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a b s t r a c t

In the process of implementation and innovation of paediatric dosage forms, buccal films for transmu-
cosal administration of drug represent one of the most interesting approach. In fact, films are able to pro-
vide an extended duration of activity allowing minimal dosage and frequency and offer an exact and
flexible dose, associated with ease of handling. The objective of the present study was to develop poly-
meric films for the sustained release of ondansetron hydrochloride, a selective inhibitor of 5-HT3 recep-
tors indicated in paediatrics for the prevention and treatment of nausea and vomiting caused by cytotoxic
chemotherapy or radiotherapy and postoperatively. Films were prepared by casting and drying of aque-
ous solutions containing different weight ratios of hydroxypropylmethylcellulose (HPMC) with chitosan
(CH) or sodium hyaluronate (HA) or gelatin (GEL) and characterized for their physico-chemical and func-
tional properties. The presence of HA, GEL and CH did not improve the mucoadhesive properties of HPMC
film. The inclusion of GEL and CH in HPMC film increased in vitro drug release with respect to the inclu-
sion of HA, although films containing HA showed the highest water uptake. Moreover in agreement with
the release behaviour, the inclusion of CH and GEL provided higher drug permeation through porcine
buccal mucosa with respect to HPMC film and ensured linear permeation profiles of drug.

� 2016 Elsevier B.V. All rights reserved.
1. Introduction

The extensive changes into the regulatory environment for pae-
diatric medicines, designed to better protect the health of children,
have stimulated the research into child-appropriate dosage forms.
These dosage forms should satisfy important requisites: easy
administration, possibility of weight-based dosing and dose titra-
tion, acceptability and palatability, and finally minimum dosing
frequency. Moreover, excipients should be safe in the target age
group [1–4].
One approach in the process of implementation and innovation
of paediatric dosage forms for young children is represented by the
use of buccal films for transmucosal administration of drug [5].
Buccal films are relatively new dosage form intended to deliver
drug substances through the oral mucosa directly onto the sys-
temic circulation, avoiding the hepatic first pass metabolism and
similarly, the drug degradation along the gastrointestinal tract,
thus allowing the reduction of the dose necessary to achieve the
therapeutic action. Compared to conventional buccal tablet formu-
lation, they are thin, flexible and better adaptable to the mucosal
surface, and therefore more acceptable to younger patients. More-
over, buccal films are safe and convenient unit dosage systems
since they can be easily applied or removed from the application
site, even during a state of patient unconsciousness or when swal-
lowing is impaired [6–8].

From the technological point of view, buccal films are matrices
fabricated using mucoadhesive and film forming polymers and
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loaded with the active ingredient(s). The use of mucoadhesive
polymers is essential to maintain an intimate and prolonged con-
tact of the formulation with the oral mucosa allowing a longer
duration of absorption [9]. Polymers that are commonly used in
the development of buccal films include cellulose derivatives, chi-
tosan, gelatin, hyaluronic acid, carrageenan, pectin, sodium algi-
nate and acrylic polymers [10].

Effective design of such delivery system, requires careful con-
sideration of other relevant parameters, including the choice of
the active substance [11,12]. These involve good lipophilicity and
water solubility at physiological pH, as well as high potency.
Ondansetron (ODS), a selective inhibitor of serotonin (5-
hydroxytryptamine) subtype 3 (5-HT3) receptors indicated in pae-
diatrics for the prevention and treatment of nausea and vomiting
caused by cytotoxic chemotherapy or radiotherapy and postopera-
tively, represents a suitable candidate for buccal delivery (octanol/
water log P at pH 7.4: 2.4, water solubility at pH 7.4: 2.42 mg/mL,
small molecular size) [7,8,13]. ODS is commercially available as
injection, oral liquid and solid oral dosage form. All these formula-
tions are indicated for administration in multiple daily dosing,
potentially for a series of days (recommended oral maintenance
dose for children of 4–11 years: 4 mg every 4–8 h). This is due to
the pharmacokinetic profile of ondansetron, which has a half-life
of approximately 3–6 h and a time to peak plasma levels of approx-
imately 2 h. This profile is often associated with alternating periods
of increased side effects and lacking efficacy and therefore, there is
a need to develop sustained release formulations able to maintain
a constant drug concentration for a specific period of time with
minimum side effects [14–17].

