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Abstract

The buccal mucosa has been investigated for local and systemic delivery of therapeutic peptides and other drugs that are subjected to
first-pass metabolism or are unstable within the rest of the gastrointestinal tract. Propranolol hydrochloride (propranolol HCl) is subjected to
first-pass effect, therefore formulation of buccal-adhesive dosage form can circumvent this effect. The effect of lactose (a soluble excipient)
and dicalcium phosphate (DCP) (an insoluble excipient) on dissolution rate, kinetic of release and adhesion force of buccal-adhesive tablets of
propranolol HCl were evaluated. Each tablet composed of 80 mg propranolol HCl, 80 mg hydroxypropylmethylcellulose (HPMC) K4M,
polycarbophil AA1 and lactose or DCP with different ratios. The results showed that the presence of the fillers increased dissolution rate of the
drug. The release data also showed that the effect of lactose on the dissolution rate was greater than the DCP. Kinetic release of propranolol HCl
from buccal-adhesive matrices was affected by the different ratios of polymers and fillers. The fillers reduced the bioadhesion force and this
effect was more considerable in formulation containing DCP. In order to determine the mode of release, the data were analyzed based on the
equation Q =ktn. The results showed that an increase in the concentration of HPMC K4M resulted in a reduction in the value of n. The value
of n was not significantly affected by an increase in the concentration of lactose or DCP. The values of n in this study were calculated to be
between 0.461 and 0.619, indicating both diffusional release and erosional mechanism.

© 2003 Elsevier SAS. All rights reserved.
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1. Introduction

The buccal mucosa has been investigated for local and
systemic delivery of therapeutic peptides and other drugs that
are subjected to first-pass metabolism or are unstable within
the rest of the gastrointestinal tract [1–3].

One method of optimizing drug delivery is by the use of
adhesive dosage forms. A bioadhesive has been defined as a
synthetic or biological material, which is capable of adhering
to a biological substrate or tissue [4]. When the biological
substrate is mucus, the term “mucoadhesive” has been em-
ployed [5]. Mucosal-adhesive materials are hydrophilic mac-
romolecules containing numerous hydrogen bond-forming
groups [6]. Bioadhesive polymers not only cause the adhe-
sion effects, but also control the release rate of drug [7].

Polycarbophil and hydroxypropylmethylcellulose (HPMC)
are suitable polymers for the formulation of bioadhesive tab-
lets. These polymers in addition of bioadhesion effects, de-
crease release rate and change kinetic of drug release from
mucoadhesive tablets [8–10]. Propranolol is subjected to first-
pass effect; therefore, formulation of buccal-adhesive dosage
form can circumvent this effect [11]. In formulation of buc-
coadhesive tablets fillers were used for masking on unfavorite
taste of drugs [12]. Most of the polymers and drugs used in
mucoadhesive tablets are poorly compactible and also have
poor flowability. In order to increase their compactibility or
flowability of the mixture for tableting, fillers such as lactose
or dicalcium phosphate (DCP) are usually added. Therefore,
the objectives of this study were: (a) to examine the in vitro
release characteristics of propranolol hydrochloride (propra-
nolol HCl) from various controlled-release matrices; (b) to
investigate the effects of different fillers on the bioadhesion
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property of compressed tablets containing polycarbophil and
HPMC; (c) to study the effects of type of filler and polymer on
the kinetic release of propranolol HCl from polymeric matri-
ces.

2. Materials and methods

2.1. Materials

Polycarbophil, Noveon AA1 (BF Goodrich Co.); HPMC
(Methocel K4M, Colorcon Co.); lactose monohydrate, DCP
and magnesium stearate (Merck); propranolol HCl (Rouz
Darou Co.) were used.

