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A B S T R A C T

Buccal drug administration is a less explored area, therefore researchers and companies focus on its research
because of its innovative potential and opportunities. Buccal polymer films (patches) are considered to be an
innovative form and have a great number of advantageous properties. Firstly, patients who suffer from swallowing
problems and children can also apply them. The active pharmaceutical ingredient enters the systemic circulation
directly without degradation and transformation. The aim of this study was to formulate buccal films with sodium
alginate (SA) because it is a rarely used, innovative polymer for the formulation of buccal films. The mechanical,
chemical properties and dosage forms of the prepared films were investigated with different methods. To
formulate the films, cetirizine dihydrochloride (CTZ) was used as model drug, and glycerol (GLY) was added to
make the films more elastic. The samples were prepared and stored at room temperature. As a result, it can be
seen that the mechanical properties of all film compositions show good results, especially breaking hardness. The
films with high SA concentration containing CTZ had appropriate mucoadhesion forces, so these samples are
suitable for application on the buccal mucosa. The results of dissolution confirmed this finding. Finally, it can be
said we formulated fast dissolving films and it can be concluded that the films prepared with 3% SA concentration
containing 1% and 3% GLY can be recommended for buccal application.
1. Introduction

Bioadhesive drug delivery systems are becoming increasingly
frequent on the market. One such system is buccal tablets, films and gels.
This administration route is easy to use, so patient compliance is better
than in the case of the intravenous or per os route, etc. [1]. Children,
elderly people and people who suffer from swallowing problems can also
use it [2]. A further advantage of this alternative route is that the active
pharmaceutical ingredient can enter the systemic circulation without
transformation because it avoids the first-pass effect of the liver [3].
Furthermore, local and fast systemic effects can be achieved with these
systems, therefore they can be used in emergencies such as hypertensive
crisis or anaphylactic shock, and also in chronic illnesses like asthma,
allergy, hypertension or other chronic diseases [4, 5, 6, 7].

Mucoadhesion is the process when the materials and the mucin of the
mucous membrane are held together for a long time by attractive
bonding. It is defined as bioadhesion when both connecting materials are
biological. Mucin is a hydrophilic macromolecule and possesses a great
number of hydrogen atoms and hydroxyl groups and can therefore create
primary (covalent, ionic glycosides, ester bonding) and secondary
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(hydrogen bonding, van der Waals forces) bonding with biological
structures [8, 9]. Mucoadhesion includes several types of bonding, the
major categories are adsorption theory, diffusion theory, wetting theory,
fracture theory, and electrostatic theory [10]. Mucoadhesion force and
the time of mucoadhesion are also important for the application because
if one of these two parameters is not sufficient, the absorption of the
active pharmaceutical ingredient (API) cannot occur.

The first step in the development is the selection of the polymer
material with mucoadhesive properties. Many polymers are available
with different parameters [11]. Polymers can be from natural sources,
semi-synthetic, and synthetic. The most commonly used polymers are
cellulose derivatives such as hydroxypropyl cellulose (HPC),
hydroxypropyl-methylcellulose (HPMC), but chitosan, sodium alginate
(SA), polyacrylic acid (PAA) and polyethylene glycol (PEG) are also
common [12, 13, 14, 15, 16]. Plasticizers are also important additives in
the formulation. They can increase the elasticity of the films and make
the application easier, such are, for example, glycerol and mannitol [17].
In addition, many additives can be applied in polymer films, such as
solvents, taste-masking agents, permeation enhancers, saliva-stimulating
agents, etc. [18, 19, 20].
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Table 1. Composition of prepared films.

Samples SA (w/w%) GLY (w/w%) CTZ (10 mg)

1 2 - -

2 3 - -

3 4 - -

4 2 1 -

5 2 3 -

6 2 5 -

7 3 1 -

8 3 3 -

9 3 5 -

10 2 1 þ
11 2 3 þ
12 2 5 þ
13 3 1 þ
14 3 3 þ
15 3 5 þ
16 4 1 -

17 4 3 -

18 4 5 -
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In the literature, there are some studies that investigated the effect of
the polymer material and the plasticizer or any other ingredient in films,
but in these studies the authors did not apply an API despite the fact that
the API can remarkably change the properties of films and in terms of use,
it would be important to investigate them together [14, 21, 22, 23]. The
selected API has to meet some criteria. The applied amount of the API
should not exceed 40–50mg per one dose, it should be soluble in water or
in other solvent, and without these criteria formulation is not possible
[23, 24].

SA is a rarely used polymer in the formulation of mucoadhesive sys-
tems, but it has many advantageous properties [25]. SA is an anionic,
natural, non-toxic, biodegradable, biocompatible polymer with appro-
priate mucoadhesive properties [26, 27]. It can be extracted from
brownseeds. SA has many hydroxyl and carboxyl groups, which allow it
to create bonding with the mucin of the buccal mucosa [28].