The objective of this study was to: (1) implement paediatric
dosage forms for young children with buccal films intended for
ODS systemic absorption through the buccal mucosa over a pro-
longed period of time; (2) prepare mucoadhesive films based on
non-toxic, biocompatible and hydrophilic polymers as hydrox-
ypropylmethylcellulose (HPMC), chitosan (CH), sodium hyaluro-
nate (HA) and gelatin (GEL), and by using an easy and economic
method as solvent casting method; (3) investigate the influence
of preparative parameters on the physico-chemical properties of
drug; and (4) study the influence of polymeric composition (differ-
ent polymer blends and different weight ratio) on the drug loading,
mucoadhesion potential, water uptake properties, and drug release
and permeation ability.
2. Materials and methods

2.1. Materials

Hydroxypropylmethylcellulose (MW 250 kDa, methoxyl con-
tent 19–24%, hydroxypropyl content 7–12%) was purchased from
Eigenmann & Veronelli (Milan, Italy); chitosan (MW 150 kDa,
deacetylation degree 97%) was commercially obtained from Fluka
(Milan, Italy); sodium hyaluronate (MW 1800–2300 kDa, D-
glucuronic acid > 42%) was provided by ACEF (Piacenza, Italy); type
B Gelatin from bovine skin (MW 50 kDa, 100–115 mmol of free
carboxyl groups per 100 g of protein, isoelectric point in the range
of pH = 4.7–5.2) and ondansetron hydrochloride dihydrate (MW
365.85 g/mol) were commercially obtained from Sigma-Aldrich
(Milan, Italy). All other chemicals and solvents were of analytical
grade and supplied by Carlo Erba (Milan, Italy). Release and perme-
ation studies were conducted in NaCl solution (0.9% w/v); mucoad-
hesion studies were carried out in aqueous buffer with the
following composition: 33.9 mM KH2PO4, 46.8 mM Na2HPO4 -
� 12H2O adjusted with hydrochloric acid to pH = 6.8 [18] (healthy
saliva pH = 6.7–7.4 [19]); buccal tissue was stored after excision in
Krebs Ringer bicarbonate buffer with the following composition:
115.5 mM NaCl, 4.2 mM KCl, 2.5 mM CaCl2, 1.6 mM NaH2PO4,
0.8 mM MgSO4, 4.0 mM HEPES, 17.3 mM Na2CO3, and 12.2 mM
glucose [20].

2.2. Preparation of buccal films

Buccal films were prepared by casting-solvent evaporation
method. An aqueous solution of GEL, an aqueous solution of HA
and an acid solution (acetic acid 1% v/v) of CH were separately
added to an aqueous solution of HPMC at different weight ratios
(10:0, 9:1, 7:3, 5:5, 0:10 HPMC:GEL or HPMC:HA or HPMC:CH),
in order to obtain 1% w/w polymeric mixtures. All mixtures were
stirred at room temperature for 2 h and allowed to stand overnight
to eliminate the air bubbles. 15 g of each polymeric solution was
spread on a Petri dish (diameter = 5 cm) and oven-dried at 50 �C
for 6 h (heating oven FD series; Binder, Tuttlingen, Germany).
Loaded films were prepared by the same procedure, adding to each
mixture 17.45 mg of ODS. Circles of 1.3 cm in diameter (surface
area = 1.33 cm2) were cut to obtain a child-appropriate dosage
form and were used for the studies described below. Each circle
contains theoretically 1.18 mg of drug.

