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ABSTRACT. Fluticasone propionate is a synthetic corticosteroid drug distinguished by its potent anti-
inflammatory action with low systemic side effects in comparison to other corticosteroids making it a
potential drug for local buccal delivery. The aim of the present study was to design mucoadhesive buccal
film containing fluticasone that is aesthetically acceptable and could maintain local drug release for a
sustained period to manage the sign and symptoms of severe erosive mouth lesions. Solvent casting
technique was used in film preparation. Different polymeric blends were used either alone or in combi-
nation with mucoadhesive polymers, sodium carboxymethyl cellulose (SCMC), or Carbopol 971P at
different concentrations. The physicochemical properties, in vitro mucoadhesion time as well as the drug
release properties for all prepared formulations were determined. Selected formulations with adequate
properties were further examined by differential scanning calorimetry (DSC) and X-ray diffraction
(XRD) and subjected to in vivo evaluation. Films containing hydroxypropyl methylcellulose (HPMC)/
ethyl cellulose (EC) showed acceptable physicochemical properties, homogenous drug distribution,
convenient mucoadhesion time, moderate swelling as well as sustained drug release up to 12 h. The
biological performance of these formulations was assessed on healthy human volunteers and compared
with a prepared mouthwash which showed enhanced pharmacokinetic parameters for the selected films in
comparison to the mouthwash. The results revealed that the optimized formulation containing HPMC/EC
and 10% SCMC could successfully achieve sustained drug release for 10 h which is considered promising
for local treatment of severe mouth lesions.

KEY WORDS: anti-inflammatory; buccal films; corticosteroids; fluticasone propionate; mouth lesions;
mucoadhesive.

INTRODUCTION

For several years, the buccal route has served effectively
in delivering many drugs that are susceptible to first-pass
effect (1). It has many advantages such as ease of use, excel-
lent accessibility, avoiding first-pass metabolism as well as
enhancing patient compliance. In addition, it has been greatly
used for local delivery of many drugs used in oral pathology.
Consequently, the oral mucosa is characterized by attractive
properties required for local and systemic drug delivery (2).

However, the low retention capability of dosage forms at
the absorption site is considered one of the main disadvantages
for the use of buccal route in drug delivery. The use of adhesive
dosage forms has greatly improved drug delivery through the
buccal cavity. The mucoadhesive drug delivery systems contain

adhesive polymers which localize the dosage form on the buccal
mucosa surface through the formation of secondary bonding (3).

One of the most used drugs in oral pathology is topical
corticosteroids (TCs). They are commonly used for treating
erosive lesions that affect the mucosa due to their potent anti-
inflammatory action (4). The contact time between the drug and
the lesion is one of the main factors that plays crucial role in the
success of the treatment with TCs. Consequently, mucoadhesive
drug delivery systems such as adhesive films, tablets, and gels
are considered effective in the treatment of oral diseases (5).

Generally, adhesive films have advantages over other
mucoadhesive dosage forms as they are characterized by high
flexibility and small size which enhance patient’s comfort.
Moreover, buccal films are specifically preferred in the case
of local delivery for oral diseases as they offer the advantage
of formation of a thin layer on the mouth lesion, thus
protecting the wound surface and reducing the pain (6–8).

Fluticasone propionate (FP) is considered a potent corti-
costeroid drug that is used as anti-inflammatory in many dis-
eases. Its optimized potency as well as topical activity along
with low oral systemic potency and low mineralocorticoid
activity, in comparison to other corticosteroids, make it a good
candidate for treatment of diseases affecting the buccal muco-
sa such as severe erosive lesions affecting the oral mucosa (9).
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A study was carried out in order to examine the efficacy of
topical FP spray and betamethasone sodium phosphate mouth
rinse (BSP) in the treatment of mouth lesions. The study has
revealed that both FP and BSP could effectively treat mouth
lesions where a significant reduction in the surface area of
lesions was observed.However, FP effectiveness was significant-
ly higher than BSP (p<0.05) (10). Although the results of this
study were promising, however, no further studies were carried
out in order to formulate fluticasone propionate in a suitable
dosage form for the treatment of oral diseases.

The aim of the current study was to formulate
mucoadhesive films containing low doses of fluticasone propio-
nate, using different polymeric blends, for local treatment of
severe erosivemouth lesions. This will ensure a satisfactory drug
level in themouth for prolonged duration of time. Incorporation
of low drug dose will reduce possible side effects such as candi-
diasis. In addition, the local delivery of the drug will avoid side
effects or drug interaction encountered during systemic therapy
with corticosteroids. The formulation of elastic and smooth film
requires the selection of suitable solvent and specific sequence
for the addition of polymers and the poorly water-soluble drug
which was investigated as a preliminary step in our study. The
physicochemical and release properties of the prepared formu-
lations were evaluated both in vitro and in vivo.

