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To develop a novel triamcinolone acetonide (TAA)-loaded spray for the treatment of stomatitis, several spray
solutions were prepared using various amounts of TAA, Eudragit® L100 (Eudragit L) and PEG 400, and
100 ml ethanol. Their viscosity and spraying potential were investigated, with the result that the spraying
threshold was 9.5 cP. The effect of PEG 400 on the properties of films formed after spraying was assessed.
Its anti-inflammatory effect in mice was evaluated and compared to a commercial product. As the PEG 400
concentration increased, the film elongation and washability by the saliva solution increased, and tensile
strength decreased. PEG 400 had little effect on mucoadhesive force and drug release. The TAA-loaded
spray solution containing TAA, Eudragit L, PEG 400 and ethanol at the ratio of 1:6:3:100 (w/w/w/v) was
easy to spray onto stomatitis lesions in the mouth via a spraying vessel incorporating a long straw. After
spraying, the TAA-loaded spray formed a film with suitable elongation, tensile strength and washability that
attached onto the mucosal membrane and released the drug. Moreover, it had excellent anti-inflammatory
properties, similar to those of the commercial product. Thus, this novel TAA-loaded spray solution was
easy to administer, had good film properties and excellent anti-inflammatory efficacy, and is therefore a

potential candidate for the treatment of stomatitis.

1. Introduction

Stomatitis is a relatively common chronic dermatological dis-
ease that frequently distresses the oral mucosa. Although the
cause of stomatitis has not yet been identified, current evidence
indicates that it is an immunologically mediated mucocutaneous
disorder (Hanawa et al. 2004). The symptoms of stomatitis
comprise distinct, painful, thin and persistent ulcers measur-
ing 3mm to less than 3cm in diameter. The lesions tend to
remain for 2 to 3 weeks. Moreover, recurrences are common
following shock, allergy, emotional anxiety and hormonal devi-
ations (Vyas et al. 2006). Stomatitis can be particularly painful
in the oral mucosa, where it can interfere with eating, speaking
and swallowing (Zacharias et al. 2011). Among the numer-
ous treatments for stomatitis, triamcinolone acetonide (TAA),
a long-acting synthetic glucocorticoid, has recently been used
to treat inflammatory conditions including stomatitis (Peng et al.
2010; Sabzevari et al. 2013). Various TAA-loaded pharmaceu-
tical formulations such as ointments (Choi et al. 2013; Paulo
et al. 2000), gels (Shin et al. 2000; Yang et al. 2005; Yang et al.
2006), tablets (Ali et al. 1998) and patches (Chun et al. 2003)
have been studied. The ointment and buccal tablet formulations
have been given the brand names Oramedy® (Dongkook Pharm.
Co.; Suwon, South Korea) and Aftach® (Dongwha Pharm. Co.;
Yong-In, South Korea), respectively. However, these formula-
tions are difficult to apply to the oral mucosa and to attach to the
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stomatitis lesions for a sufficient period of time, because they are
easily removed by salivation, tongue movement and swallowing
(Choi and Kim 2000; Shin et al. 2000; Yang et al. 2005).

With the aim of overcoming these problems, a novel triam-
cinolone acetonide-loaded spray solution was developed for
this study. Several spray solutions were prepared using various
amounts of TAA, Eudragit® 1100 (Eudragit L) and PEG 400,
and 100 ml ethanol, and then their viscosity and spraying poten-
tial were measured. The effect of PEG 400 on the properties
of films formed after spraying these solutions using a spray-
ing device was investigated. Their anti-inflammatory efficacy in
inflammation-induced mice was also evaluated compared to that
of a commercial ointment.

