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Formulation, Optimization, and In-Vitro Evaluation of Hyaluronic Acid Buccal
Films Containing Benzydamine Hydrochloride

Alptug KARAKUCUK %2 Serdar TORT !

ABSTRACT

Aim: Mucoadhesive buccal films provide drug delivery for both local and systemic circulation with increased patient
compliance. The objective of this study was to develop a buccal film containing benzydamine hydrochloride (BNZ) by
using hyaluronic acid (HA) as a film-forming agent and glycerin (Gly) as a plasticizer for the anti-inflammatory effect on
the mucosal ulcer.

Material and Methods: The effects of different concentrations of HA and Gly on responses were analyzed using 2°
factorial design. The HA and Gly ratio were selected as independent factors, and work of mucoadhesion, tensile strength,
elongation at break, and contact angle values were chosen as dependent factors. Nine different film formulations were
prepared at constant BNZ concentration (0.15%) by solvent casting method. Mechanical and mucoadhesion properties of
film formulations were evaluated, and also contact angles were calculated. The BNZ release profiles were evaluated in
simulated saliva solution (pH 6.8).

Results: All film formulations were successfully prepared by solvent casting method. Increasing HA concentration from
0.5 to 2 % raised the mechanical and mucoadhesion properties of film formulations. Although the addition of Gly
decreased the tensile strength values, it increased the elongation at break values about ten times. All formulations
released more than 60 % BNZ in 60 mins.

Conclusion: 1t is concluded that HA oral mucoadhesive film formulations containing BNZ are promising for treating
oral ulcers.

Keywords: Benzydamine hydrochloride; hyaluronic acid; buccal film; solvent casting method.

Benzidamin Hidrokloriir i¢eren Hyaluronik Asit Bukkal Filmlerinin Formiilasyon,
Optimizasyon ve In-Vitro Degerlendirilmesi

(0V4

Amag¢: Mukoadezif bukkal filmler, artmis hasta uyumu ile hem lokal hem de sistemik dolasima ilag gegisini saglayan
sistemlerdir. Bu g¢alismanin amaci, mukozal ilser tlizerindeki antiinflamatuvar etki i¢in film olusturucu ajan olarak
hyaluronik asit (HA) ve plastizer olarak gliserin (Gly) kullanarak benzidamin hidrokloriir (BNZ) igeren bukkal film
geligtirmektir.

Gere¢ ve Yontemler: Farkli HA ve Gly konsantrasyonlarimn etkisi 2% faktéryel tasarim kullamlarak analiz edilmistir.
HA ve Gly orani bagimsiz faktorler segildi ve mukoadezyon, gerilme kuvveti, kopmada uzama ve temas agis1 degerleri
bagimli faktdrler olarak secildi. Dokuz farkli film formiilasyonu ¢oziici dokme yontemi ile sabit BNZ
konsantrasyonunda (% 0,15) hazirlandi. Film formiilasyonlarinin mekanik, mukoadezyon 6zellikleri degerlendirildi ve
temas agilar1 hesaplandi. BNZ salim profilleri, yapay tiikriik ¢ozeltisinde (pH 6.8) gergeklestirildi.

Bulgular: Film formiilasyonlarmim hepsi ¢6ziicii dokme yontemi ile basariyla hazirlanmistir. HA konsantrasyonunun %
0,5'ten %2'ye yiikseltilmesi, film formiilasyonlarinin mekanik ve mukoadezif 6zelliklerini artirmistir. Gly ilavesi kopma
gerilim degerlerini diigiirmesine ragmen kopma uzamasi degerlerini yaklasik 10 kat arttirmistir. Tiim formiilasyonlar 60
dakikada % 60'tan fazla BNZ salmustir.

Sonu¢: BNZ igeren HA oral mukoadezif filmlerin oral {ilserlerin tedavisi igin umut verici bir formiilasyon oldugu
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sonucuna varilmistir.
Anahtar Kelimeler: Benzidamin hidrokloriir; hyaluronik
asit; bukkal film; ¢6ziicii dokme yontemi.