Different films were named in this work as follows: HPMC:CH
10:0, HPMC:HA 10:0, HPMC:GEL 10:0, films based on HPMC (they
are also reported as HPMC:CH(GEL,HA) 10:0); HPMC:CH 0:10,
HPMC:HA 0:10, HPMC:GEL 0:10, films based on CH, HA and GEL,
respectively; HPMC:CH (or HPMC:HA or HPMC:GEL) 9:1 (or 7:3
or 5:5), films based on HPMC mixtures with CH or HA or GEL at dif-
ferent weight ratios.

2.3. Solution viscosity

The viscosity of the polymeric solutions used for the prepara-
tion of loaded and unloaded buccal films was measured at room
temperature with an Ubbelohde capillary viscometer equipped
with an electronic time-measuring unit ViscoClock (capillary tubes
I and II; Schott, Mainz, Germany) for CH and GEL solutions (1% w/
w) and with a rotational viscometer (spindle TR8-TR9, RPM 60-
200; Visco Star, Fungilab S.A., Barcelona, Spain) for all the others.

2.4. Characterization of buccal films

2.4.1. Scanning electron microscopy (SEM)
SEM analysis was performed to evaluate the morphologic char-

acteristics. Films were cut with a razor blade, fixed on supports and
coated with gold–palladium under an argon atmosphere using a
gold sputter module in a high-vacuum evaporator. Samples were
then observed with LEO 420 (LEO Electron Microscopy Ltd., Cam-
bridge, UK) using secondary electron imaging at 15 kV in order to
examine their surface morphology and their internal structure.

2.4.2. Thickness and drug content
Each film obtained from a Petri dish (diameter = 5 cm) was

accepted as a single batch in these studies and for each formulation
three batches were prepared. Thickness of loaded film was mea-
sured as mean of three batches. The thickness of films was deter-
mined by means of a Mitutoyo pocket thickness gauge (Mitutoyo
Mfc. Co. Ltd., Tokyo, Japan). Drug content was assessed by dissolv-
ing one circle (diameter = 1.3 cm) from each batch in 20 ml of 0.9%
(w/v) NaCl solution. The system was stirred for 2 h until complete
release and the amount of drug in solution was evaluated. The
results were expressed as milligrams of drug for square centimetre
(mg/cm2).

In these tests as well as in subsequent experiments the ODS
concentration was determined by HPLC equipped with a UV
detector. The HPLC system consisted of Shimadzu (Milan, Italy)
LC-10ATVP chromatographic pump and a Shimadzu SPD-10AVP
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UV–vis detector set at 310 nm. Separation was obtained at room
temperature on a Phenomenex (Torrance, CA, USA) Sinergy
Fusion-RP 80A (150 mm � 4.6 mm I.D., 5 lm) coupled with a Phe-
nomenex SecurityGuard C18 guard cartridge (4 mm � 3.0 mm I.D.,
5 lm). The mobile phase was prepared by mixing acetonitrile (33%
v/v) and 20 mM sodium hydrogen phosphate buffer pH = 4.0 (67%
v/v). The flow rate was 0.4 mL/min and manual injections were
made using a Rheodyne 7125 injector with a 20 lL sample loop.
Data processing was handled by means of a CromatoPlus comput-
erised integration system (Shimadzu Italia, Milan, Italy). The cali-
bration curve of concentration versus peak area was plotted at
concentration range of 0.24–24 lg/mL; good linearity was found
(r2 = 0.9997).

2.4.3. Surface pH
The surface pH of loaded buccal films was determined in order

to evaluate their compatibility with the pH of buccal mucosa. The
films were left to swell on a sponge soaked with phosphate buffer
(pH = 6.8) and the pH was measured after 3 h by placing universal
pH paper (pH scale from 6.0 to 8.1; Carlo Erba, Milan, Italy) on the
film surface.

2.4.4. Physicochemical properties
Differential scanning calorimetry (DSC) and X-ray Powder

Diffraction (XRPD) experiments were performed on loaded poly-
meric films to identify the solid-state properties of the drug in
the formulation and possible phase transitions during the film
preparation process.