2. Investigations, results and discussion

In this study, a spraying vessel incorporating a long straw was
used to spray the TAA-loaded solutions. This straw was sim-
ilar in shape to the NM17 Actuator (Presspart Manufacturing
Co., Lancashire, UK). By spraying using this vessel, only the
specific wound areas were treated, avoiding spraying any unaf-
fected regions. When using the vessel without a straw or with a
relatively short one, it was difficult to apply accurately and the
spray was deposited on areas around the lesion. In the develop-
ment of TAA-loaded spray solutions, Eudragit L (Kulthe et al.
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Fig. 1: Effect of ingredients on the viscosity of TAA-loaded spray solution: (A) Eudragit L; (B) PEG 400; (C) drug. Each value represents the mean+S.D. (n=3).

2013; Park et al. 2012) and PEG 400 (Bruce et al. 2011; Kianfar
etal. 2012) were used as a film-forming polymer and plasticizer,
respectively. Eudragit L, a copolymer of methacrylic acid and
methyl methacrylate, gives tremendous mucoadhesive charac-
teristics and extraordinary viscosity when dissolved in solution
(Choi et al. 2000; Yun et al. 1999).

In this study, solutions containing 3—-8% Eudragit L in ethanol
were prepared and their ease of spraying was investigated. The
ethanol solution containing 8% Eudragit L was hard to spray.
Ethanol solutions containing less than 7% Eudragit L could be
sprayed. However, at higher concentrations spraying was impos-
sible due to the relatively high viscosity. The viscosity of the
ethanol solution containing 7% Eudragit L was about 9.5 cP,
which was taken as the threshold for spraying in this study.
Figure 1 shows the influence of Eudragit L, PEG 400 and drug
on the viscosity of the spray solution. The ethanol solutions
containing 3-8% Eudragit L. were manufactured and their vis-
cosities were assessed, indicating that Eudragit L had a large
effect on the viscosity of the ethanol solution (Fig. 1A) (Kulthe
et al. 2013; Park et al. 2012). Secondly, to evaluate the effect
of PEG 400 on the viscosity, the solutions were also prepared

with 6% Eudragit L and 0-4% PEG 400, and their viscosity
was investigated. PEG 400 had a small effect on viscosity, but
this was not significant (Fig. 1B). Finally, the viscosities of the
TAA-loaded spray solutions prepared with 6% Eudragit L, 4%
PEG 400 and 0-1% TAA were also determined, revealing that
the drug had little effect on the viscosity of the spray solution
(Fig. 1C). All ethanol solutions containing less than 7% Eudragit
L could be sprayed, as they were below the spraying threshold
of 9.5 cP. However, in this study, the concentration of Eudragit L
was fixed at 6%, to avoid being too close to the threshold value.
Figure 2 shows the effect of PEG 400, a plasticizer, on the
mechanical properties of the TAA-loaded film. Plasticization
of the polymer decreased the polymeric intermolecular inter-
faces, improving the freedom of movement of the polymeric
molecules. Consequently, the deformability of the film increased
(Bruce et al. 2011). As the PEG 400 concentration increased,
the film elongation increased (Fig. 2A), particularly above 3%
PEG 400. The tensile strength was not significantly affected
up to 3% PEG 400, above which it diminished dramatically
(Fig. 2B). Biocompatible films such as buccal film and epi-
dermal film must have excellent elasticity and strong tensile
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Fig. 3: Effect of PEG 400 on the washability (A) and mucoadhesive force (B) of TAA-loaded film.

strength in order to retain their film form (Choi et al. 2013: Lim
et al. 2010). However, because elasticity and tensile strength are
opposing properties, the films have anything to give not highest
but suitable mechanic properties. Thus, among the formulations
tested in this study, the TAA-loaded spray prepared with 3%
PEG 400 produced the film with the most suitable elasticity and
tensile strength.

Washability and mucoadhesion are two important factors in the
development of TAA-loaded films. When sprayed onto the buc-
cal or tongue membrane, the film can spread with adhesion onto
the mucous membrane, and needs to remain in place for a suffi-
cient amount of time to protect the lesion. Furthermore, the film
must not be rapidly washable by the saliva solution or become
detached until the drug is entirely released or absorbed in the
mouth (Yong et al. 2001). In other words, rapid washability by
the simulated saliva solution and detachment from the mucous
membrane reduce drug efficacy. Figure 3A demonstrates how
the washability of the film was affected as a function of increas-
ing PEG 400. PEG 400 greatly increased the film’s washability

by the simulated saliva solution over 20 min. PEG 400, a water-
soluble plasticizer, dissolves in the saliva, but Eudragit L, a
water-insoluble polymer, does not dissolve.