INTRODUCTION

Oral ulcers are formed due to epithelial damage or
specific causes as trauma, hypersensitivity, malignancy,
and chemotherapy (1). The typical approach for the
treatment of oral ulcers is topical applications. Patches
and films are widely used for drug delivery to oral ulcers
of the oral cavity, characterized by painful ulceration of
the oral mucosa (2).

Oral films bring benefits for the patients who have
difficulties with swallowing (3). One of the oral films is
the buccal film which delivers drug compounds through
the oral mucosa. They are defined as "single-or multi-
layer sheets that adhere to the buccal mucosa and may
dissolve" in the European Pharmacopeia (4). They may
be preferred over conventional dosage forms in regards to
flexibility and comfort. They also can easily be washed
away by saliva and protect the wound surface, which
reduces the pain (5). Other advantages of buccal films
include controlled drug delivery, avoidance of hepatic
first-pass effect, large absorption surface, and simple
delivery devices (6).

Mucoadhesive buccal films are prepared by the solvent
casting method. In this method, a film-forming polymer
is dispersed in a solvent, and the solution is cast on a flat
surface. The laminar hot-melt extrusion technique can
also use to produce buccal films. The film's mechanical
properties were affected by the type and amount of the
film-forming polymer, active compound and plasticizer,
residual solvents, and manufacturing process (7).
Plasticizer affects tensile strength and elongation of the
films, and it helps to improve the flexibility of the film
formulation. Various agents such as glycerin, sorbitol,
propylene glycol, polyethylene glycol, dibutyl phthalate,
or citrate esters can be used as a plasticizer at a
concentration between 0-20% (8).

Benzydamine hydrochloride (BNZ) is a non-steroidal
compound, which affects topical anti-inflammatory,
analgesic, anesthetic, and antimicrobial effects on oral
ulcers (2). Oral, topical, and mucosal dosage alternatives
are currently available for BNZ in the market. It is used
for the anti-inflammation effect on the oral cavity at a
concentration of 0.15% (9). BNZ has rare adverse effects,
which include numbness and mucosal irritation (10).
Hyaluronic acid (HA) is a biodegradable, biocompatible,
non-immunogenic, and mucoadhesive linear
polysaccharide of D-glucuronic acid and N-acetyl-D-
glucosamine (11-13). It provides tissue healing for oral
ulcers by activating the inflammatory responses,
promoting cell growth, and re-epithelization (14).

The objective of the current study was to develop a
buccal film containing BNZ as an active compound. The
buccal films were produced by solvent casting method by
using HA as a film-forming polymer. The combination
use of HA with non-steroid anti-inflammatory drugs
(NSAIDs), in this case, BNZ, can bring benefits for the
fast relief and healing for oral ulceration (11). The
glycerin (Gly) was used as a plasticizer if necessary. The
formulation design was generated, and in-vitro

characterization, bioadhesion, and in vitro drug release
studies were performed.

MATERIAL AND METHODS

Materials

Benzydamine hydrochloride was provided from Abdi
Ibrahim Pharmaceuticals. Hyaluronic acid (400 kDa) was
purchased from Kadioglu Medikal (Ankara, Turkey). Gly
was purchased from Sigma Aldrich. All other chemicals
were analytical grade.

Preparation of BNZ mucoadhesive buccal film
formulations

BNZ mucoadhesive buccal films were prepared by using
the solvent casting method. Firstly, different amounts of
HA (0.5, 1, 2%) were dissolved in distilled water at room
temperature under mechanical mixing (Eurostar 20
equipped with R1302 dissolver stirrer, 1IKA) for 3 h.
Then, 0.15% BNZ was dissolved in the HA gel, and 0, 1,
or 2% of Gly was added directly as the plasticizer. Nine
different film formulations were prepared (Table 1).