The DSC analysis was performed using a Perkin-Elmer DSC 6
(Waltham, USA). The experiments were conducted in non-
hermetically sealed aluminum pans using nitrogen as purge gas
at a flow rate of 20 ml/min. Samples of 8.0 ± 1.0 mg were heated
from 30 to 220 �C at the heating rate of 10 �C/min.

The XRPD analysis was performed using a Panalytical X’Pert
PRO Diffractometer (Almelo, the Netherlands). The voltage and
current were 40 kV and 40 mA, respectively and the measurements
were carried out in the angular scan rage from 3� to 40� (2h).

2.5. In vitro water-uptake studies

Water uptake studies were performed to investigate the hydra-
tion ability of films. A sponge (5 cm � 5 cm � 2 cm) fully soaked in
the hydration medium (0.9% NaCl solution) was placed in a glass
container filled with the same solution to a height of 0.5 cm [21].
Filter paper was also soaked in the hydration medium and posi-
tioned on the top of the sponge. The experimental set-up was equi-
librated for 30 min. Accurately weighted films (unloaded samples)
were then placed on the filter paper and the water-uptake ability
was determined as weight increase of the film after 3 h, according
to the following equation: % Water Uptake (WU) = (W2 �W1) �
100/W1, where W1 was the initial weight of dried film and W2 is
the weight of hydrated film.

2.6. In vitro residence time

Mucoadhesion properties of unloaded buccal films were deter-
mined in terms of residence time of films on a freshly excised
mucosa. The porcine buccal tissue was obtained from a local
slaughterhouse and used due to its similarity to the human buccal
tissue. After removal, it was immediately transferred into cold
Krebs Ringer bicarbonate buffer, placed in sealed ice box filled with
dry ice, immediately transported to the laboratory and used within
2 h [20,22]. The buccal mucosa was separated from the connective
tissue using a sharp scalpel and then it was cut to an appropriate
size (surface area = 1.54 cm2), wetted with few drops of aqueous
mucin solution (0.05% w/v) and fixed on a microscope slide with
cyanoacrylate adhesive. The films were attached to the porcine
buccal mucosa by applying a light pressure for 2 min. The micro-
scope slide was then placed in a beaker filled with 40 ml of phos-
phate buffer pH = 6.8 and slowly stirred using a magnetic bar. The
time taken by the films to completely detach from the mucosa was
considered as the residence time [23].
2.7. In vitro release studies

In vitro release studies were performed in order to evaluate the
drug amount released from films over the time and use these data
to better understand the permeation results. Loaded films were
attached on the internal side of a beaker containing 40 ml of 0.9%
(w/v) NaCl solution. The medium was stirred at 50 rpm using a
magnetic bar and maintained at 37 �C by immersion of the beaker
in a thermostated water bath. Samples of 500 ll were withdrawn
at predetermined time intervals and replaced by fresh medium.
The experiments were conducted for 5 h and all samples were ana-
lyzed by HPLC analysis. The results of the release experiments are
shown as cumulative drug amount released (expressed as frac-
tional amount) plotted as a function of time.
2.8. In vitro permeation studies

In vitro permeation studies were performed in order to evaluate
transmucosal absorption of drug from buccal films. These studies
were made through a porcine buccal mucosa using Franz-type sta-
tic glass diffusion cells (15 mm jacketed cell with a flat ground
joint and clear glass with a 12 mL receptor volume, diffusion sur-
face area: 1.77 cm2) and equipped with a VSA stirrer (PermeGear
Inc., Hellertown, Pennsylvania, USA). Buccal mucosa was obtained
as previously described and mounted between the donor and the
receiver compartments of cells. Loaded films were placed on the
top of the porcine mucosa, while the receptor compartment was
filled with 12 ml of 0.9% (w/v) NaCl solution maintained at 37 �C
by means of a surrounding jacket and continuously stirred. Sam-
ples of 100 ll were withdrawn from the receptor compartment
at predetermined time intervals and replaced by fresh medium.
Sink conditions were maintained at any time. The experiment
was conducted for 6 h and all samples were analyzed by HPLC
analysis. An aqueous solution (500 lL) of ondansetron hydrochlo-
ride (2.36 mg/mL) was also prepared and its permeation ability
was analyzed at the same conditions of films. The results of perme-
ation studies are shown as cumulative drug amount permeated
(expressed as fractional amount) versus time.
2.9. Statistical analysis