The film prepared with Eudragit L demonstrated a strong
mucoadhesive force exceeding 4000 dyne/cm? (Fig. 3B). Since
the mucous membranes consist of oligosaccharide chains con-
taining sialic acid, polymers with hydrophilic groups can bind
strongly to these oligosaccharide chains, resulting in a strong
mucoadhesive force (Choi et al. 1998; Yun et al. 1999). Eudragit
L exhibits a strong mucoadhesive force due to its carboxylic
groups, which can form hydrogen bonds with the sialic acid of
the oligosaccharide chains on the mucous membranes (Kulthe
et al. 2013; Park et al. 2012). It was predicted that, like Eudragit
L, the PEG 400 plus ethylene glycol formulation might pro-
duce an excellent mucoadhesive force due to its capacity to
form hydrogen bonds (Kianfar et al. 2012). However, in this
study, PEG 400 had little effect on the mucoadhesive force of
the film. Indeed, the film containing PEG 400 with ethylene
glycol showed a slight, but not significant, improvement in this
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Fig. 4: Effect of Eudragit L (A) and PEG 400 (B) on drug release. Each value represents the mean + S.D. (n=6). TAA-loaded films were composed of TAA, Eudragit L and PEG

400.
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Fig. 5: Degree of inflammation after administering 1-chloro-2,4-dinitro-benzene to
mice (A) and anti-inflammation efficacy (B). Groups A, B, C and D received
no treatment (control), commercial ointment, spray solution vehicle without
drug and TAA-loaded spray solution, respectively. The TAA-loaded spray
solution was composed of TAA, Eudragit L, PEG 400 and ethanol at the ratio
of 1:6:3:100 (w/w/w/v). * Significantly lower than group A (control)
(p<0.05).

property. In the development of TAA-loaded films, the mucoad-
hesive force of the TAA-loaded films was dependent upon the
amount of Eudragit L. Moreover, PEG 400 had an effect not on
mucoadhesive force but on the washability of spray films.
Figure 4 shows the drug-release profiles from the films in the
simulated saliva solution at 36.5 °C. As the Eudragit L content
increased, the slower was the rate of drug release from the film
(Fig. 4A). This retardation of the release rate was due to its
water-insoluble property. In contrast, PEG 400 increased the
release rate, although not significantly (Fig. 5B). The rate of
release of drug from all films was about 70% at 1 h, suggesting
that the films had excellent release properties. Generally, non-
injectable commercial pharmaceutical products show more than
70% dissolution of the drug at 1 h (Cho and Choi 2013; Kimet al.
2011).

Based on these findings, the formulation containing TAA,
Eudragit L, PEG 400 and ethanol at the ratio of 1:6:3:100
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(w/wlwlv) was selected as the optimal TAA-loaded spray solu-
tion because this formulation produced a film with suitable
elongation, tensile strength and washability, strong mucoadhe-
sive force, and good release properties.

Figure 5 compares inflammatory parameters such as IL-18 and
TNF-a measured after treating inflammation-induced mice with
four different preparations. The inflammation was induced by
the epicutaneous application of 1-chloro-2,4-dinitro-benzene
(Fig. 5A) (Koziorowski et al. 2012; Zhang et al. 2008). In
this study, IL-168 and TNF-a values in serum were used as
inflammatory indices. It was reported that the levels of proin-
flammable cytokines such as TNF-a and IL-18 were markedly
elevated in the serum of patients with inflammatory conditions
(Koziorowski et al. 2012). The IL-18 and TNF-a values mea-
sured in group C, which was treated with the spray solution
vehicle without drug, did not differ significantly from those
measured in group A (control; no administration) (Fig. 5B).
Group B (132.94 + 10.80 and 10.40 + 3.23, respectively) and D
(89.33 +13.43 and 3.92 + 3.89, respectively), which were treated
with the commercial ointment and TAA-loaded spray solution,
respectively, showed significantly lower values compared to the
control (190.10 +28.15 and 19.88 +2.79, respectively). Further-
more, values in group D, which was treated with the spray
solution, were lower than those in group B, which was treated
with the commercial ointment. However, the difference was not
significant. Our results suggested that the TAA-loaded spray
had excellent anti-inflammatory properties similar to those of
the commercial ointment.

