tablet should remain being attached to mucosa
for maximum 12 h; both formulations have
been accepted in terms of duration of adhesion.

Determination of drug content
Drug content of both formulations F1 and F2
was evaluated. Drug content of formulations
F1 and F2 was found to be 106.8% and 93.61%,
respectively. According to propranolol HCl
tablet BP monograph, the tablets should
not contain less than 92.5% or more than
107.5% of the active ingredient. Hence, both
formulations were complied with this test.

In-vitro drug release kinetic studies
As mentioned in the previous section,
data obtained from the release experiment of
formulations F1 and F2 were fitted to different
mathematical models (Table 5). Data obtained
from release profiles of F1 and F2 formulations
fitted best into Higuchi’s model with R2 values
of 0.9989 and 0.9970, respectively. In order
to find out the mechanism of the propranolol
HCl release from buccoadhesive tablets, the
first 60% drug release data were fitted in the
Korsmeyer-Peppas model. The n values of
formulations F1 and F2 were found to be 0.7272
and 0.8656, respectively. Based on the results,
it can be concluded that the mechanism of
drug release for both formulations would be
based on anomalous (non-Fickian) diffusion.

Determination of uniformity of dosage unit
(weight variation)
This test was performed according to
pharmacopeial general chapter for uniformity
of dosage units.The tablets pass this test if
the calculated acceptance value relevant to
the first 10 tablets is less than or equal to L1.
Unless otherwise specified in the individual
monograph, L1 is 15.0. Obtained acceptance
values of formulations F1 and F2 were found to
be 14.71 and 11.51 respectively. Hence, both
formulations were confirmed by this test.
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Figure 5. Duration of mucoadhesion of propranolol HCl buccoadhesive tablet formulations F1 and F2 (containing 40% and 30%
HPMC K4M respectively) (n = 3, mean ± SD).

It means that the contribution of swelling,
diffusion, and slow erosion is responsible for
propranolol HCl release from buccoadhesive
tablets. The erosion of tablets containing
HPMC K4M was clearly observed in the
swelling study. The maximum swelling for

formulation F1 (containing 40% of HPMC
K4M) and formulation F2 (containing 30%
of HPMC K4M) was attained over 6 h and 5
h, respectively. After that the tablets began to
erode slowly.

Table 5. Regression values of in-vitro release kinetic study of propranolol HCl buccoadhesive tablets.
R2 value
Formulation code

Zero order

First order

Higuchi

Hixon- Crowell

Korsemeyer-Peppas

F1

0.9431

0.9010

0.9989

0.9364

0.9972

F2

0.9096

0.9191

0.9970

0.9799

0.9950

Conclusion

swelling ability, and suitable drug release
profile over a period of 12 h, formulation F1
was introduced as the best formulation for
preparing propranolol HCl mucoadhesive
tablets. Although the efficiency of propranolol
HCl buccoadhesive tablets, as well as mucosal
irritation of them should be monitored under
the in-vivo conditions, however, according
to the results of this study, it seems that such
tablets can be considered as an alternative
route to bypass the first pass metabolism of
propranolol HCl.

In conclusion, it seems that with the
increase in mucoadhesive polymer amount,
the mucoadhesive strength and duration of
adhesion would increase. Propranolol HCl
buccoadhesive formulation containing 40%
of carbomer 934P possessed the highest
mucoadhesion strength. However, since a good
mucoadhesive system, in addition to sufficient
mucoadhesion strength, should have a proper
ability of drug release, it was not considered
as the final chosen formulation. Formulation
F1 (containing 40% of HPMC K4M) had
more mucoadhesion strength than formulation
F2 (containing 30% of HPMC K4M). Finally,
based on the appropriate physicochemical
properties, sufficient mucoadhesive strength,
extended duration of mucoadhesion, adequate
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