All experiments were done in triplicate, while transport exper-
iments were done with five replicas. Results are expressed as
mean ± SD. ANOVA and t-test were used to determine statistical
significance of studies. The criterion for statistical significance
was p < 0.05.
3. Results and discussion

The development of a suitable dosage form for paediatric
patients still remains a challenge. An ideal paediatric formulation
must allow accurate dose administration and be in a dosage form
that can be safely handled by the target age group. Polymeric buc-
cal films offer an exact and flexible dose and ease of handling; they
also allow the direct access of the active into the systemic circula-
tion avoiding the first-pass metabolism and thus reducing the dose
needed.
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3.1. Solution viscosity

Casting-solvent evaporation method was employed to prepare
buccal films, using non-toxic and non-irritant polymers, such as
HPMC, CH, HA and GEL, thus suitable for the administration in chil-
dren. This method is based on the dissolution of the polymers in
appropriate solvents (distilled water or acetic acid 1% v/v), and
on the subsequent mixture of polymer solutions in order to obtain
the desired polymer weight ratio. All the final solutions had the
same total polymeric concentration (1% w/w), but they showed dif-
ferent viscosities. As reported in Fig. 1, unloaded polymer solutions
had viscosities of 250 ± 18, 38.77 ± 1.60, 1150 ± 101 and
3.20 ± 0.08 mPa � sec for HPMC, CH, HA and GEL, respectively. Fur-
thermore, as regards the mixtures, the addition of increasing
amount of HA to the HPMC solution, proportionally increased the
solution viscosity, while increasing amount of CH and GEL
decreased the viscosity of the HPMC solution. This behaviour is
chiefly related to the different molecular weight of the polymers
used for the preparation of the films. In fact, HA shows the highest
molecular weight with respect to HPMC, CH and GEL. The presence
of the drug into the polymeric solutions did not affect their viscos-
ity (Fig. 1).

3.2. Characterization of buccal films

SEM analysis (Fig. 2) showed that HPMC:CH 5:5 and HPMC:GEL
5:5 exhibited a dense and compact cross-section, while HPMC:HA
5:5 had a heterogeneous structure characterized by flakes.

The thickness of the films ranged from 44 ± 6 lm for HMPC:HA
0:10 to 107 ± 6 lm for HPMC:CH(GEL,HA) 10:0 (Table 1). The low
standard deviations suggested that the preparative method pro-
vided no significant difference in terms of thickness between dif-
ferent batches. In addition, the measurement of ondansetron
hydrochloride content in the dosage form showed that the exper-
imental drug content was very close to the theoretical one
(0.9 mg/cm2) for each formulation (Table 1), indicating that
casting-solvent evaporation method is a suitable technique to pro-
duce polymeric buccal films containing ondansetron.

The film surface pH was measured to avoid damages of the buc-
cal mucosa leading to patient discomfort [19]. The pH of all pre-
pared films was found near the neutral pH indicating its
compatibility with buccal pH, causing no irritation to the mucosa
and achieving patient compliance.

3.3. Physicochemical properties

In order to evaluate possible phase transitions of the active dur-
ing the film formulation process, differential scanning calorimetry
and X-ray powder diffraction were used. This data is an important
Fig. 1. Viscosity of the solutions used for the preparation of loaded and unloaded
buccal films.
factor to consider because the amorphous form of the drug repre-
sents its most energetic solid state and thus it should produce big
advantages in terms of solubility and bioavailability.