Table 1. Different concentrations of HA, Gly and BNZ
used in BNZ film formulations

Formulation code HA Gly BNZ
(%) (%) (%)

F1 0.5 0 0.15
F2 0.5 1 0.15
F3 0.5 2 0.15
F4 1 0 0.15
F5 1 1 0.15
F6 1 2 0.15
F7 2 0 0.15
F8 2 1 0.15
F9 2 2 0.15

Finally, 15 g of the gel was poured into a plastic petri
dish (diameter 9 cm), and the solvent was left to
evaporate at room temperature in a fume hood for 48 h.
The dried films were cut with stainless-steel punch before
the analysis. 23- the factorial design was generated with
independent factors, which were HA and Gly ratio, and
dependent factors, which were work of bioadhesion,
tensile strength, elongation at break, and contact angle
values. The amount of BNZ used in buccal films was
chosen as 0.15%, which is the same amount in
commercial products. It was intended to develop buccal
films. Therefore the desired target attributed levels were
specified as suitable bioadhesion and mechanical
properties, <90° of contact angle and 80% BNZ release in
60 minutes as the quality target product profile. Gly and
HA amounts differ in literature data, and the
concentrations were selected regarding pre-studies.
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Experiments were performed randomized with two
replicates. Data were analyzed by using Design Expert®
Version 9.

Scanning Electron Microscopy (SEM) studies

The morphologies of BNZ mucoadhesive film
formulations were analyzed with SEM images. SEM
images of films were collected using a scanning electron
microscope (Thermo Scientific Quattro S). Images were
captured at 15 kV with different magnifications under
high vacuum conditions.

Characterization studies of BNZ mucoadhesive buccal
film formulations

Mechanical and mucoadhesive performance of BNZ
mucoadhesive film formulations were evaluated using a
Texture Analyzer. Tensile strength and elongation at
break values were analyzed in terms of mechanical
properties. The buccal tissue of sheep is fixed on the base
of the heavy-duty platform. Film formulation was fixed
to the lower end of the probe. The buccal tissue was
wetted with saline prior to the experiment. The probe was
contacted with the buccal tissue for 120 s with an applied
force of 0.2 N and the rate of 1 mm/s. The area under
force (N) —distance (mm) curve was calculated using the
device's software, and the work of mucoadhesion was
measured. All measurements were triplicated. For the
determination of the mechanical properties, mini tensile
grip apparatus was used. Film formulations were cut with
a shape of 3x1 cm. The deformation area was fixed as
1x1 cm.

The hydrophilicity/hydrophobicity of film formulations
were evaluated with an optical tensiometer (Attension
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Theta Lite, Biolin Scientific, Finland). For this purpose, 5
uL distilled water was dropped on a film surface. Then,
the contact angle of the droplet on the film was calculated
by using the OneAttension software.
Release studies of mucoadhesive
formulations

Release studies were adapted from an in vitro dissolution
method for sublingual tablets (15). For this purpose, BNZ
from film formulations was placed in 2 mL of simulated
saliva solution (pH 6.8) as a dissolution medium at 37 °C.
At predetermined time points (5, 10, 15, 30, 60 min), a 10
pL sample was withdrawn, and a buffer solution with the
same volume was added. BNZ concentration in the
sample was determined using a small volume
spectrophotometer at 305 nm (BioSpec Nano, Shimadzu).
The drug concentration was calculated from the
calibration curve, which was determined with the
absorbances of the prepared standard dilutions.

buccal film

RESULTS

In this study, 0.5, 1, and 2% concentrations of HA were
selected for film-forming. 0, 1 and 2% concentrations of
Gly were used as plasticizer due to its safety in oral
mucosal treatments.

The effects of different concentrations of HA and Gly on
responses were analyzed by using 2° factorial design.
Contour graphs were generated to evaluate the results
(Figure 1). Two-way interaction between the
concentration of Gly and concentration of HA was found
significant for the work of bioadhesion results (Figure 1).
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Figure 1. Contour plots of responses showing the effect of the hyaluronic acid and glycerol. A- work of bioadhesion, B-

tensile strength, C- elongation at break, D- contact angle
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The increased bioadhesion values were observed while
using the higher level of HA. This may be due to
obtaining higher surface area by increasing polymer
concentration (14).