In our previous work, we formulated buccal films with HPMC and SA
[27]. HPMC is a conventional and much studied excipient in pharma-
ceutical technology, therefore we mixed it with SA in that work [27]. In
our current project, we used only SA as a polymer film-forming agent
without HPMC because the film-forming properties of SA seem to be
promising based on our previous work. The aim of the current project
was to investigate the film-forming ability of SA and to formulate poly-
mer films from SA which can be applied on the buccal mucosa. This
would be a novel additive from the aspect of administration. Our further
aim was to incorporate other components in the films, such as glycerol
(GLY) and cetirizine dihydrochloride (CTZ). GLY was used as a plasti-
cizer, while CTZ was the model drug. It is a second-generation (non--
sedative) antihistamine and a common drug in the oral treatment of
allergy [29]. Another purpose of our work was to investigate the me-
chanical, in vitro mucoadhesive and physical-chemical properties of
prepared films. In addition, we studied the effect of the plasticizer and
the API on the mechanical properties of these films.

2. Materials and methods

2.1. Materials

SA (Biochemica GmbH, Germany) (10,000–600,000 g/mol) was used
as a film-forming agent in the preparation of buccal films. GLY 85% (w/w
%) was added to the film as a plasticizer (Ph. Eur. 8.). CTZ (Ph. Eur. 8.)
was applied as an active ingredient in the polymer films. It was a gift from
Extractum Pharma Pharmaceutical Manufacturing, Marketing and
Consulting Inc. Distilled water was used as a solvent.

2.2. Preparation of the films

Buccal films were prepared at room temperature with the solvent
casting method. At the beginning of preparation, SA (2, 3 w/w%) was
dissolved in distilled water and mixed (900 rpm) at room temperature.
After solvation, CTZ was added to the polymer solution (0.5523 g/100 g
solution) for 8 h. In the third step, GLY (1, 3, 5 w/w%) was incorporated
into the solution the following day. Mixing was decreased to 100 rpm for
3 h to make the air bubbles disappear from the solution. The solution was
cast on Teflon surface in rubber rings with a diameter of 6.7 cm, with 10 g
of solution/ring, then the solvent was evaporated at room temperature
(25 � 0.5 �C) for 72 h. The Teflon surface was selected because the films
can be removed easily from the surface and the films do not stick to it. At
the same time, Teflon is an inert material, no chemical interactions can
take place between the film components and the surface. The dried
polymer films were removed from the Teflon surface, were put in closed
containers and were stored at room temperature during the in-
vestigations. The preparation method was the same for all films to ensure
the same conditions.

As can be seen, Table 1 contains Samples 1–18. Four compositions
contained 4% SA (Sample 3, Samples 16–18). The preparation of these
samples was difficult because of their high viscosity due to the high
2

concentration of the polymer. Also, these samples had several disad-
vantages in terms of application, such as large thickness and breaking
hardness, low flexibility. Therefore no further investigations were done
with Sample 3, Samples 16–18.

Table 1 shows the prepared polymer films of different compositions.
Samples 10 to 15 are marked in grey because these films contain CTZ.

2.3. Thickness of the films

The thickness of the polymer films was measured with a screw
micrometre (Mitutoyo Co. Ltd, Japan), sensitivity was 0.001 mm. Six
points were selected randomly from all films (n ¼ 6). The means and
standard deviations (SD) were evaluated from these data.

2.4. Breaking hardness of the films

Breaking hardness was tested with a self-developed device and soft-
ware. The device, seen in Figure 1, and the software were developed at
our institute [21, 30]. The device has two different types of sample holder
as probes (needle-like probe, rod-like probe). The equipment has a fix
disc and a vertically moving jowl. Force, force-displacement and time can
be registered. A different sample holder can be applied depending on the
test. The breaking hardness of the films can be examined with the
needle-like probe (its area was 201 mm2). At the beginning of the test,
the sample was fixed on the bottom part of the equipment and the probe
was lowered at constant speed (20 mm/min). The probe moved towards
the film and finally it broke the film. The equipment detected the time,
force and deformation during the test. The test was finished when the
film was broken. The measuring range was 0–200 N, the sampling rate
was 50 Hz, the output was 0–5 V, and the sensitivity was �0.1 N [14].
The test was repeated six times (n ¼ 6) for each film. Tablets, pellets,
films can also be investigated with this equipment. The means and
standard deviations were calculated.

2.5. In vitro mucoadhesivity study

Mucoadhesion was tested with the same self-developed analyser with
different parameters and modifications. During the investigation, the
rod-like probe was used as sample holder with a diameter of 5 mm. A
double-sided adhesive tape was put on the surface of the sample holder,
and the polymer samples were fixed on the other side of the adhesive
tape. A 35-mm-diameter disc was fixed on the bottom part of the



Figure 1. Schematic picture of the self-developed texture analyser. A measures the breaking hardness of films, while B measures the mucoadhesion force of films [31].
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equipment. To this area, 40 μl of freshly prepared mucin dispersion was
injected from measurement to measurement. The mucin dispersion was
prepared in situ before the investigation, 1 g of mucin was mixed in 10 g
of distilled water (10 w/w%). The rod-like sample holder was moved
downward and squeezed to the bottom disc, which contained the mucin,
with 30� 0.1N for 30 s. This constant state part, which can be seen in the
force-time curve, is the first phase of the study. During the second phase,
the sample holder went upwards, and the force was decreased until the
sample started to separate from mucin, which can be detected as a well-
defined peak in the force -time curve. The peak maximum indicates
mucoadhesion force. The test was repeated five times (n ¼ 5) and the
means and standard deviations were calculated.