MATERIALS AND METHODS

Materials

Fluticasone propionate was kindly supplied by
GlaxoSmithKline, Egypt. Hydroxypropyl methylcellulose
(Methocel® E4M premium; molecular weight (Mwt)
50,000 Da) and ethyl cellulose (Ethocel ® std 10 premium;
ethoxy content 49.5%) were obtained from Colorcon, Italy.
Polyvinylpyrrolidone (Mwt 13,000–23,000 Da) was obtained
from Sigma-Aldrich, USA. Sodium alginate from brown algae
(SALG) was purchased from Fluka, BioChemika, Switzerland.
Chitosan HCl was obtained from Zhejiang Chemicals Import
and Export Cooperation, China. Sodium carboxymethyl cellu-
lose with high viscosity was supplied by Oxford Laboratory
Reagents, India. Carbopol 971P NF (prop-2-enoic acid) were a
gift from Lubrizol Advanced Materials, Italy. Propylene glycol
was obtained from BDHChemicals Ltd, England. Polyethylene
glycol (Carbowax™ sentry TM 8000 powder NF; Mwt 7000–
9000) was kindly supplied by Dow Chemical Company, India.
Eudragit NE 30D (polyacrylate) and Eudragit RS 100
(ammonio methacrylate copolymer) were obtained from Rohm
Pharma GmbH, Germany. Sodium hydroxide, ethanol 95%,
methanol high performance liquid chromatography (HPLC)
grade, and acetonitrile HPLC grade were purchased from El
Nasr Pharmaceutical Chemical Company, Egypt. Potassium
dihydrogen phosphate (KH2PO4) was obtained from ADWIC,
Cairo, Egypt. Diflucortolone valerate (HPLC internal standard)
was kindly supplied by Bayer Schering Pharma, Germany.

Methods

Preparation of Fluticasone Propionate Mucoadhesive Films

Fluticasone propionate mucoadhesive films were pre-
pared using either a single polymer or different polymeric

blends adopting solvent casting technique. However, initial
screening with formulations containing single polymers
showed unsatisfactory results. Consequently, single polymer
formulations were excluded from our study. The binary mix-
ture polymeric films (F1–F14) contained 2% drug, 49% plas-
ticizer, and 49% film forming polymer. The amount of the film
forming polymers was divided into (hydroxypropyl methylcel-
lulose (HPMC)), ethyl cellulose (EC), or chitosan HCl, with
or without the addition of mucoadhesive polymer (sodium
carboxymethyl cellulose or Carbopol). The total amount of
the preparation was 0.5 g (w/w).

Propylene glycol (PG) was successfully used as a plasti-
cizer in the investigated polymeric films except for chitosan
HCl films, where polyethylene glycol (PEG) 8000 was incor-
porated as a plasticizer instead of PG due to incompatibility
that occurred between the latter and chitosan HCl.

Table I shows the composition of the prepared
mucoadhesive films containing binary polymeric blends.

Preparat ion of HPMC/EC Film With or Without
Mucoadhesive Polymer

The polymeric solution blend was prepared as follows: EC
was accurately weighed and dissolved in 10 ml ethanol, and
HPMC was then added to the alcoholic solution. The polymeric
solution was stirred for 30 min using magnetic stirrer and then
sonicated to obtain a clear solution. PG was added to the poly-
meric solution slowly. Ten milligrams of the drug were dispersed
in 5 ml ethanol and then sonicated for 10 min. Finally, the drug
solution was added to the polymeric solution under continuous
stirring. The film (F1) was prepared using solvent casting meth-
od, where the film forming solution was poured slowly into

Table I. Compositions of Fluticasone Propionate Polymeric Films

Formula
codea

Formula composition (w/w%)

2% drug and 49% plasticizer
with 49% polymers divided
into

HPMC EC Chitosan
HCl

SCMC Carbopol

F1 75 25 – – –
F2 70 25 – 5 –
F3 65 25 – 10 –
F4 55 25 – 20 –
F5 70 25 – – 5
F6 65 25 – – 10
F7 55 25 – – 20
F8 75 – 25 – –
F9 70 – 25 5 –
F10 65 – 25 10 –
F11 55 – 25 20 –
F12 70 – 25 – 5
F13 65 – 25 – 10
F14 55 – 25 – 20

HPMC hydroxypropyl methylcellulose, PVP polyvinyl pyrrolidone,
SALG sodium alginate, EC ethyl cellulose, SCMC sodium
carboxymethyl cellulose
aTotal film composition weight is 0.5 g
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plastic petri dish of 5 cm diameter. The casting solution was then
dried at approximately 40°C for 24 h. The dried film was cut into
circles of diameter 0.5 cm, packed in aluminum foil, and stored
in glass containers at room temperature.

For the preparation of HPMC/EC medicated film con-
taining mucoadhesive polymer, same previously mentioned
steps were carried out to prepare polymeric solution contain-
ing the dissolved drug. After that, this solution was left to be
evaporated at room temperature in order to obtain a solid
dispersion. The calculated amount of sodium carboxymethyl
cellulose or Carbopol (5%, 10% and 20%) was dissolved in
15 ml distilled water under continuous stirring, then it was
mixed with the solid dispersion of the polymers and the drug.
The polymeric dispersion was stirred continuously until a
uniform preparation was obtained and was left overnight in
the refrigerator to remove any entrapped air bubbles. The
films (F2–F7) were prepared by solvent casting method as
previously described.

