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Abstract: Recurrent aphthous stomatitis (RAS) is a disease marked by painful oral lesions
on the buccal and labial mucosa or tongue. Drug delivery systems (DDS) for RAS include
topical forms that manage wound healing, cover the ulcer, and relieve the associated pain.
DDS targeting the oral mucosa face a major challenge, especially the short residence times in
the mouth due to the effect of “saliva wash-out”, which continually removes the drug. The
objective of this review is to study the development of preparation forms and delivery
systems of various types and preparations that have been used for RAS management from
1965 until February 2020. There are 20 types of DDS for RAS which were discussed in 62
articles. The preparations were classified into 4 preparation forms: liquid, semi-solid, solid,
and miscellaneous. In addition, the ultimate DDS for RAS preparations is the semi-solid
forms (41.94%), which include 5 types of DDS are gel, paste, patch, cream, and ointment.
This preparation was developed into new preparation form (11.29%), such as adhesive
alginates, dentifrice, OraDisc, membranes, bioresorbable plates, pellicles, and gelosomes.
Generally, the mucosal drug delivery system is the method of choice in RAS treatment
because the ulcer is commonly located in the oral mucosa. In conclusion, these preparations
are designed to improve drug delivery and drug activity for the treatment of RAS ulcers.
Moreover, almost all of these DDS are topical preparations that use various types of
mucoadhesive polymers to increase both residence time in the oral mucosa and pain relief
in RAS treatment.

Keywords: drug delivery system, DDS, recurrent aphthous stomatitis, RAS, mucoadhesive,
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Introduction

Recurrent aphthous stomatitis (RAS) is a disease marked by painful oral lesions on the
buccal and labial mucosa or tongue. Jurge et al revealed that RAS is mostly occurring
on mucosal about 5-60% in the UK' and around 2-50% worldwide. However, the
exact cause of RAS is yet to be discovered, the symptoms start with a burning sensation
(the first stage, namely pre-aesthesia) followed by the pre-ulcerative stage, in which the
epithelium is infiltration by lymphocytes. The next step is the ulcerative stage, in which
edema develops, followed by localization of keratinocytes and localized vasculitis,
which causes local inflammation, ulceration, and the infiltration of plasma cells,
lymphocytes, and neutrophils. These immune responses lead T cells and other leuko-
cytes, namely macrophages and mast cells, to release tumor necrosis factor-alpha
(TNF-0); this is the final stage of RAS, which includes the healing process.” Current
treatment of RAS is aimed at ulcer re-epithelialization and reducing mucosal surface

inflammation.
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A drug delivery system (DDS) is a mechanism of drug
administration through various routes of an organ in humans
or animals to enhance the therapeutic effect.’ The DDS for
RAS treatment evolved in the past. The most common RAS
were found in the mucosa about 83% and the least in the gum,
tongue, and floor of the mouth,* Based on the structure of the
mouth and the prevalency of RAS, the DDS for RAS prepara-
tion focused on the mucosa. The mucosa, covering almost all
oral surfaces, can use as an adhesive site to prolong the drug
release resulting in a better therapeutic effect. A mucoadhesive
drug delivery system has a great concern as one of the methods
to deliver the active compound through mucosal membranes.
The drug release at the oral mucosa is divided into two
mechanisms, ie: extended drug release to give a local

therapeutic effect, or fast drug release to get a systemic ther-
apeutic effect quickly. The local therapeutic effect was found
in the case of RAS preparation to release the drug at a proper
rate.>® RAS preparations have been developed in the past
including the discovery of the active substance and the exci-
pients used as a covering agent or healing agents.

The aim of this review is to study the various
dosage forms used in DDS for RAS management both
topical and systemic. This review describes the various
DDS developed for RAS management from 1965 until
February 2020. The first adhesive polymer was used in
the dental military in 1965 with an applicator called a
“spray gun”.” The discovery following by a clinical
trial of Listerine in 1991, a well-known mouthwash
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brand in Indonesia.® The latest study is adding 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDAC) as a coupling agent to bind L-cysteine to form
adhesive alginate, and forming an alginate-chitosan
scaffold in hydrogel film formulation as a DDS for a-

mangostin for RAS therapy.”'°

Methodology
The review was conducted using the Scopus database

with the keywords: recurrent aphthous stomatitis

763 articles selected for
initial screening

preparation. The studies from 1965 to February 2020
obtained 763 articles related to RAS preparation. There
were 264 articles, and several types of preparation
were selected. The excluded articles are 193 articles
including reviews or original research that are not
related to the subject such as pharmacological and
clinical studies of RAS. The total number of articles
included is 62 articles, which were about the develop-
ment of drug delivery systems for RAS management
(Figure 1).