2.6. HATR FT-IR spectroscopy measurement

The FTIR spectra of the raw materials and the polymer films were
investigated with an Avatar 330 FT-IR apparatus (Thermo-Scientific,
USA). The equipment was coupled with a Zn/Se HATR (horizontal
attenuated total reflectance) plate. The films were put directly on a clean
crystal of the apparatus. The applied spectral range was 600–4000 cm�1

during the investigation. The spectra were collected from 128 scans to
obtain smooth spectra, at the spectral resolution of 4 cm�1 with CO2 and
H2O correction. The aim of the FTIR measurement was to investigate and
determine the chemical interactions between the components of the
films. FTIR spectroscopy demonstrated the different interactions that
take place in the polymer film system, as can be seen in the results. The
explanation of physical phenomena usually derives from chemical pro-
cesses, therefore it is required to know the chemical background. We
tried to find a connection between the chemical interactions and the
other properties of the films.

2.7. Thermoanalytical measurement (thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC))

The thermoanalytical measurement of the prepared films was carried
out with a Mettler-Toledo TGA/DSC1 instrument (Mettler Toledo,
Switzerland). Small pieces of films (approximately 10 mg) were placed in
aluminum pans (100 μL), and were inserted into the instrument. During
the measurement, the start temperature was 25 �C and the end temper-
ature was 500 �C. The heating rate was 10 �C/min. The samples were
investigated in flowing nitrogen atmosphere, the flow rate was 50 ml/
min. The curves were evaluated from the average of two parallel mea-
surements with STARe software [32, 33].

2.8. Dissolution test

Pieces of film of the size of 2 � 2 cm (containing 10 mg of cetirizine
dihydrochloride) were used in the dissolution test. Erweka DT700
3

dissolution equipment with basket tester was used in the investigation.
The mixing speed was 100 rpm and the temperature was 37 �C. The
dissolution medium was 900 ml of phosphate buffer (pH¼ 6.8). Aliquots
were 5 ml and were analysed in 5, 10, 15, 20, 30, 40, 50, 60, 90, 120 min
with Genesys 10S UV-VIS (Thermo Fisher Scientific, USA) UV-
spectrophotometry at λ ¼ 207 nm, which was a sharp and character-
istic peak of the raw material CTZ. This peak was determined to create a
calibration solution from CTZ with distilled water. The UV spectra of the
raw materials were collected and the peak of the raw materials did not
interfere with the peak of CTZ at 207 nm.

2.9. Statistical analyses

The significance test of breaking hardness and in vitromucoadhesivity
was evaluated with Microsoft Excel (version 15, Redmond, Washington
USA) as software. A Two-Sample T-Test was applied. The test was run six
times for each sample. In all cases, the samples were compared to the
composition without CTZ. In each case, we used a significance level p <

0.05. Significance is labelled as ns ¼ p < 0.05; *

3. Results

3.1. Thickness of the films

Table 2 shows the thickness of the films prepared in different com-
positions. As we can see, the thinnest film is Sample 1 (67.45 μm), which
was formulated without GLY and CTZ, and it contained the least amount
of SA. The concentration of SA can increase thickness, and a similar effect
can be observed in the case of raising the GLY concentration. Sample 3 is
thicker (212.43 μm) than Sample 2 (99.34 μm), and Sample 9 (177.38
μm) is also thicker than Sample 7 (106.63 μm). CTZ can also increase
thickness, the films containing CTZ have greater thickness than their
CTZ-free counterparts (Sample 10–105.23 μm, Sample 4–98.29 μm).
However, it can be stated that GLY increased thickness to a greater extent
than CTZ due to the fact that GLY has a water retention effect [34]. At the
same time, SA can also increase the thickness of the films because SA and
CTZ can enhance the dry matter content of the films.

3.2. Breaking hardness of the films

The breaking hardness of films is an important investigation with
respect to application. The patient has to place the film on the buccal
mucosa. During application, the patient exerts force on the film, therefore
the film must have sufficient breaking hardness to resist the force and
have adequate flexibility. During the preformulation study, we tried to
simulate the application force to the mucosa with our fingers. The
moving part of our equipment was removed and the film was pressed
with fingers, with a force similar to that applied by the patients when

mailto:Image of Figure 1|tif


Table 2. Thickness of the polymer films.