Preparation of HPMC/Chitosan HCl Films With or Without
Mucoadhesive Polymer

The polymeric solution was prepared by dissolving spec-
ified amount of HPMC in 15 ml distilled water. Then, the
polymeric solution was left to swell at room temperature.
Chitosan HCl was added to the polymeric solution under
continuous stirring. Specified concentration of PEG 8000
was first dissolved in 2 ml ethanol, and then it was added to
the polymeric solution. Ten milligrams of the drug was dis-
persed in 5 ml ethanol and then sonicated for 10 min. Finally,
the drug solution was added to the polymeric solution under
continuous stirring. The film (F8) was then prepared by sol-
vent casting method as mentioned previously.

HPMC/chitosan medicated polymeric film containing
mucoadhesive polymer was prepared as follows: calculated
amount of sodium carboxymethyl cellulose or Carbopol
(5%, 10%, and 20%) was dispersed in the least amount of
distilled water, sonicated, and then added to a polymeric
solution containing HPMC and chitosan HCl. Ten milligrams
of the drug was dispersed in 5 ml ethanol and then sonicated
for 10 min. Specified concentration of PEG 8000 was first
dissolved in ethanol and then was added to the drug solution.
Finally, the drug solution was added to the polymeric solution
under continuous stirring. The polymeric solution was stirred
continuously until a uniform preparation was obtained and
was left overnight to remove any entrapped air bubbles. The
films (F9–F14) were prepared by the solvent casting method.

Physicochemical Evaluation of the Prepared Polymeric Films

Film Thickness

The thickness of the prepared films was measured using a
micrometer (KM-211-101, Shaanxi, China). The thickness of
each film at different three locations was measured, and the
average thickness was determined (11).

Determination of Drug Content Uniformity

Spectrophotometric method was used to assess the uni-
formity of drug distribution through measuring drug content

at different parts of the same film. Three circular cuts of each
film (0.5 cm in diameter) were weighed individually, dissolved
in 10 ml ethanol, and the solution was then filtered through
0.45 μm Millipore® filter to remove the non-dissolved poly-
mers and the concentration of fluticasone propionate was
measured spectrophotometrically at 237.5 nm (λmax of the
drug in ethanol). Each preparation was tested in triplicates
(12), and the percentage drug content was calculated from the
following equation :

% Drug content ¼ Actual amount
Theoretical amount

� 100 ð1Þ

Determination of Weight Uniformity

Three circular cuts of each film (0.5 cm diameter) were
weighed individually. The average film weight values were
determined (13).

Determination of Surface pH

The surface pH values of the films were measured in
order to examine any possible side effects that could arise
due to altered in vivo pH. The film was moistened with 5 ml
of distilled water and then left to swell in a petri dish for 1 h.
The surface pH value was determined using pH meter
(Jenway pH/mV/Temperature Meter, model 3510, UK). The
average of three measurements for each formulation was
recorded (14).

Folding Endurance

The folding endurance is a measure of the film integrity
and strength. The film was manually folded repeatedly at the
same point until it broke or folded up to 300 times which is
considered satisfactory to reveal good film properties (15).

Determination of the Swelling Index

The film (surface area, 1.75 cm2) was weighed and placed
in a pre-weighed stainless steel wire sieve. The mesh contain-
ing the film sample was then placed in a petri dish containing
5 ml phosphate buffer pH 6.8 (16). At definite time intervals,
the mesh was removed; absorbent tissue was used to remove
excess water then the film was reweighed. Changes in film
weight were determined at different time intervals. The de-
gree of swelling was calculated using the formula (17):

S:I:% ¼ W2−W1
W1

� 100 ð2Þ

where S.I. is the swelling index,W2 is the weight of film at
time t after swelling, and W1 is the weight of the dry polymer
film at zero time.

In Vitro Drug Release Studies

The release of fluticasone propionate from the prepared
films was examined in phosphate buffer pH 6.8 at 37 ± 0.5°C
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(18). Each mucoadhesive film was adhered by cyanoacrylate
glue to the beaker side wall (25 ml beaker) (19). Each covered
vessel containing 10 ml phosphate buffer pH 6.8 was placed in
a shaking incubator rotating at a rate of approximately 150
strokes per minute. After specific time intervals, 5 ml sample
was withdrawn, filtered through Millipore® filter of 0.45 μm
pore size, and assayed spectrophotometrically at λmax of
235 nm. To maintain the buffer volume in the vessel constant,
each sample withdrawn from the release medium was com-
pensated with similar volume of phosphate buffer pH 6.8. The
absorbance of the polymeric additives was negligible and did
not interfere with λmax of the drug. Calculations were done on
the basis of the calibration curve of the drug in phosphate
buffer previously constructed. Drug release studies were done
in triplicates. The cumulative percentage of drug released was
plotted against time. The mechanism of the drug release from
different mucoadhesive systems was determined by fitting the
release data to different kinetic models.

In Vitro Mucoadhesion Residence Time

Fluticasone propionate mucoadhesive films with opti-
mum release profile were selected for studying their in vitro
mucoadhesion time. It was evaluated by recording the time
required for these films to detach from a chicken pouch mem-
brane in a well-stirred beaker filled with 500 ml phosphate
buffer pH 6.8 at 37°C. Cyanoacrylate glue was used to attach
the chicken pouch membranes to the side wall of the beaker.
A light force was applied to fix the film on the membrane. The
beaker was placed on a magnetic stirrer at an approximate
rate of 150 rpm to simulate buccal movement (20).