The DSC profiles (Fig. 3a) showed a single endothermic peak at
187.54 �C, in agreement with the melting point of ondansetron
hydrochloride raw material and a large dehydration process
between 50 and 120 �C. The thermograms of all films presented a
large endothermic profile around 60–120 �C related to the dehy-
dration of polymers. Conversely, the melting peak of the active
was absent in the DSC profiles of all loaded films, except for
HPMC:CH 0:10 and HPMC:CH 5:5. This means that in almost all
the cases casting-solvent evaporation method induced the amor-
phization of the active, while in HPMC:CH 0:10 and HPMC:CH
5:5 part of it remained as crystalline material.

The same results were confirmed by the XRPD analysis (Fig. 3b).
The diffractograms of the loaded films did not report the character-
istic peaks of ondansetron hydrochloride rawmaterial (2h values of
8.26�, 13.28�, 16.84�, 20.20�, 23.96�, 24.36�, 25.72�, 27.88�, 30.84�)
[24], indicating an amorphous profile of all the films, except for
HPMC:CH 0:10 and HPMC:CH 5:5. In fact, these films exhibited
XRPD patterns characterized by a peak of low intensity at about
7� 2h, probably related to a crystalline form of the active.
3.4. In vitro water uptake studies

In vitro water uptake values after 80 min are reported in Table 1.
The presence of HA and CH in the polymeric mixtures increased
the water-uptake ability of HPMC:CH(GEL,HA) 10:0. In particular,
the increase of the hydration capacity was more evident for
HPMC:HA, with respect to HPMC:CH. When GEL was introduced
in the polymeric mixtures, instead, it did not affect the hydration
ability of HPMC:CH(GEL,HA) 10:0. This behaviour can be mostly
related to the different polymeric charge density. In fact, in our
operative conditions (0.9% w/v sodium chloride solution at
pH = 6.3) HPMC resulted completely neutral, HA (pKa = 2.9)
resulted negatively charged with all its carboxylic group deproto-
nated, CH (pKa = 6.3) showed positive charge with 50% of neutral
amine groups and 50% of protonated amine groups, while GEL
was slightly negatively charged. In particular, the highest charge
density allows the highest entrance of water in the system and
the highest hydration of the film, thus permitting the formation
of gels with different viscosities.
3.5. In vitro residence time

Once administered into the oral cavity, the films have to
hydrate, adhering to the buccal mucosa, and forming a gel in order
to allow drug delivery. In vitro residence time value is useful to
evaluate whether the drug delivery system remains at the site of
administration for a sufficient time to ensure drug permeation
for an extended period of time. It has been reported in the litera-
ture that the maximum duration for buccal drug delivery systems
is approximately 4–6 h, since meal intake and drinking may
require dosage form removal [25]. Moreover, mucoadhesive sys-
tems guarantee an intimate contact with the mucosa, which may
result in high drug concentration in a local area and hence high
flux.

A variety of factors affect the mucoadhesive properties of poly-
mers, such as molecular weight, chain flexibility, charge, hydrogen
bonding capacity, cross-linking density, and hydration ability [10].
As shown in Fig. 4, HPMC:CH(GEL,HA) 10:0 demonstrated the high-
est residence time (1320 min). HPMC is a long chained, non-ionic
polymer and its mucoadhesion ability is chiefly attributable to
the interpenetration and entanglement of polymer chains into
the mucus layer. Furthermore, it possesses a large number of



Fig. 2. Scanning electron micrographs of HPMC:CH(GEL,HA) 10:0, HPMC:CH 5:5, HPMC:HA 5:5 and HPMC:GEL 5:5 (scale bars: 10 lm for HPMC:CH(GEL,HA) 10:0, HPMC:HA
5:5, HPMC:GEL 5:5; 20 lm for HPMC:CH 5:5).

Table 1
Characterisation of buccal films: film thickness, drug content and water uptake.