2.2. Methods

2.2.1. Preparation of tablets
Propranolol HCl buccoadhesive tablets were produced by

mixing the drug with HPMC K4M or polycarbophil and their
mixtures. The mixture was mixed with magnesium stearate
for 2 min and then compressed on a 9-mm punch and die
using a single-punch machine (Korsch, model 9219-77).
Formulations F1–F5 composed of 80 mg propranolol HCl,
80 mg of different ratios of HPMC K4M/polycarbophil and
1% of magnesium stearate as the lubricant.

To determine the effect of lactose on the release rate of
propranolol from the tablets formulations F6–F10 containing
5% w/w polycarbophil and different ratios of HPMC K4M to
lactose were formulated.

Formulations F11–F15 were prepared in a similar manner
to formulations F6–F10, and lactose was replaced by DCP as
the insoluble filler (see Table 1). List of the ingredients for
each formulation is represented in Table 1.

2.2.2. Dissolution studies
The USP paddle method was employed for all the in vitro

dissolution studies. To study the drug release from only one

side of tablets, the glass dies were used. For this purpose,
each die was filled with the molted wax, and before solidifi-
cation, the tablet was placed in the semisolid wax. In this
case, only one side of tablet was in contact with the dissolu-
tion medium.

In this method, 500 ml of USP phosphate buffer with pH
6.8 was used as the dissolution media. The rate of stirring was
50 rpm. The tablets along with the glass die were placed in
phosphate buffer and maintained at 37 °C for a period of 8 h.
At appropriate intervals (0.5, 1, 1.5, 2, 3, 4, 5, 6, 7 and 8 h),
10 ml of each sample was taken and filtered. The dissolution
media was then replaced by 10 ml of fresh dissolution fluid to
maintain a constant volume. The samples were assayed at
288.8 nm by UV–visible spectrophotometer (Shimadzu
60A). The mean of three determinations was used to calcu-
late the drug release from each of the formulation.

2.2.3. Kinetic models
In order to investigate the mode of release from the tablets

the release data were analyzed with the following mathemati-
cal models: zero-order kinetic (Eq. (1)); first-order kinetic
(Eq. (2)); square root of time equation (Higuchi equation, Eq.
(3)) and Peppas equation (Eq. (4)).

(1) Q =k0t

(2) ln(100 – Q) = ln Q0 – k1t

(3) Q =kHt1/2

(4) Q =kPtn

In equations Q is the percent of drug released at time t and
k0, k1 and kH are the coefficients of the equations. kP is
constant incorporating structural and geometric characteris-
tics of the release device and n is the release exponent
indicative of the mechanism of release. When n approxi-
mates to 0.5, a Fickian/diffusion-controlled release is im-
plied, where 0.5 <n < 1.0 non-Fickian transport and n = 1 for
zero order (case II transport). When the value of n approaches
1.0, phenomenologically one may conclude that the release is
approaching zero order.

Two factors diminish the applicability of Higuchi’s equa-
tion to all hydrophilic matrix systems. The model fails to
allow for influence of swelling of the matrix (upon hydration)
and gradual erosion of the matrix. Eq. (4) is a simple empiri-
cal equation to describe general solute behavior from
controlled-release polymeric matrices and assumes that re-
lease occurs as soon as the matrix is placed in contact with
fluid and thus predicts an intercept at the origin.

2.2.4. Turbidity measurement
HPMC solution was mixed with polycarbophil AA1

(PAA) solution at 37 °C for 1 h to prepare the sample
solution. Buffer solutions (pH 3.5 and 6.8) were used to
dissolve samples. The total polymer concentration was fixed
at 0.02% in all samples. The turbidity of each sample solution
was determined at 600 nm, where there was no absorption

Table 1
The different formulations of propranolol HCl matrices and their composi-
tion (mg)

Formulation
code

Formulation composition
Propranolol
HCl

HPMC
K4M

Polycarbophil Lactose DCP

F1 80 72 8 – –
F2 80 68 12 – –
F3 80 64 16 – –
F4 80 60 20 – –
F5 80 56 24 – –
F6 80 72 4 4 –
F7 80 68 4 8 –
F8 80 64 4 12 –
F9 80 60 4 16 –
F10 80 56 4 20 –
F11 80 72 4 – 4
F12 80 68 4 – 8
F13 80 64 4 – 12
F14 80 60 4 – 16
F15 80 56 4 – 20
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due to polymers in solution, using a UV-160A Shimadzu
spectrophotometer.