Differential Scanning Calorimetry (DSC) Studies

Selected films with moderate swelling index, accepted
drug release profile, and in vitro mucoadhesion time were
evaluated by DSC thermogram analysis (DSC-50, Shimadzu,
Kyoto, Japan) to determine the drug physical state in the
prepared films as well as the physical mixtures. DSC studies
were carried out on fluticasone propionate powder, the poly-
mers (HPMC, EC, SCMC, Carbopol), casted medicated films,
and its corresponding physical mixtures. The procedure in-
volved heating an accurately weighed sample (5 mg) encapsu-
lated in an aluminum pan at a predetermined scanning rate
(10°C/min) and over a predetermined temperature range from
30°C to 400°C. Dry nitrogen gas was used as carrier gas with a
flow rate of 25 ml/min.

Wide Angle X-ray Diffraction Studies (XRD)

XRD pattern for pure ingredients and selected
mucoadhesive medicated films as well as their corresponding
physical mixture were recorded using X-ray diffractometer
(Scintag Inc., USA) equipped with CuKα as the source of
radiation. The generator operating voltage and current were
45 kVand 9 mA, respectively. The scanning speed was 2°/min,
and the 2θ scanning range was 5–60°. The 2θ values and the
intensities of the peaks were compared for pure ingredients,
the physical mixtures, and the casted films (21).

Evaluation of In Vivo Bioadhesion Time and Patient
Compliance of the Optimized Buccoadhesive Film

The selected buccoadhesive films were evaluated in six
healthy human volunteers aged 25–50 years. The research
protocol (PI 486) was approved by the research ethics com-
mittee for experimental and clinical studies at the Faculty of
Pharmacy, Cairo University. Each film was applied to the
gingival mucosa above the canine tooth by pressing the film
for 30 s (22). The following criteria were evaluated: (1) the
strength of adhesion (very, moderately, slightly adhesive, or
non-adhesive), (2) bitterness, (3) any signs of local irritation,
and (4) the adhesion time, time for detachment of discs from
the buccal mucus membrane.

In Vivo Evaluation of Selected Fluticasone Propionate
Mucoadhesive Films

Based on the in vitro evaluation, two optimum
mucoadhesive formulations containing 1 mg fluticasone pro-
pionate were selected for further in vivo studies. Since there is
no available commercial product for treatment of mouth ulcer
containing fluticasone propionate, the formulations were com-
pared to a prepared mouthwash solution containing the same
drug dose dissolved in 10% ethanol and 30% propylene gly-
col, where the volume was completed with buffer solution pH
6.8. The mouthwash composition was selected according to
preliminary study done in our laboratory (data not shown).
Six adult healthy volunteers, three males and three females
(age range 25–50 years), were enrolled in the study. The
volunteers were randomly divided into three equal groups,
each of two subjects. The study was performed using a simple
randomized crossover design trial. On the morning of the
experiment, blank saliva was withdrawn from each volunteer.
Before 0.5 h of the experiment, food and water were inhibited.
The volunteers were instructed to brush their teeth and place
the film on the buccal mucosa between the cheek and gingival
in the region of upper canine with slight pressure for 60 s or
gargle with 5 ml of the mouthwash for 5 min. Saliva samples
were collected by direct withdrawal from the sublingual area
by a micropipette. Samples were obtained at 0.0, 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 8.0, and 10 h after drug admin-
istration. Samples containing saliva were centrifuged at
3500 rpm for 20 min. Then, the supernatant of the samples
was separated and stored frozen until analysis. After a wash-
out period of 1 week, the volunteers were crossed over to
receive the other formulation. The same precautions were
carefully considered. Saliva samples were analyzed for
fluticasone propionate adopting a modified sensitive, selec-
tive, and accurate HPLC method, developed and validated
before the study. Exactly, 0.75 μl of internal standard solution
containing 200 μg/ml diflucortolone valerate in methanol and
0.4 ml acetonitrile were added to the saliva samples and then
centrifuged for 10 min at 3500 rpm. The upper layer was then
separated, filtered through 0.45 μmMillipore® filter, and 20 μl
samples were injected into the HPLC column for analysis. The
isocratic mobile phase consists of acetonitrile and 20 mm po-
tassium dihydrogen phosphate buffer pH 6 in a ratio of 70:30
v/v. The mobile phase was filtered and degassed. The flow rate
was set to 1.5 ml/min, and the column effluent was monitored
continuously using UV detection at 254 nm. Calculated
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concentrations of fluticasone in salivary were collected, and
the following parameters were calculated for the formulated
film and the prepared mouthwash: Cmax (μg/ml), Tmax (h),
area under the curve (AUC)(0–10) (μg h/ml), AUC(0-∞) (μg h/
ml), area under the first moment curve (AUMC)(0–t) (μg h2/
ml), AUMC(0–∞) (μg h2/ml), and mean residence time (MRT)
(h).