Samples Thickness (μm) Standard deviation of thickness (μm)

1 67.45 �8.53

2 99.34 �10.38

3 212.43 �4.92

4 98.29 �6.38

5 135.66 �9.86

6 199.33 �7.53

7 106.63 �8.42

8 123.12 �3.36

9 177.38 �6.92

10 105.23 �5.18

11 148.03 �13.88

12 212.32 �3.43

13 158.05 �4.34

14 194.14 �2.97

15 253.17 �11.30
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pressing it to the mucosa. We concluded that a force of 120 N is sufficient
to create mucoadhesion to the buccal mucosa. So films must have
breaking hardness greater than 120 N to be appropriate for application.
Figure 2 shows the breaking hardness of films of different compositions.
The significance results are marked with * (*; p < 0.05). The breaking
hardness of SA-based films is high because the chains of SA can create a
strong cohesive structure [27]. This hardness was decreased by GLY,
probably GLY increases the bonding distance between the molecules,
therefore the film has a lower breaking point despite the higher amount
of plasticizer. Before the breaking point, these films were more elastic
due to the plasticizer. CTZ can also influence this parameter of films, it
can enhance the strength of films due to creating bindings with SA and
GLY. The investigation of Samples 16–18 reveals that in the films con-
taining 4% polymer concentration the effect of GLY cannot prevail,
presumably the large number of polymer chains can create a very strong
structure and GLY cannot degrade the structure. During preparation, this
great hardness was also experienced because of high viscosity. Overall, it
can be said that most of the compositions have appropriate breaking
hardness because all the films containing CTZ have greater breaking
hardness than 120 N, except for Sample 12.
Figure 2. Breaking hardnes
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3.3. In vitro mucoadhesivity study

In vitro mucoadhesivity study is another important investigation in
terms of application because the films must adhere to the mucosa for the
absorption of the API. Figure 3 shows the results of this study. The sig-
nificance results are marked with * (*; p < 0.05).

As SA is a mucoadhesive polymer, it can noticeably increase the
mucoadhesion force of films due to the high number of free chains which
can bind to the mucin of the buccal mucosa. Sample 3 has the largest
mucoadhesion force from among the films of different compositions. The
2 and 3% films, which contain GLY but no CTZ, have similar mucoad-
hesive properties. The addition of a low amount of GLY to the film can
cause higher mucoadhesion force. This observation can be explained by
the plasticizer effect of GLY. As a result, the films become more elastic
and fit better with the probe and with the bucca than without plasticizer.
The higher GLY concentration causes less mucoadhesion force, so GLY
reduces the mucoadhesivity of the prepared films. The reason for this
conclusion may be that an interaction may occur between the carboxyl
group of GLY and CTZ and SA, leaving fewer free carboxyl groups which
can bind to the oligosaccharide units of mucin. This observation can be
confirmed by the results of FT-IR measurements.

From the mucoadhesivity data, we found that the films with 2% SA
concentration have 7.44 � 0.23 N. The films with 3% SA concentration
have a value close to 18 N with our equipment. It is known from the
literature that the SA has smaller mucoadhesivity (with our equipment
more than 7 N) than cellulose derivatives, but its mucoadhesivity is also
sufficient to bind to the buccal mucosa [35]. We drew the limit at 7 N. So
if the mucoadhesivity of the different compositions is larger than 7 N, it
means they have sufficient force for buccal mucoadhesion.

Films containing CTZ have less mucoadhesion force compared to
their counterparts without CTZ, as can be seen in Figure 3. It can be
concluded that CTZ decreases the mucoadhesion force of films. The 2%
polymer films containing CTZ have very low mucoadhesivity, their force
is less than 5 N. Because of the low forces, these compositions are not
suitable for application on the buccal mucosa. The 3% polymer films
containing CTZ have better mucoadhesivity properties, their force is
almost 10 N, except for Sample 15 containing 5% GLY.

3.4. FT-IR spectroscopy measurement

FT-IR spectroscopy as an interaction study was carried out to obtain
information about the interactions between the API and other excipients
s of the prepared films.

mailto:Image of Figure 2|tif


Figure 3. Mucoadhesion force of the prepared films.
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in the film. The results of the FT-IR investigation can be seen in Figure 4
and Figure 5. In both spectra, there is a peak at 3340 cm�1, which cor-
responds to the O–H stretching vibration of GLY [36]. This peak shifts to
the lower frequency zone and its intensity increases with higher GLY
concentration. This observation can be attributed to weak interactions,
intermolecular hydrogen bonds between SA, GLY and CTZ.

The peak at 1739 cm�1 may appear, which determines the carboxyl
group of the API [37]. This peak disappears as the amount of the polymer
and the plasticizer increases. Figure 4 shows a peak shifted to the lower
wavenumber in the case of the 2% polymer films, and the shifted peak is
Figure 4. Spectra of raw mater
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larger when increasing the GLY concentration. With 3% SA and high
concentrations of GLY, this peak totally disappears and becomes un-
identifiable (Figure 5). This phenomenon shows a strong interaction
(hydrogen bonding) between the carboxylic group of CTZ and the OH�

group of the polymer and the plasticizer.
In the spectra, there are two characteristic peaks at 1586 cm�1 and

1412 cm�1. These peaks represent the asymmetrical and symmetrical
stretching vibration of COO� groups. As a function of GLY concentration,
the intensity of the peak may increase in the case of films with 3%
polymer concentration, as shown in Figure 4 and Figure 5. This
ials and 2% polymer films.

mailto:Image of Figure 3|tif
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Figure 5. Spectra of raw materials and 3% polymer films.
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phenomenon is due to the interaction between CTZ, SA and GLY, as can
be seen at 1739 cm�1 also. The reason for this observation is that the 3%
polymer films contain more free COO� groups than the 2 % polymer
films, therefore a higher peak can be detected in this area in Figure 5.