2.2.5. Determination of bioadhesive strength
To evaluate the bioadhesion strength, a tensile tester appa-

ratus was designed similar to a tensile tester apparatus (In-
stron model 4301) and the bioadhesive strength of the tablets
was measured according to previously published method
[13] by a tensile tester apparatus. After isolation of hairless
abdominal skin of the rat, the dorsal section of abdominal
skin of rat (mucosa part) was fixed on the head of diffusion
cell and filled with phosphate buffer with pH 6.8. The same
conditions were exactly used according to previously pub-
lished method [14].

2.2.6. Statistical analysis
All the data were statistically analyzed by analysis of

variance (ANOVA) or Turkey’s multiple comparison test.
Results are quoted as significant where P < 0.05.

3. Results and discussion

3.1. Effect of polycarbophil/HPMC K4M ratio on
dissolution rate

Fig. 1 shows the effect of polycarbophil/HPMC K4M
ratio on the release of propranolol HCl. The results showed
that as the concentration of polycarbophil increased, the
release rate decreased. The lowest release rate was observed
with formulation F5 containing 30% w/w of polycarbophil
and 70% w/w of HPMC K4M, and the highest release rate
was observed with formulation F1 containing 10% of poly-
carbophil and 90% of HPMC K4M (see the values of kH in
Table 2).

It is well known that cationic drugs form complexes with
anionic polymers and that the complex influences the release
of the drug from the matrix [8]. When propranolol HCl was
added to solutions containing polycarbophil, an insoluble
precipitate was formed. This interaction was shown by the
turbidometry results (Fig. 2). The figure shows that the maxi-
mum interaction of propranolol HCl with polycarbophil oc-
curs when the concentration of polycarbophil is 60% w/w.
Taylan et al. [11] also confirmed the complex formation
between propranolol HCl and polycarbophil using FT-IR
technique. Polycarbophil, at pH 6.8, showed a great degree of
swelling (the viscosity of the solution containing 0.5% poly-
carbophil was increased about 45% as pH of the solution
increased from 3.5 to 6.8 indicating a great degree of swell-
ing at pH 6.8) and would be ionized. It should, thus, be the
major contributor to the gel layer. Furthermore, about 99% of
propranolol HCl would be ionized and hence would be able
to complex with the polymer, giving a further retardation in
drug release. The interaction is possibly the reason for the
observed reduction in the total release of the drug, as the
percentage drug released from one side of buccoadhesive
tablet after 8 h was 17.92% with formulation F5 (the highest
concentration of polycarbophil in the matrix).

Dissolution rate data were analyzed based on Eqs. (1–4)
and their results are listed in Table 2. The results showed that
a reduction in HPMC/polycarbophil ratio had no effect on the
release kinetic of propranolol HCl from buccoadhesive tab-
lets and the highest correlation coefficients were achieved
with the Higuchi square root of time model. As the percent of
polycarbophil increased, the release exponent (n) decreased.
The highest value (n = 0.53) was obtained for formulation F1
containing the lowest percent of polycarbophil (10% w/w),
and the lowest value (n = 0.44) was obtained for formulation
F5 containing the highest percent of polycarbophil (30%
w/w). These results indicated that the value of n was slightly

Fig. 1. The effect of polycarbophil on the release profile of propranolol HCl from HPMC matrices (n = 3).
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reduced with increasing the amount of polycarbophil in the
tablets. The values of n showed that up to 15% of polycarbo-
phil, the release of propranolol was only controlled by diffu-
sion, whereas above 15% w/w of polycarbophil, the mecha-
nism of release was slightly complex.