RESULTS AND DISCUSSION

Physicochemical Characterization

Table II summarizes the physical characteristics of the
formulated mucoadhesive films. The thickness of all the for-
mulae ranged between 0.18 and 0.32 mm with low standard
deviation which indicates uniformity within each formulation.
Determination of the drug content showed that the drug was
homogeneously distributed throughout the film, where the
coefficient of variation values was mostly below 10%. This
ensures that the casting solution properties and the prepara-
tion method were suitable to achieve homogenous drug dis-
persion throughout the casted films (23). The weight of the
films ranged from 4.43 to 6.93 mg with uniform weight distri-
bution within each formulation. Most films were found to have
pH values in the intended range (6.5–7.4). Hence, these films
will not cause any irritation when applied to the mucus mem-
brane. However, some formulations showed a slight deviation
from the aforementioned range (pH>7.4). This might be due
to the presence of some polymers that are mostly alkaline in
nature, such as HPMC and SCMC (19). The folding endur-
ance was determined by repeatedly folding one film at the
same place till it broke or folded up to 300 times manually,
which was considered satisfactory to reveal good film proper-
ties (7,24). All films did not show any cracks even after folding
for more than 300 times except for films containing chitosan
HCl (F8–F14), where an obvious reduction in the folding
endurance values was recorded. This indicates that chitosan
HCl reduces the flexibility and mechanical strength of the
medicated films, even in the presence of mucoadhesive poly-
mers (SCMC or Carbopol).

Swelling Index

The swelling index of a mucoadhesive polymer is a crucial
factor in controlling the adhesion property through the forma-
tion of weak bond (25). Water uptake causes the entangled
polymer to relax thus exposing all the bioadhesive sites for
bonding formation. The swelling rate of the polymer directly
affects the rate of bond formation (26).

All the tested formulations showed gradual swelling dur-
ing the tested period (data not presented).

Figure 1 shows the effect of incorporation of bioadhesive
polymer on the swelling index of different mucoadhesive
films, which presents the percentage of swelling index at
30 min (midpoint for the swelling index) for HPMC/EC and
HPMC/chitosan HCl films in combination with 10% SCMC or
10% Carbopol. The concentration of 10% mucoadhesive
polymer was specifically selected as it gave the highest swell-
ing index for most polymers.

It was observed generally that the bioadhesive polymers
enhance greatly the swelling capacity of all mucoadhesive films.
There was no marked difference between the effects of adding
Carbopol or SCMC on the swelling index of mucoadhesive
films. Generally, SCMC is a water-soluble polymer that contains
hydroxyl and carboxyl groups which enhance hydrophilicity of
the polymers (27). Consequently, as the SCMC content in-
creases in the polymeric blend, the hydrophilicity, as well as
the rate of water sorption increases, this increases the swelling
ratio in turn (28). Another probable explanation is that there is
mutual repulsion that occurs between the negatively charged
carboxylate groups of SCMC as the concentration increases in
the blend matrix, which leads to polymer relaxation and an
increase in the swelling index (29). This ultimately results in
enhanced swelling of the system. On the other hand, Carbopol
971P is lightly cross-linked, thus opens up easily resulting in
water uptake and great swelling (30).

In Vitro Drug Release

Figure 2a, b shows the release profiles of fluticasone from
different mucoadhesive films. The addition of SCMC at

Table II. Physicochemical Characterization of Mucoadhesive Films Containing Fluticasone Propionate

Formula code Thicknessa (mm) Drug content (%)a Weight (mg)a Surface pHa In vitro mucoadhesion
time (h)a

F1 0.18 ± 0.01 93.64 ± 0.0002 5.43 ± 0.49 6.70 ± 1.34 –
F2 0.21 ± 0.01 108.23 ± 0.0009 5.50 ± 0.26 7.55 ± 1.11 9.75 ± 0.35
F3 0.22 ± 0.01 109.32 ± 0.0001 6.93 ± 0.45 7.02 ± 1.25 10.23 ± 0.32
F4 0.22 ± 0.00 114.25 ± 0.0009 5.57 ± 0.49 7.67 ± 1.36 7.40 ± 0.14
F5 0.19 ± 0.01 105.38 ± 0.0010 6.73 ± 0.38 7.62 ± 1.27 3.15 ± 0.21
F6 0.23 ± 0.02 90.04 ± 0.0001 6.87 ± 0.55 7.10 ± 1.10 8.05 ± 0.07
F7 0.23 ± 0.01 107.78 ± 0.0006 6.43 ± 0.25 7.52 ± 1.13 –
F8 0.32 ± 0.03 115.48 ± 0.0005 4.63 ± 0.57 6.61 ± 0.11 1.05 ± 0.07
F9 0.30 ± 0.01 91.45 ± 0.0010 5.07 ± 0.51 6.74 ± 0.08 12.00 ± 0.00
F10 0.21 ± 0.02 92.89 ± 0.0004 4.43 ± 0.51 6.41 ± 0.37 7.08 ± 0.11
F11 0.22 ± 0.02 99.16 ± 0.0011 6.13 ± 0.55 6.79 ± 0.18 3.25 ± 0.35
F12 0.32 ± 0.02 93.79 ± 0.0003 4.93 ± 0.60 6.65 ± 0.04 2.50 ± 0.71
F13 0.31 ± 0.01 90.43 ± 0.0015 6.13 ± 0.71 6.54 ± 0.09 3.08 ± 0.11
F14 0.32 ± 0.02 91.33 ± 0.0014 5.83 ± 0.76 6.60 ± 0.08 4.25 ± 0.35