The results of the FT-IR measurement can be related to the mechan-
ical properties of the films and the dissolution test. As can be seen from
Figure 6. Thermal properties of raw mater

6

the FT-IR measurements, at 1739 cm�1 a strong interaction can occur in
the 3% polymer films, which means these films have a cohesive, stable
structure with higher breaking hardness and higher mucoadhesivity than
the 2% polymer films. At the same time, these strong interactions can
slow drug release because the hydrogen bond can cause a stable structure
and it is more resistant to the degradation effect during the dissolution
ials as shown by TGA and DSC curves.

mailto:Image of Figure 5|tif
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Figure 7. Thermal properties of the 2% polymer films as shown by TG and DSC curves.
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test. The effect of GLY concentration on drug release is connected to the
interaction at 3300 cm�1, so the films with the highest GLY concentration
can form the strongest interactions, therefore the dissolution is the
slowest in the case of this film composition.

As a conclusion, we focused on identifying the chemical interactions
between the components of films with FT-IR spectroscopy. It is important
to know because chemical interactions can influence the physical pa-
rameters of the film. From our results, it can be concluded that strong
interactions can occur between SA, GLY and CTZ. Typically, hydrogen
bonds can be formed in the films, and the strength of the bond depends
on the polymer concentration. These interactions affect mostly the
dissolution of the API. The purpose of the FT-IR measurement was
achieved.
Figure 8. Thermal properties of the 3% polym
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3.5. Thermoanalytical measurement (TGA, DSC)

In Figure 6 the TGA and DSC curves of the raw materials can be seen.
The TGA curves in Figure 6 show that the mass loss of the film-forming
agent is 11.84% until 180 �C, and 47.56% until 500 �C. The decompo-
sition process starts from 75 �C. For GLY, the mass loss is almost similar
until 180 �C, but it is more than 86% until 500 �C. The mass loss curve of
CTZ reveals that the decomposition starts above 200 �C, so CTZ can be
said to be a thermostable API.

The DSC curve of SA shows an endothermic peak from 40 �C to 150 �C
and an exothermic peak is visible from 200 �C to 280 �C. For GLY, 2 peaks
can also be detected. The first peak appears at 118.23 �C, it is an endo-
thermic peak. The second peak starts from 215 �C and ends at 320 �C.
er films as shown by TG and DSC curves.
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Figure 9. Dissolution curves of the 2% polymer concentration films under 20 min.
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This peak indicates the decomposition of GLY. The decomposition of CTZ
starts after the melting point, which can be seen at 223.32 �C, followed
by the general decomposition of CTZ.

After the examination of the excipients, we wished to investigate the
behaviour of the prepared films and explore the interaction between the
excipients. The results of the thermal behaviour of films can be found in
Figure 7 and Figure 8. Figure 7 shows the thermal behaviour of 2%
polymer films, and in Figure 8 the thermoanalytical curves of 3% poly-
mer films can be seen. The decomposition of buccal films can take place
in two steps. In the first step (until 180 �C), it is visible that films with the
lowest GLY concentration (Sample 10) have the lowest mass loss, which
can be explained by the lower water content of films with low GLY
concentration. In the case of larger GLY and SA concentrations, which
Figure 10. Dissolution curves of the 3% pol
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result in a higher water content, there is no significant difference in the
mass loss of Samples 11–15.

In the second step of Figure 7 and Figure 8, the same observations can
be made, but the values of the mass loss of the films with different
compositions are higher and can be detected from 60% to 75% due to the
remarkable decomposition of CTZ and GLY and a little bit of SA.

Two characteristic peaks of SA can be found in the DSC curves of the
films with different compositions (Figure 7 and Figure 8). The first peak
shifts towards higher temperature with increasing GLY concentration.
This observation may reveal a moderate interaction between the excip-
ients of the films, which may indicate the presence of hydrogen bonds.
This fact confirms the results of FT-IR spectroscopy. The second
(exothermic) peak of the DSC curves also shows a shift with increasing
ymer concentration films under 20 min.
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GLY concentration, the exothermic peak moves towards the lower tem-
perature. This correlation appears to be notable for the films with 1% and
3% GLY concentrations, but it is not noticeable for films with medium
and high GLY concentrations. The correlation can be applied to films
with 2% and 3% SA concentrations.

In summary, the decomposition processes generally start from 70 �C,
so the polymer films can be considered thermally stable up to this
temperature.

3.6. Dissolution test

The dissolution study is one of the most important dosage form tests.
The results of the dissolution study of the films with 2 % polymer con-
centration are shown in Figure 9. During the whole test (120 min), the
total amount of CTZ dissolved from the different compositions of the
films. In the first 20 min, the largest amount dissolved from the
composition containing less GLY, around 73%more than from films with
a higher GLY content. Less API could dissolve from the film with 5% GLY
concentration, in this case less than 55%. GLY can remarkably reduce the
speed of dissolution. This fact is the most likely related to the stronger
bonding between the components.