In conclusion, the TAA-loaded spray solution composed of
TAA, Eudragit L, PEG 400 and ethanol at the ratio of 1:6:3:100
(w/w/wlv) was easy to administer, had good film properties
and excellent anti-inflammatory efficacy, and is thus a potential
candidate for the treatment of stomatitis.

3. Experimental
3.1. Materials

Triamcinolone acetonide (TAA) was purchased from Hwail Chem. Co.
(Seoul, South Korea). Eudragit® L100 (Eudragit L) and 1-chloro-2,4-
dinitro-benzene were supplied by Rohm Pharma Co. (Darmstadt, Germany)
and Sigma-Aldrich Co. (Milwaukee, WI, USA), respectively. The TAA-
loaded commercial ointment (Oramedy®) was purchased from Dongkook
Pharm. Co. (Suwon, South Korea). The spraying vessel incorporating a long
straw used in this study was supplied by Kyungnam Pharm. Co. (Euiryung,
South Korea). Ethanol (95%) and polyethylene glycol 400 (PEG 400) were
of USP grade. All other chemicals were of reagent grade and were used
without further purification.

3.2. Animals

All animal procedures followed the Guiding Principles in the Use of Ani-
mals in Toxicology, as approved in 1989, reviewed in 1999 and edited in
2008 by the Society of Toxicology (SOT, 2008). In addition, the code of
conduct for the animal studies was approved by the Institute of Laboratory
Animal Resources of Yeungnam University. Male Golden hamsters weigh-
ing 100+ 10 g and female mice weighing 16.5 + 1.5 g were purchased from
Charles River Company Korea (Orient, Seoul, South Korea) and Biotoxtech
Company (Seoul, South Korea), respectively.

3.3. Preparation of TAA-loaded spray solutions

The TAA-loaded spray solutions were prepared by entirely dissolving TAA
(0-1g), Eudragit L (0-8 g) and PEG (04 g) in 100 ml ethanol at 25°C
with gentle stirring. Each spray solution was placed in a spraying vessel
attached to a long straw, and its spraying potential was examined by visual
observation. Its viscosity was then checked using a Brookfield viscometer
(LVDV-II + Pro; Brookfield, IL, USA) with a spindle (#18) speed of 100 rpm,
resulting in determination of the spraying threshold.
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Fig. 6: Film-washing device.

3.4. Film properties
3.4.1. Formation of TAA-loaded spray film

Each spray solution (15 ml) was poured into a Petri dish, in which a Teflon
sheet was attached to the bottom using cyanoacrylate adhesive. The film was
dried at 70 °C for 2 h and lifted off the Teflon sheet, leading to a TAA-loaded
film.

3.4.2. Mechanics

The tensile strength and elongation of TAA-loaded films were evaluated
using a tensile test machine (Instron 4464, UK). Each film was cut into a
defined dog-bone shape (6 cm long, 2cm wide at the end and 1 cm wide
in the centre). A mechanical study was carried out at a stretching rate of
10 mm/min with a pre-load of 0.5N to find the highest load of each film.
Immediately prior to evaluation, the film thickness was measured using a
digital calliper (CD-15CPX; Mitutoyo Co., Japan).