aEach value represents the mean ± SD (n = 3)
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different concentrations to HPMC/EC (F2–F4) led to a de-
crease in the release efficiency of fluticasone propionate com-
pared to HPMC/EC films without SCMC (F1). Hydrogen
bond formation between the carboxyl group of SCMC and
the hydroxyl group of HPMC could lead to an increase in
cross-linking which in turn increased the viscosity and hence
reduced drug release (19). In addition, the subsequent in-
crease in the diffusional path length due to the high swelling
index may be responsible for the low release profile (31). It
was also observed that the addition of Carbopol (F5–F6) led
to a decrease in the drug release efficiency significantly
(p< 0.05) due to the formation of gelatinous layer upon hy-
dration that protects the film against erosion. The release of
drug from these systems may be delayed due to the
interpolymer complexation network formed by the penetra-
tion of dissolution medium into the matrix as well as the
presence of Carbopol that enables entrapment of the drug in
the cross-linking structure (26,32). However, further increase

in Carbopol (F7) concentration led to an increase in the
release efficiency.

It was found that the replacement of EC with chitosan HCl
in film containing HPMC (F1 and F8, respectively) led to a
significant decrease in the release of the drug (p<0.05). This
result is in agreement with the result reported by Mukherjee
et al. (33) during the preparation of bilayered mucoadhesive
delivery system for extended release of bisphosphonates. It was
stated that interpolymer complexation occurred between
HPMCand chitosan that led to controlled drug release. Another
explanation for this result could be due to the possible interac-
tion between hydroxyl group of fluticasone propionate and
amino group of chitosan HCl. Rodrigues and colleagues have
reported an interaction between hydroxyl and amino group of
chitosan and hydroxyl groups of dexamethasone (34). This in-
teraction led to sustain drug release over 8 h. In addition,
chitosan films are characterized by slow erosion rate, which led
to reduced drug diffusion through the polymer network (35).

The addition of SCMC led to non-significant change in
the release efficiency (p> 0.05). On the contrary, an increase
in the drug release efficiency was observed when 20%
Carbopol was added in HPMC/chitosan HCl film (F14). This
could be explained on the basis that the extent of interpolymer
complexation depends on the ratio of HPMC to chitosan HCl.
Unlike (F12 and F13), HPMC concentration is considered
relatively low in mucoadhesive film (F14). Consequently, this
might affect the degree of interpolymer complexation. There-
fore, the effect of Carbopol predominates over the
interpolymer complexation effect in film (F14) which led to
an increase in the amount of drug released. Bindu and
Ravindra reported that at pH 6.8, Carbopol is present in its
ionized form which results in repulsion and polymer relaxa-
tion which leads to higher drug release (36).

The kinetic analysis of the in vitro drug release data of
fluticasone from mucoadhesive films revealed that all formulae
followed Higuchi model as a mechanism of drug release. Gen-
erally, according to Higuchi model, the drug molecules at the
surface of the device are released, those in the center of the
device having to migrate longer distances to be released which
takes a longer time. This increased diffusion time results in a
decrease in the release rate from the device with time. Gener-
ally, the rate of release is found to decrease in proportion to the
square root of time (37). The release data were also fitted
according to well-known Korsmeyer-Peppas diffusion model
(38,39) which is an exponential model to analyze drug release
from polymeric devices with various geometrical shapes (40).As
the Korsmeyer-Peppas diffusion model is valid only for early
stages of release (≤60% of the drug release) (41), this model

Fig. 1. The effect of addition of bioadhesive polymers on the swelling index of mucoadhesive films after 30 min of film insertion in 5 ml
phosphate buffer solution pH 6.8

Fig. 2. a Release profiles of fluticasone propionate from mucoadhesive
film containing hydroxypropyl methylcellulose/ethyl cellulose. bRelease
profiles of fluticasone propionate from mucoadhesive films containing
hydroxypropyl methyl cellulose/chitosan HCl
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cannot be applied on any formula with release profile more than
60% release in the first 1 h. Most of the formulae were found to
follow non-Fickian anomalous transport (1>n>0.5), where the
drug release is controlled by combination of diffusion and poly-
mer relaxation, except for those containing HPMC/chitosan
HCl with 5% and 10% SCMC or 5%, 10%, and 20% Carbopol
(F9, F10, F12, F13, and F14, respectively), where the value of n
was less than 0.5 indicating Fickian transport where the rate of
drug diffusion is much less than that of polymer relaxation
(erosion) (data are not presented).

In Vitro Mucoadhesion Time

Table II shows the effect of bioadhesive polymers on the
in vitro mucoadhesion time of different fluticasone films. It was
observed that themucoadhesive polymers (SCMCor Carbopol)
increased the in vitro adhesion time of all mucoadhesive films. In
general, SCMC containing films (F2, F3, F4, F9, F10, and F11)
showed high bioadhesive strength values that were statistically
significant (p< 0.05) than those for Carbopol containing films
(F5, F6, F12, F13, and F14) with similar compositions. The
carboxylic group of SCMC increases the mucoadhesive force
through the formation of hydrogen bonds with the mucus mem-
brane. In addition, the high swelling index of SCMC films en-
courages the polymer chain diffusion with the tissue thus
increasing the adhesion force. All the aforementioned factors
may have resulted in the superior bioadhesive force for the
SCMC film (25). It was observed that films containing 10%
SCMC achieve better mucoadhesion time than those containing
20% SCMC. On contrary, as the amount of Carbopol increases,
the mucoadhesion time increases. This could be explained on
the basis of the degree of erosion of the two polymers, where the
increase in SCMC may result in increasing film porosity which
facilitates dissolution medium penetration. This would conse-
quently accelerate film erosion and detachment from the mucus
membrane (22,31). The mucoadhesion time ranged from 1 to
12 h, according to the composition of the formulation.