Figure 10 shows the dissolution of the 3% polymer films. From these
films, the total amount of CTZ could also dissolve during the whole test.
There is no significant difference between the amount of the dissolved
API and the different plasticizer concentrations of the 3% polymer films.
A difference can be detected in the shape of the curves. In the case of 2%
polymer films, the curves are comparable to a saturation curve without
steady state stage. The curves of the films with 3% polymer concentration
have a step between 7 and 10 min, in this period steady state can be
detected, which can also be explained by the structural relationships
between SA, GLY and CTZ, which is supported by FT-IR spectroscopy
measurement. A more stable structure can be created, therefore it takes
time for the cohesive and adhesive structure to degrade and for the drug
to be released.

4. Conclusion

In our present research, we focused on the film-forming ability of SA
and on formulating buccal films with SA. In the films, CTZ was applied as
a drug. The mechanical properties of the films showed that SA can create
a strong, cohesive structure, and due these properties all compositions
had a very large breaking hardness. It can be concluded from the result
that the amount of SA and CTZ can increase this film parameter, but GLY
reduces it.

From the mucoadhesion study, we can observe the good mucoadhe-
sive properties of SA, while GLY and CTZ reduce the mucoadhesion force
of films. The films with 2% polymer concentration containing API had no
satisfactory mucoadhesivity, so Samples 10–12 cannot be used on the
buccal mucosa, whereas the films with 3% polymer concentration con-
taining CTZ had fine mucoadhesivity property.

By the FT-IR measurement, weak and strong interactions between the
different excipients can also be detected. These interactions can typically
be identified as hydrogen bondings, which confirmed the results of the
mechanical properties of the films, especially breaking hardness.

Thermal analysis can also detect interactions between the different
materials in the films. This interaction determines that hydrogen bond-
ings can be created in the films. The observation of interaction between
the excipients was proved with two different measurements. Due to this
phenomenon, the thermal stability of films can increase in the first place,
but it can also increase mechanical stability. The films are thermally
stable up to 70 �C, so it is possible to increase the temperature of prep-
aration to speed up the production.

Overall, it can be stated that we formulated a fast dissolving buccal
film from SA and found promising compositions, especially Sample 13 (3
% SAþ1% GLY-CTZ) and Sample 14 (3 % SAþ1% GLY-CTZ), which are
suitable and possible to apply as a buccal drug delivery system.
9

Declarations

Author contribution statement

Kriszti�an Paml�enyi: Conceived and designed the experiments; Per-
formed the experiments; Analyzed and interpreted the data; Wrote the
paper.

Katalin Krist�o: Conceived and designed the experiments; Analyzed
and interpreted the data; Wrote the paper.

Tam�as Sov�any: Analyzed and interpreted the data; Wrote the paper.
G�eza Regdon jr: Conceived and designed the experiments; Analyzed

and interpreted the data; Contributed reagents, materials, analysis tools
or data; Wrote the paper.

Funding statement

This work was supported by The University of Szeged Open Access
Fund (FundRef, Grant No. 5651), was also supported by Richter Gedeon
Talentum Foundation (Grant No. 010819) and the ÚNKP-21-3 New Na-
tional Excellence Program of the Ministry for Innovation and Technology
from the Source of the National Research, Development and Innovation
Fund (Grant No. ÚNKP-21-3).

Kriszti�an Paml�enyi was supported by Richter Gedeon Talentum
Foundation (Grant No. 100108190822).

Data availability statement

Data will be made available on request.

Declaration of interest's statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

The authors thank Extractum Pharma Pharmaceutical Manufacturing,
Marketing and Consulting Inc. for supplying cetirizine dihydrochloride.

References

[1] A.S. Macedo, P.M. Castro, L. Roque, N.G. Thom�e, C.P. Reis, M.E. Pintado, P. Fonte,
Novel and revisited approaches in nanoparticle systems for buccal drug delivery,
J. Contr. Release 320 (2020) 125–141.

[2] B. Fonseca-Santos, M. Chorilli, An overview of polymeric dosage forms in buccal
drug delivery: state of art, design of formulations and their in vivo performance
evaluation, Mater. Sci. Eng. C 86 (2018) 129–143.

[3] J. Xu, S. Strandman, J.X.X. Zhu, J. Barralet, M. Cerruti, Genipin-crosslinked
catechol-chitosan mucoadhesive hydrogels for buccal drug delivery, Biomaterials
37 (2015) 395–404.

[4] A.I. Raafat, G.A. Mahmoud, A.E.-H. Ali, N.A. Badawy, M.F. Elshahawy, In vitro
evaluation of mucoadhesive and self-disinfection efficiency of (acrylic acid/
polyethylene glycol)-silver nanocomposites for buccal drug delivery, J. Bioact.
Compat Polym. 33 (2018) 95–115.

[5] M.A. Rogawski, A.H. Heller, Diazepam buccal film for the treatment of acute
seizures, Epilepsy Behav. 101 (2019), 106537.

[6] R. Kumria, A.B. Nair, G. Goomber, S. Gupta, Buccal films of prednisolone with
enhanced bioavailability, Drug Deliv. 23 (2016) 471–478.