Figure 2. SEM images of F7 (a), F( ‘r'1d F9 (é) formulations

In-vitro release studies were evaluated in two groups: the
effect of HA without glycerin (F1, F4, F7) and glycerin at
2% HA (F7, F8, F9) concentrations. Both F1 and F4
formulations showed a burst release and released more
than 80% drug in 5 minutes (Figure 3). The release
profiles of F1 and F4 were found to be similar. As
expected, increasing HA at 2% concentration decreased
the BNZ release.
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Figure 3. In vitro release profiles of formulations

SEM images showed that increasing Gly concentration
from 0 to 2 % caused some cracks and defects on the film
surface. F7 formulation had crack-free morphology
compared to F8 and F9 formulations (Figure 2).
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DISCUSSION

BNZ is a commonly used active substance in oral or
pharyngeal ulceration treatment. A combination of BNZ
with chlorhexidine gluconate is an alternative against
topical steroids (16). It is freely soluble in water and
primarily used in mouthwash formulations. HA, which
can be found in some tissues, has ulcer healing effects
due to its anti-inflammatory properties. In addition to its
pharmacological wound healing activity, it has superior
film-forming properties (17). Although the high
molecular weight of HA (>300 kDa) improves the film-
forming property, the low molecular weight of HA (<300
kDa) is more successful in terms of skin penetration (18).
The bioadhesion is a crucial factor for buccal films that
affect therapeutic effect for prolonged periods (19). It is
seen that using above 1.5% of HA with 2% of Gly
resulted in higher work of bioadhesion results (Figure
1A). Linear models were used for tensile strength,
elongation at break, and contact angle (Figure 1B-D). The
tensile strength and elongation of break parameters are
about the strength and elasticity of the film. The
maximum stress applied to the part of the film is
measured at which the film breaks for tensile strength.
The ratio of increased length of the film to original length
is calculated for elongation at break. Using a higher
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concentration of plasticizer resulted in lower tensile
strength values, which is compatible with literature (20).
Hydrophilicity and wettability of the films were evaluated
by contact angle measurements. Higher HA concentration
resulted in a higher contact angle up to 50°. Increasing
Gly concentration provided a narrower angle of contact.
Hence, Gly concentration improves the hydrophilic
property of HA films.

HA concentration directly affects mechanical properties.
Film formulations without Gly had the highest tensile
strength values due to their rigid structure. The addition
of Gly softened the film formulations, which is obvious
according to tensile strength values. Tensile strength
values of F7 formulation without Gly decreased
dramatically from 10 MPa to below 0.1 MPa by the
addition of Gly. In contrast, Gly addition increased the
elongation at break values. Like our results, Salehi and
Boddohi found higher elongation at break values after the
addition of (glycerin to rizatriptan-loaded film
formulations (21).

It was observed that 2% HA created a controlled release
matrix due to its swelling property. Similarly,
Pornpitchanarong et al. (22) formulated that clotrimazole
loaded hyaluronic  acid-catechol/polyvinyl alcohol
mucoadhesive films and found the complete release was
obtained at 6 h. Sonvico et al. (23) prepared cisplatin-
loaded sodium hyaluronate films and observed more than
90% of the drug release in three hours. Following the
mechanical properties, the addition of glycerin to the film
formulation weakened the structural integrity. The
addition of glycerin to the F7 formulation fastened the
drug release from film formulation.

In this study, BNZ containing HA film formulations were
formulated and produced successfully. HA at 2 %
concentration provided stronger mechanical and higher
mucoadhesion properties compared to 0.5 and 1 %
concentrations. F9 formulation (2 % HA and 2 % Gly)
released 80 % of BNZ in 60 min, which was successful
for the buccal route. BNZ containing HA film
formulations could be an alternative therapy for oral ulcer
patients.
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AK. S.T.; Analysis and/or Interpretation: A.K,;
Literature Review: A.K., S.T.; Writing the Article: A.K,,
S.T.; Critical Review: S.T.
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