Formulation Film thickness
(lm)

Drug content
(mg/cm2)

WU after 80 min
(%)

HMPC:CH(HA,GEL) 10:0 107 ± 6 1.03 ± 0.21 1246.46 ± 38.23
HMPC:CH 9:1 63 ± 6 1.05 ± 0.13 1862.66 ± 60.50
HMPC:CH 7:3 57 ± 6 1.02 ± 0.11 2000.02 ± 110.55
HMPC:CH 5:5 53 ± 12 1.05 ± 0.14 1934.25 ± 60.20
HMPC:CH 0:10 63 ± 1 1.15 ± 0.20 2767.78 ± 90.54
HMPC:HA 9:1 73 ± 12 0.98 ± 0.10 1713.68 ± 88.57
HMPC:HA 7:3 67 ± 6 0.91 ± 0.15 5001.29 ± 210.43
HMPC:HA 5:5 69 ± 6 0.95 ± 0.08 4933.55 ± 180.40
HMPC:HA 0:10 44 ± 6 0.82 ± 0.15 5208.63 ± 225.34
HMPC:GEL 9:1 93 ± 2 1.03 ± 0.01 1305.12 ± 42.20
HMPC:GEL 7:3 96 ± 3 0.87 ± 0.15 1249.03 ± 79.92
HMPC:GEL 5:5 101 ± 3 0.90 ± 0.01 1182.97 ± 67.91
HMPC:GEL 0:10 76 ± 2 0.98 ± 0.05 1371.65 ± 84.86
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hydrophilic groups that are able to form hydrogen bonds between
the hydrophilic groups of mucus [26].

In our studies HPMC:GEL 5:5 and HPMC:GEL 0:10 demon-
strated the lowest residence time. This behaviour could be related
to GEL molecular weight (50 kDa) since it has been reported that a
minimum polymer molecular weight of 100 kDa is required for
mucoadhesion [27]. The addition of CH and HA to HPMC:CH(GEL,
HA) 10:0 did not increase its mucoadhesion properties. Moreover,
the addition of CH produced a lower residence time than the addi-
tion of HA, although CH has positively charged amino groups that
can electrostatically interact with the negatively charged sialic acid
of mucin. This behaviour could be attributed to the higher hydra-
tion ability of HPMC:HA 5:5 with respect to HPMC:CH 5:5 at
pH = 6.3.
3.6. In vitro release studies

Drug release from a gelled matrix is a complex phenomenon of
water penetration, relaxation of the polymer chains, swelling and
spreading of the matrix, interactions between drug and polymeric
material, and drug dissolution and diffusion through the rehy-
drated matrix. The release of ODS from HPMC:CH, HPMC:GEL
and HPMC:HA films were investigated and Fig. 5 shows the release
profiles of HPMC:CH(GEL,HA) 10:0, HPMC:CH 5:5, HPMC:GEL 5:5
and HPMC:HA 5:5, as representative formulations of the three dif-
ferent series. All the formulations exhibited a prolonged release of
the drug. Moreover, HPMC:CH(GEL,HA) 10:0 and HPMC:CH 5:5
released the maximum amount of the drug within 45 min, while
HPMC:HA 5:5 and HPMC:GEL 5:5 showed the maximum release
of ODS after 120 min.

The inclusion of CH and GEL in the formulation allowed a higher
cumulative amounts of ODS released from the dosage form, rather
than the inclusion of HA. As described above, HPMC:HA 5:5
showed the highest molecular weight and the greatest hydration
ability due to the high charge density at pH = 6.3; this permitted
higher viscosity of the polymeric network in the gelled state, thus
limiting the drug diffusion. HPMC:CH 5:5 and HPMC:GEL 5:5, once
hydrated, created a less viscous gelled state, allowing a greater
release of ODS from the dosage form [28].