[7] A. Flo, A.C. Calpena, L. Halbaut, E.I. Araya, F. Fern�andez, B. Clares, Melatonin
delivery: transdermal and transbuccal evaluation in different vehicles, Pharm. Res.
(N. Y.) 33 (2016) 1615–1627.

[8] G. Sandri, M. Ruggeri, S. Rossi, M.C. Bonferoni, B. Vigani, F. Ferrari, (Trans)buccal
drug delivery, in: Nanotechnology for Oral Drug Delivery, Elsevier, 2020,
pp. 225–250.

[9] P. Laur�en, H. Paukkonen, T. Lipi€ainen, Y. Dong, T. Oksanen, H. R€aikk€onen,
H. Ehlers, P. Laaksonen, M. Yliperttula, T. Laaksonen, Pectin and mucin enhance the
bioadhesion of drug loaded nanofibrillated cellulose films, Pharm. Res. (N. Y.) 35
(2018) 145.

http://refhub.elsevier.com/S2405-8440(22)01652-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref1
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref2
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref3
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref4
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref5
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref6
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref7
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref8
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref9


K. Paml�enyi et al. Heliyon 8 (2022) e10364
[10] M.L. Bruschi, S.B. de Souza Ferreira, J. Bassi da Silva, Mucoadhesive and mucus-
penetrating polymers for drug delivery, in: Nanotechnology for Oral Drug Delivery,
Elsevier, 2020, pp. 77–141.

[11] F. Laffleur, Mucoadhesive polymers for buccal drug delivery, Drug Dev. Ind. Pharm.
40 (2014) 591–598.

[12] O.C. Okeke, J.S. Boateng, Composite HPMC and sodium alginate based buccal
formulations for nicotine replacement therapy, Int. J. Biol. Macromol. 91 (2016)
31–44.

[13] R. Trastullo, A. Abruzzo, B. Saladini, M.C. Gallucci, T. Cerchiara, B. Luppi,
F. Bigucci, Design and evaluation of buccal films as paediatric dosage form for
transmucosal delivery of ondansetron, Eur. J. Pharm. Biopharm. 105 (2016)
115–121.

[14] A. Kelemen, B. Katona, S. M�odra, Z. Aigner, I. Sebe, K. Pintye-H�odi, R. Zelk�o,
G. Regdon, K. Krist�o, Effects of sucrose palmitate on the physico-chemical and
mucoadhesive properties of buccal films, Molecules 25 (2020) 5248.

[15] A. Kazsoki, A. Domj�an, K. Süvegh, R. Zelk�o, Microstructural characterization of
papaverine-loaded HPC/PVA gels, films and nanofibers, Eur. J. Pharmaceut. Sci.
122 (2018) 9–12.

[16] K.-G.H. Desai, S.R. Mallery, A.S. Holpuch, S.P. Schwendeman, Development and in
vitro-in vivo evaluation of fenretinide-loaded oral mucoadhesive patches for site-
specific chemoprevention of oral cancer, Pharm. Res. (N. Y.) 28 (2011) 2599–2609.

[17] M. Montenegro-Nicolini, J.O. Morales, Overview and future potential of buccal
mucoadhesive films as drug delivery systems for biologics, AAPS PharmSciTech 18
(2017) 3–14.

[18] J.O. Morales, J.T. McConville, Manufacture and characterization of mucoadhesive
buccal films, Eur. J. Pharm. Biopharm. 77 (2011) 187–199.

[19] S. Farias, J.S. Boateng, In vitro, ex vivo and in vivo evaluation of taste masked low
dose acetylsalicylic acid loaded composite wafers as platforms for buccal
administration in geriatric patients with dysphagia, Int. J. Pharm. 589 (2020),
119807.

[20] Y.H.-E.Y. Ibrahim, G. Regdon, K. Krist�o, A. Kelemen, M.E. Adam, E.I. Hamedelniel,
T. Sov�any, Design and characterization of chitosan/citrate films as carrier for oral
macromolecule delivery, Eur. J. Pharmaceut. Sci. 146 (2020), 105270.

[21] M. Gottnek, K. Süvegh, K. Pintye-H�odi, G. Regdon, Effects of excipients on the
tensile strength, surface properties and free volume of Klucel® free films of
pharmaceutical importance, Radiat. Phys. Chem. 89 (2013) 57–63.

[22] A.M. Ili Balqis, M.A.R. Nor Khaizura, A.R. Russly, Z.A. Nur Hanani, Effects of
plasticizers on the physicochemical properties of kappa-carrageenan films extracted
from Eucheuma cottonii, Int. J. Biol. Macromol. 103 (2017) 721–732.

[23] A. Miro, I. d’Angelo, A. Nappi, P. La Manna, M. Biondi, L. Mayol, P. Musto,
R. Russo, M.I.L. Rotonda, F. Ungaro, F. Quaglia, Engineering poly(ethylene oxide)
buccal films with cyclodextrin: a novel role for an old excipient? Int. J. Pharm. 452
(2013) 283–291.
10
[24] A.B. Nair, R. Kumria, S. Harsha, M. Attimarad, B.E. Al-Dhubiab, I.A. Alhaider, In
vitro techniques to evaluate buccal films, J. Contr. Release 166 (2013) 10–21.