3.2. Effect of type and amount of diluents on dissolution
rate

Formulation of buccoadhesive tablets may require the
addition of excipients to alter the size of the tablets, for
masking the unfavorite taste of drugs and/or to replace the
portion of polymer by various types of diluents. Therefore,
the assessment of the effects of partial replacement of poly-
mer by lactose and DCP will be important.

Figs. 3 and 4 show the effect of replacement of HPMC and
polycarbophil by lactose and DCP on the release profile of
propranolol, respectively. The figures show that an increase
in the percent of lactose or DCP resulted in a slightly increase
in the release rate of the drug from buccoadhesive tablets.
Difference between the drug released from formulations con-
taining 5% lactose (F6) or DCP (F11) and 25% lactose (F10)
or DCP (F15) was significant (P < 0.05).

Changing the polymer/filler ratio increases the release rate
by altering the diffusivity of drug in gel layer. Water diffusiv-
ity depends only on the total concentration of viscosity-
inducing agents in the system irrespective of their nature or
polymerization degree [15]. Replacement of polymer by
lactose or DCP decreases the concentration of polymer in gel
layer and therefore diffusion of water into the tablet is facili-
tated. Lactose also decreases the tourtosity of the path of
diffusion [16]. The results confirmed the finding of Lapidus
and Lordi [16] that replacement polymer by either a soluble
or an insoluble diluents increased dissolution rate. Addition-
ally the results contradict the statement of Alderman [17] that
as little as 10% insoluble solids, such as DCP, may destroy
the tablet by producing non-uniformity of the gel, since in the
tablets containing 25% DCP, controlled release was still
maintained [17].

The results of kinetic release obtained from the matrices
containing the fillers are listed in Table 2. Results showed
that amount of diluents had no effect on the kinetic of release,
and the type of diluents could influence the release kinetic.
The highest correlation coefficient was achieved with the
first-order release for matrices containing lactose. The ki-
netic release of the drug from matrices containing DCP
followed Higuchi model. The values of exponent (n) indi-
cated that both diffusion and erosion are involved in the
release of drug in the formulations containing lactose and/or
DCP (the n value is 0.56–0.61).

Table 2
The kinetic of release of different formulations of propranolol HCl

Formulation code Zero-order model First-order model Higuchi model Peppas model
k0 r2 (%) ss k1 r2 (%) ss kH r2 (%) ss kP n r2 (%) ss

F1 0.05 99.0 5.27 0.06 99.6 0.61 1.39 99.6 2.29 1.07 0.53 99.6 14.7
F2 0.04 98.9 5.28 0.05 99.5 0.70 1.27 99.7 1.32 1.10 0.52 99.6 14.5
F3 0.04 98.5 5.45 0.05 99.1 0.86 1.13 99.8 0.56 1.35 0.47 99.6 12.0
F4 0.03 98.8 2.90 0.04 99.3 0.46 0.93 99.7 0.69 1.29 0.45 99.3 20.6
F5 0.03 98.4 2.73 0.03 98.8 0.48 0.77 99.9 0.24 1.15 0.44 99.6 11.9
F6 0.06 99.4 4.47 0.08 99.9 0.36 1.67 99.2 6.47 0.95 0.57 99.5 22.7
F7 0.06 99.1 7.63 0.08 99.7 0.71 1.74 99.5 4.54 1.02 0.57 99.8 11.2
F8 0.06 99.4 5.59 0.08 99.8 0.46 1.73 99.3 6.25 0.95 0.58 99.6 17.5
F9 0.07 99.2 7.24 0.09 99.8 0.45 1.87 99.4 5.2 1.48 0.61 99.7 13.3
F10 0.07 98.9 11.1 0.09 99.7 0.92 1.91 99.6 4.1 0.98 0.59 99.8 8.7
F11 0.06 99.1 6.86 0.07 99.7 0.61 1.63 99.6 3.36 0.85 0.59 99.8 11.3
F12 0.06 98.9 8.71 0.08 99.6 0.87 1.68 99.6 2.85 1.05 0.56 99.8 9.8
F13 0.06 98.9 8.49 0.07 99.6 0.86 1.64 99.7 2.47 0.78 0.61 99.9 4.5
F14 0.06 98.9 8.62 0.07 99.6 0.87 1.66 99.7 2.57 1.00 0.57 99.8 10.2
F15 0.07 98.8 11.1 0.08 99.2 1.03 1.82 99.7 2.67 1.05 0.58 99.9 6.1