3.7. In vitro permeation studies

In vitro permeation studies were performed in order to estab-
lish the absorption of the drug across the buccal epithelium to
the systemic circulation. Even in this case HPMC:CH(GEL,HA)
10:0, HPMC:CH 5:5, HPMC:GEL 5:5 and HPMC:HA 5:5 were chosen
for the permeation studies as representative of the three different
series (Fig. 6). All the formulations demonstrated a sustained per-
meation of the drug within 6 h. In particular the presence of HA in
HPMC:HA 5:5 did not improve the permeation ability of HPMC:CH
(GEL,HA) 10:0, while both HPMC:CH 5:5 and HPMC:GEL 5:5 pro-
vided higher permeated drug amount at each time with respect
to HPMC:CH(GEL,HA) 10:0. This behaviour is in agreement with
the release profiles: the more the amount of drug released from
the dosage form, the more absorption inside the buccal mucosa.
Moreover, since chitosan is believed to interfere with lipid micelle



Fig. 3. Physicochemical characterization of buccal films: (a) DSC profiles of HPMC:CH (all the mixtures) and HPMC:HA(GEL) (all the most significant mixtures), with respect
to pure ODS; (b) XRPD patterns of HPMC:CH (all the mixtures) and HPMC:HA(GEL) (all the most significant mixtures), with respect to pure ODS.

Fig. 4. Residence time of buccal films on porcine buccal mucosa.

Fig. 5. In vitro release profile of ondansetron hydrochloride from HPMC:CH(GEL,
HA) 10:0, HPMC:CH 5:5, HPMC:GEL 5:5 and HPMC:HA 5:5.

Fig. 6. In vitro permeation profiles of ondansetron hydrochloride from drug
solution, HPMC:CH(GEL,HA) 10:0, HPMC:CH 5:5, HPMC:GEL 5:5 and HPMC:HA 5:5.
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organization in the intestine, S�enel et al. [29] explained that a pos-
sible mechanism of action of chitosan in improving the transport of
drug across the buccal mucosa is the ability of interfering with the
lipid organization in the buccal epithelium.

As concern the practical use of these formulations, the recom-
mended oral maintenance dose for children of 4–11 years is 4 mg
every 4–8 h. This dosage can be achieved by use of film with a sur-
face area of 7.7 cm2, 9.9 cm2, 1.9 cm2 and 2.1 cm2 for HPMC:CH
(GEL,HA) 10:0, HPMC:HA 5:5, HPMC:GEL 5:5 and HPMC:CH 5:5,
respectively. The surface area of the film was calculated
according to the following equation: Css = J�A/Cl, where Css is
the concentration at the steady state (39.5 ng/ml) [30], Cl is
the ondansetron clearance (0.39 L/h/kg) [31] and J is the
permeation flux of film (JHPMC:CH(GEL,HA) 10:0 = 23.9 ± 3.3 lg/cm2 h,
JHPMC:HA 5:5 = 18.7 ± 2.5 lg/cm2 h, JHPMC:GEL 5:5 = 99.6 ± 18.1 lg/
cm2 h, JHPMC:CH 5:5 = 87.6 ± 14.4 lg/cm2 h). Whereas buccal
adhesive drug delivery systems with a size of 1–3 cm2 are
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preferable [32], the most promising candidates for therapeutical
use are represented by HPMC:GEL 5:5 and HPMC:CH 5:5.

4. Conclusions

With polymeric buccal films, a novel solid oral dosage form was
developed, fulfilling all current demands for child-appropriate
dosage forms. HPMC mixtures with HA, GEL and CH can be used
as materials to develop sustained release films able to allow min-
imal dosage and frequency, and characterized by minimal impact
on lifestyle, and easy and reliable administration. The selection of
suitable polymeric mixture and appropriate weight ratio allowed
the modulation of the residence time of the dosage form on the
application site, the release of the drug and its permeation through
the buccal mucosa.

Further studies are in progress to optimize ODS release from
buccal films and to improve organoleptic characteristics of the
dosage form. In particular, we are applying a second film layer onto
a first one to achieve unidirectional release towards the oral
mucosa, avoiding drug release in the oral cavity and covering the
ODS bitter taste.
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