From the above results, it was concluded that
mucoadhesive films containing HPMC, EC, and 10% SCMC
polymers (F3) and film containing HPMC, EC, and 10%
Carbopol polymers (F6) are characterized by a sustained drug
release profile with acceptable swelling rate and satisfactory
in vitro mucoadhesion residence time. These formulas were
thus selected for characterization by DSC and XRD and for
investigation of their in vivo performance.

DSC Studies

The DSC was used in the present study to determine the
physicochemical state of the drug in the HPMC/EC formula-
tions containing 10% SCMC or 10% Carbopol (F3 and F6,
respectively) and their corresponding physical mixtures.

Figure 3a, b shows the thermogram of FP which repre-
sents one main characteristic endothermic peak at 277.87°C,
which corresponds to fluticasone propionate melting point.
This result is in agreement with previous study carried out
by Vatanara et al. (42) where fluticasone propionate exhibited
endothermic behavior at 285–290°C. The DSC thermograms
of pure HPMC, EC, and SCMC are shown in Fig. 3a, which
show a shallow, broad endothermic peak at 87°C, 184.4°C, and
92.6°C, respectively. Figure 3b shows the same endothermic

peaks for HPMC, EC in addition to a very shallow, broad
endothermic peak for Carbopol that was observed at 245°C.
While a slight shifting in the endothermic peak of the drug was
observed when mixed with the excipients in the physical mix-
ture, where the characteristic endothermic peak of the drug
appears at 313.47°C and 226.17°C instead of 277.87°C
(Fig. 3a, b, respectively), which may be due to mixing of more
than two substances, where the purity of each is reduced,
leading generally to slight shifting in melting point reflected
by the DSC endotherms (43). The disappearance of the endo-
thermic peak corresponding to the melting point of FP in the
HPMC/EC film (F3 and F6) indicated the dissolution of the
drug crystals in the polymeric film (21).

Wide Angle XRD Studies

The wide angle XRD study was carried out to confirm the
results of the DSC studies. The diffractograms of HPMC/EC
formulations containing 10% SCMC or 10% Carbopol (F3
and F6) are illustrated in subpanels a and b of Fig. 4, respec-
tively. The diffractograms of the pure drug and the pure films’
components as well as their corresponding physical mixtures
were added for comparison.

It was observed that the pure drug exhibited a diffraction
pattern with numerous distinctive peaks indicating its highly
crystalline state (44). The most abundant peaks were observed
at 2θ values of 9.8°, 13.0°, and 15.0° and peaks of lower
intensity 2θ values at 16.5°, 18.0°, 21.0°, and 22.0°.

The diffraction patterns of individual components
(polymers) for HPMC/EC film (F3) are shown in Fig. 4a.
HPMC diffraction pattern showed no characteristic peaks
indicating its amorphous state. EC showed two broad peaks
at 2θ= 6.0° and 11.0°. SCMC diffraction pattern showed two
sharp peaks at 2θ= 31.8° and 45.0°, respectively. The diffrac-
tion patterns of individual components (polymers) for
HPMC/EC film (F6) are illustrated in Fig. 4b which shows
the same diffraction pattern previously mentioned for HPMC
and EC as well as Carbopol diffraction pattern which showed
no characteristic peaks indicating its presence in amorphous
form. The XRD profile of the physical mixture for F3 also
demonstrated the crystalline peaks for fluticasone propionate
corresponding to 2θ values of 9.8°, 13.0°, and 15.0° as well as
the two characteristic peaks for SCMC at 2θ= 31.8° and 45.0°.
The physical mixture for F6 also showed the crystalline peaks
for the fluticasone propionate. However, the peak intensity
was lessened. This might be due to the relative decrease in the
crystalline compound concentration in the physical mixture in
comparison to the pure ingredients (45). The casted HPMC/
EC film containing 10% SCMC (F3) showed one broad peak
between 2θ= 17.0° and 25.0°, whereas the casted HPMC/EC
film containing 10% Carbopol (F6) showed one broad peak
between 2θ= 16.0° and 23.0°. This finding strongly suggests
that the drug was distributed homogeneously in the polymeric
matrix in amorphous state (21). This confirms the results
obtained with the DSC study.

Evaluation of In Vivo Bioadhesion and Patient Compliance of
the Buccoadhesive Films

In vivo testing of selected formulations containing 65%
HPMC, 25% EC, and 10% SCMC or 10% Carbopol (F3 and
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F6, respectively) on six healthy human volunteers showed that
F3 can adhere to mucosa without detachment till 6 h while F6
can adhere till 4 h, after which films began to detach from
mucosa. This result is in agreement with in vi tro
mucoadhesion residence time study results indicating that
the mechanism controlling the adhesion time is the same for
in vivo or in vitro. However, the shorter in vivo mucoadhesion
time is due to the buccal movement and salivary flow. Strength
of adhesion was moderate (i.e., the volunteers did not com-
plain from severe strength of adhesion nor looseness). No
signs of irritation or feeling of bitterness until detachment of
films from mucosa were observed nor reported.