ss: sun of square

Fig. 2. Turbidity of the polycarbophil/HPMC system containing proprano-
lol HCl as a function of polycarbophil concentration.
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3.3. Effect of HPMC/polycarbophil ratio on bioadhesion
strength

Fig. 5 shows the effect of HPMC/polycarbophil ratio on
bioadhesion strength (formulations F1–F5). In these buc-
coadhesive tablets the bioadhesion force increased with in-
creasing the concentration of polycarbophil. It is clear that
the formation of very thin and strong gel layer at the bound-
ary might be necessary for adhesion. The viscosity of this
layer is increased by adding polycarbophil and therefore the
bioadhesion strength increases. To interpret the results, the
possibility of the formation of interpolymer complex be-
tween the HPMC K4M and polycarbophil was evaluated.
Fig. 6 confirmed the interpolymer complex formation em-

ploying turbidity measurements at various pH values (pH
3.5 and 6.8). The figure shows the turbidity of PAA/HPMC
solution as a function of the weight ratio of PAA/HPMC.
Maximum turbidity was observed for the solution containing
60% HPMC and 40% PAA in the acidic medium (pH 3.5).
This result suggested that the interpolymer complex of
HPMC and PAA could be formed at pH 3.5. Therefore, it is
expected that the bioadhesion force decreases with increas-
ing the concentration of polycarbophil in matrices. No inter-
polymer complex formation was observed in the higher pH
(pH 6.8) since the pKa value of acrylic acid, the main mono-
mer of PAA, was reported to be 4.25 at 25 °C [18]. Fig. 5
shows that an increase in the concentration of polycarbophil
resulted in an increase in the bioadhesion force. This could be

Fig. 3. The effect of lactose on the release profile of propranolol HCl from HPMC matrices (n = 3).

Fig. 4. The effect of DCP on the release profile of propranolol HCl from HPMC matrices (n = 3).
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attributed to an inhibitory effect of propranolol HCl on inter-
polymer complex formation in the matrices that causes an
increase in bioadhesion strength.

3.4. Effect of type and amount of diluents on bioadhesion
strength

Fig. 5 also shows the effect of fillers (lactose and DCP) on
the bioadhesion strength of the buccoadhesive tablets. The
results showed that the bioadhesion strength decreased with
increasing the concentrations of the fillers. The statistical test
(ANOVA) showed that the mean adhesion force values of the
tablets containing DCP were significantly less than that of
the tablet containing lactose (P < 0.05). Since DCP can

provide calcium cations, therefore there would be a complex
between carboxylic groups of carbophil and calcium cations.
Thus, the reduction in bioadhesion force for the tablets con-
taining DCP is more considerable than that of the tablets
containing lactose. The complex formation was confirmed
between polycarbophil and DCP by turbidometry results.
The results showed that an increase in the concentration of
polycarbophil the absorbance of the sample containing DCP
was increased. For example, when the concentration of poly-
carbophil in the sample containing DCP was increased from
10% to 90% the absorbance measured at 600 nm was in-
creased from 0.021 to 0.33 indicating complex formation
between calcium ions and polycarbophil, whereas no signifi-
cant changes were observed in the sample containing lactose.
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