[25] M. Szekalska, M. Wr�oblewska, M. Trofimiuk, A. Basa, K. Winnicka, Alginate
oligosaccharides affect mechanical properties and antifungal activity of alginate
buccal films with posaconazole, Mar. Drugs 17 (2019) 692.

[26] L. Wang, Y. Wu, J. Li, H. Qiao, L. Di, Rheological and mucoadhesive properties of
polysaccharide from Bletilla striata with potential use in pharmaceutics as bio-
adhesive excipient, Int. J. Biol. Macromol. 120 (2018) 529–536.

[27] K. Paml�enyi, K. Krist�o, O. J�oj�art-Laczkovich, G. Regdon, Formulation and
optimization of sodium alginate polymer film as a buccal mucoadhesive drug
delivery system containing cetirizine dihydrochloride, Pharmaceutics 13 (2021)
619.

[28] K. Haugstad, A. Håti, C. Nordgård, P. Adl, G. Maurstad, M. Sletmoen, K. Draget,
R. Dias, B. Stokke, Direct determination of chitosan–mucin interactions using a
single-molecule strategy: comparison to alginate–mucin interactions, Polymers 7
(2015) 161–185.

[29] F. Horak, P. Zieglmayer, R. Zieglmayer, P. Lemell, The effects of bilastine compared
with cetirizine, fexofenadine, and placebo on allergen-induced nasal and ocular
symptoms in patients exposed to aeroallergen in the Vienna Challenge Chamber,
Inflamm. Res. 59 (2010) 391–398.

[30] A. Kelemen, M. Gottnek, G. Regdon, K. Pintye-H�odi, New equipment for
measurement of the force of adhesion of mucoadhesive films, J. Adhes. Sci.
Technol. 29 (2015) 1360–1367.

[31] K. Krist�o, O. Kov�acs, A. Kelemen, F. Lajk�o, G. Kliv�enyi, B. Jancsik, K. Pintye-H�odi,
G. Regdon, Process analytical technology (PAT) approach to the formulation of
thermosensitive protein-loaded pellets: multi-point monitoring of temperature in a
high-shear pelletization, Eur. J. Pharmaceut. Sci. 95 (2016) 62–71.

[32] M. Gottnek, K. Pintye-H�odi, G. Regdon, Tracking of the behaviour of lidocaine base
containing hydroxypropylcellulose free films with thermoanalytical method,
J. Therm. Anal. Calorim. 120 (2015) 201–208.

[33] G. Regdon, A. K�osa, I. Er}os, K. Pintye-H�odi, Thermoanalytical behaviour of some
coating free films, J. Therm. Anal. Calorim. 89 (2007) 793–797.

[34] M. Jouki, N. Khazaei, M. Ghasemlou, M. HadiNezhad, Effect of glycerol
concentration on edible film production from cress seed carbohydrate gum,
Carbohydr. Polym. 96 (2013) 39–46.

[35] K. Kesavan, Sodium alginate based mucoadhesive system for gatifloxacin and its in
vitro antibacterial activity, Sci. Pharm. 78 (2010) 941–957.

[36] M. Ionita, M.A. Pandele, H. Iovu, Sodium alginate/graphene oxide composite films
with enhanced thermal and mechanical properties, Carbohydr. Polym. 94 (2013)
339–344.

[37] M. Paczkowska, M. Mizera, K. Lewandowska, M. Kozak, A. Miklaszewski,
J. Cielecka-Piontek, Effects of inclusion of cetirizine hydrochloride in
β-cyclodextrin, J. Inc. Phenom. Macrocycl. Chem. 91 (2018) 149–159.

http://refhub.elsevier.com/S2405-8440(22)01652-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref10
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref11
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref12
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref13
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref14
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref15
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref16
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref17
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref18
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref19
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref20
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref21
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref22
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref23
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref24
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref25
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref26
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref27
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref28
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref29
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref30
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref31
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref32
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref33
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref34
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref35
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref35
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref35
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref36
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref37
http://refhub.elsevier.com/S2405-8440(22)01652-8/sref37

	Development and evaluation of bioadhesive buccal films based on sodium alginate for allergy therapy
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Preparation of the films
	2.3. Thickness of the films
	2.4. Breaking hardness of the films
	2.5. In vitro mucoadhesivity study
	2.6. HATR FT-IR spectroscopy measurement
	2.7. Thermoanalytical measurement (thermogravimetric analysis (TGA), differential scanning calorimetry (DSC))
	2.8. Dissolution test
	2.9. Statistical analyses

	3. Results
	3.1. Thickness of the films
	3.2. Breaking hardness of the films
	3.3. In vitro mucoadhesivity study
	3.4. FT-IR spectroscopy measurement
	3.5. Thermoanalytical measurement (TGA, DSC)
	3.6. Dissolution test

	4. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest's statement
	Additional information

	Acknowledgements
	References