In Vivo Evaluation of Selected Fluticasone Propionate
Mucoadhesive Films

The in vivo evaluation of selected fluticasone propio-
nate mucoadhesive films was carried out by measuring the
salivary concentration of the drug over a period of 10 h
using HPLC assay for either after gargling for 5 min with
5 ml of mouthwash containing 20% w/w drug dissolved in
phosphate buffer solution pH 6.8 containing 10% ethanol
and 30% propylene glycol or following the application of
medicated mucoadhesive films to the gingival mucosa
above the canine tooth containing the same dose of drug.
The HPLC techniques were validated before the study
and showed sufficient sensitivity, precision, and accuracy
for detection of the salivary level of drug with the least
complications.

The mean salivary drug concentration, illustrated in
Fig. 5, demonstrates a striking difference in release rate
between the mucoadhesive films and the mouthwash. Al-
though high drug levels were observed in saliva following
the use of mouthwash after the first 5 min of the experi-
ment in comparison to lower drug levels obtained from the
mucoadhesive films (F3 and F6) up to 30 min, a remark-
able fluticasone propionate concentration was released from
the mucoadhesive films (F6 and F3) after 3 and 4 h, re-
spectively, compared to traces of the drug obtained from
the mouthwash. On the other hand, the detectable drug
concentration was present in saliva even after the complete
erosion of the films up to 8 or 10 h for F6 and F3,
respectively, which indicates sustained drug release from
the investigated formula in comparison to the fast release
of drug from the mouthwash.

The pharmacokinetic parameters observed for the
three tested formulations are presented in Table III. The
table compiled the mean value of Cmax, Tmax, AUC(0–t),
AUC(0–∞), AUMC(0–t), AUMC(0–∞), and MRT for the six
individuals under investigation. The relatively high standard
deviation (SD) values obtained from the in vivo data can
be explained by the difference in salivary flow from one
subject to the other, which controls film hydration and
detachment from the mucus membrane (46). The delayed
Tmax of the mucoadhesive films indicates that they could
successfully achieve sustained drug release in comparison to
mouthwash. The significant difference (p < 0.05) between
AUC values of the two mucoadhesive films and the tested

Fig. 3. aDSC thermograms of a fluticasone propionate, b hydroxypropyl methylcellulose, c ethyl cellulose, d sodium carboxymethyl cellulose, e
their corresponding physical mixture, and f F3. b DSC thermograms of a fluticasone propionate, b hydroxypropyl methylcellulose, c ethyl

cellulose, d Carbopol, e their corresponding physical mixture, and f F6
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Fig. 5. Mean salivary concentrations of fluticasone propionate for six human volunteers after administration of mucoadhesive films (F3 and F6)
and mouthwash

Fig. 4. a X-ray diffraction spectra of a fluticasone propionate, b hydroxypropyl methylcellulose, c ethyl cellulose, d sodium carboxymethyl
cellulose, e their corresponding physical mixture, and f F3. b X-ray diffraction spectra of a fluticasone propionate, b hydroxypropyl

methylcellulose, c ethyl cellulose, d Carbopol, e their corresponding physical mixture, and f F6
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mouthwash indicates better availability of the drug from
mucoadhesive films in comparison to mouthwash. The du-
ration of action for the tested formulations which was
determined by their MRT values showed significant differ-
ence (p< 0.05) between the three formulations which was
the highest for film F3. This confirmed that the candidate
film F3 was able to achieve sustained drug release for 10 h.

It was previously estimated that IC50 (represents the
concentration of fluticasone propionate required to pro-
duce 50% inhibition of eosinophil survival activities) for
the anti-inflammatory effect of fluticasone propionate in
human epithelial cells is 0.001 μg/ml (47). Fortunately, the
results of our study revealed that the mucoadhesive film
F3 in a dose equivalent to 1 mg fluticasone propionate/
film was able to maintain the drug concentration in a
range from 0.450 to 8.214 μg/ml for 10 h in the oral
cavity. These results demonstrate that the prepared
mucoadhesive film can attain reasonable fluticasone pro-
pionate concentration in the buccal cavity to treat painful
oral lichens.

Consequently, the investigated mucoadhesive film
containing 2% fluticasone propionate, 49% propylene gly-
col, and 49% polymer which is composed of 65% HPMC,
25% EC, and 10% SCMC (F3) showed promising results
and can be considered a suitable candidate that could
successfully achieve sustained fluticasone propionate re-
lease, reduce dosing frequency, and maintain salivary drug
concentration required for local treatment of severe
mouth lesions for a prolonged time. It was also demon-
strated that investigated film was ultra-thin, non-irritant,
and tasteless, which is considered satisfactory for patient
use.

CONCLUSION

The abovementioned data would, definitely, point out
the suitability of formulating fluticasone propionate in the
form of mucoadhesive buccal film containing low drug
dose which reduces possible side effects. The suggested
formulation could successfully achieve sustained drug re-
lease and maintain salivary drug concentration required
for effective local treatment of severe mouth lesions

which, consequently, will reduce dosing frequency and
enhance patient compliance.
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