3.4.3. Washability

The washability study was performed using a simulated saliva solution with
a Franz cell apparatus and peristaltic pump. The simulated saliva solution
was prepared by dissolving 2.38 g Na,HPOy, 0.19 g KH,PO4 and 8.00 g
NaCl in 1 L of distilled water, and adjusting pH to 6.75 with phosphoric
acid (Choi et al. 2000). The square pieces (2 x 2 cm) of TAA-loaded spray
films, as prepared above, were placed into the simulated saliva solution in
a Franz cell apparatus (Fig. 6), stirred at 10 rpm using a magnetic bar for
20 min, and desiccated at 70 °C under vacuum for 12 h (W). The washability
of the film was determined as follows: Washability % = (Wo-W)/W, *100,
where W and W, are the weights of the film at 0 and 20 min, respectively.

3.4.4. Mucoadhesive force

The mucoadhesive force of the films was checked using the measuring
equipment shown in Fig. 7 (Choi et al. 1998; Yun et al. 1999). In detail,
a cross-section of tissue was cut from the fundus of the hamster cheek
pouch and clipped with the mucosal side (E) out onto a glass vial (C) using
a rubber band and an aluminium cap. One vial (C) with a section of tissue
was attached to the modified balance (A) and another vial was positioned
on a height-adjustable pan (F). Each formulation was sprayed onto the rub-

Fig. 7: Mucoadhesive force-measuring device: (A) modified balance; (B) weights;
(C) glass vial; (D) sprayed film; (E) hamster cheek pouch; (F)
height-adjustable pan.
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ber band of the other vial without spraying the aluminium cap and dried
using a hair dryer until the film (D) had formed. Then, the height of the
vial was moved accordingly to place the film between the mucosal tissues
of both vials. The weights (B) were increased until the two vials separated.
Mucoadhesive force reflects the detachment stress (dyne/cm?), which was
the lowest weight that separated the two vials.

3.5. Drug release

In-vitro drug-release studies of the TAA-loaded films, as prepared above,
were conducted at 36.5 °C using the paddle method at 50 rpm with 400 ml
of the simulated saliva solution as a dissolution medium in a dissolution
tester (Shinseang Instrument Co.; Hwasung, South Korea). One millilitre of
sample was taken from the dissolution medium at predetermined intervals,
and filtered through a syringe filter (pore size, 0.45 (m; diameter 25 mm;
Whatman Co., Breda, Netherlands). The drug concentration in the resulting
solution (20 (1) was checked by HPLC (Hitachi; Tokyo, Japan) using an
Inertsil ODS-3 C;g column (GL Science, 0.5 (m, 15cm x 0.46 cmi.d.) and a
UV detector (Model L-7450). The mobile phase consisted of methanol and
water (70/30, volume ratio). The eluent was observed at 242 nm with a flow
rate of 1 ml/min.

3.6. Anti-inflammatory efficacy

Forty female mice, with flanks shaved using a small animal clipper one day
prior to sensitization, were randomly divided into four groups. The mice
were sensitized by the epicutaneous application of 100 (1 of 1% 1-chloro-
2,4-dinitro-benzene onto the shaved flanks on day 1, 3, 5 and 7. Each mouse
was restrained for 3-5 s to permit some of the solvent to evaporate on the
skin. The test materials were applied every day from day 8 to day 14. Group
A received no treatment (control). Group B was given 1 g of commercial
ointment equivalent to 1 mg TAA. Group C and D were administered with
100 (1 of the vehicle [Eudragit L/PEG 400/Ethanol (6:3:100, w/w/v)] and
TAA-loaded spray solution [TAA/Eudragit L/PEG 400/Ethanol (1:6:3:100,
w/w/w/v)] at the drug dose of 1 mg, respectively. The mice were sacrificed
on day 15, and the heart blood was collected. The IL-16 and TNF-« values in
serum were measured using enzyme-linked immunosorbent assay (ELISA)
kits plus commercially available reagents according to the manufacturer’s
instructions (Bio-Tek Instruments Inc.; Winooski, VT, USA) (Koziorowski
et al. 2012; Zhang et al. 2008).
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