y
264 articles selected after
initial screening

Excluded (n=217)
Review (n=103)
Other (n=180)

Review on drug (n=4)
Factor analysis in RAS patient (n=5)

v
Final Articles Included (n=62)
Liquid:

- Mouth rinse (n=11)

- Oral liquid (n=1)

- Lotion (n=1)

- Inhaler (n=1)
Semi-solid:

- Gel (n=9)

- Paste (n=9)

- Patch (n=5)

- Cream (n=1)

- Ointment (n=2)

Solid:

- Powder (n=1)

Granule (n=1)

Tablet (n=6)

- Film (n=7)
Miscellaneous:

- Adhesive alginate (n=1)
- Dentifrice (n=1)

- Disc (n=1)

- Membrane (n=1)

- Plate (n=1)

- Pellicle (n=1)

- Liposome (n=1)

Figure | Flowchart of the methodology used in this review.

Efficacy (n=193)
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Recurrent Aphthous Stomatitis

The term “aphtha” originating from the Greek “aphthi”,
which means a burning sensation or inflammation. This
term is dedicated to Hippocrates, who used the words for
the first time to describe these mouth disorders.''

Histopathologically, aphtha is characterized by a burning
sensation in the pre-ulcerative stage (pre-aesthesia), which is
followed by pre-ulcerative stage, where the epithelium is
infiltrated by mononuclear cells (lymphocytes). Edema then
develops, followed by localization of keratinocytes and loca-
lized vasculitis, causing local swelling leading to ulceration
and infiltration by plasma cells, neutrophils, and lymphocytes
in the ulcerative stage. The final step is epithelial mucosal
regeneration in the healing process (Figure 2).”

The cell-mediated immune response, through TNF-a
released as a main inflammatory cytokine, implicates T-cells
and other leukocytes, including mast cells and macrophages.'”
TNF-a has chemotactic activity on neutrophils that cause
inflammation and the release of Major Histocompatibility
Complex (MHC). This phenomenon causes damage to epithe-
lial cells through cytotoxic T cells (CD8+), Interleukin (IL)
such as IL-2, IL-6, IL-10, and IL-1B. Gamma delta (y©) T
lymphocytes are important in the release of antibodies
mediated by cytotoxic reactions in the epithelium of the oral
mucosa."® The factors affecting the inflammatory processes
during RAS are described in Figure 2.

1. Premonitory
(Pre-aesthesia)

O
Mast cell

Discussion
History

The first publication of a new adhesive polymer application for
oral ulcer and a periodontal preparation is an adhesive dressing
of butyl cyanoacrylate.'* The dressing was applied to the
human oral cavity using a “spray gun”. This preparation was
made to reduce the pain or discomfort in the oral mucosa, and
repair the mucosal tissue in patients with periodontal disease,
canker sores, leukemia ulcers, and following local extractions.
This compound has the specific moiety CH,=C(CN)-COOR,
which acts as a hemostatic agent by entering and absorbing
into the tissue through phagocytosis by histiocyte cells.'*
Butyl cyanoacrylate forms thin films that cover the surface
of oral mucosal ulcers; therefore, oral fluids, food, and bacteria
seep between the covering agent and healing tissue.
Additionally, butyl cyanoacrylate also has potential as a surgi-
cal dressing, based on its property of inhibiting staphylococcus
growth.”

Drug Delivery Systems for Recurrent
Aphthous Stomatitis

Various DDS for mouth preparations have been developed
over the years. Sixty-two articles that studied various types
of drug delivery systems for RAS treatment are described
in Table 1. The DDS in the articles were classified into

e
Cytotoxic T Cells CD 8+

e

Helper T Cells CD 4+

<« (e

Th1: IL-2, IL-12, IFN-y, TNF- a
Th2:IL-4, IL-5, IL-10, IL-13

- Cytokines transcription
- Molecules adhesion
- Pro-inflammation mediator

]_T

NFKB e —

Figure 2 Inflammation process induced Recurrent Aphthous Stomatitis (RAS).
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four different preparation forms, specifically liquids, semi-
solids, solids, and miscellaneous.

Liquids

This review found that 14 (22.58%) of the DDS for RAS
were in liquid form (Figure 3). The liquid forms often used
for RAS are mouth rinse/mouthwashes, oral liquid, lotion,
and inhaler.

Mouthrinse/Mouthwash

Mouthwash is common preparation for RAS treatment for
a long time. LA, a well-known brand of mouthwash in
Indonesia, containing an antiseptic in aqueous solution,
was first studied in 1991.% To date, this preparation form
was still chosen because it is easy to apply and spread in
the mouth.'®"?

Mouthwash is a non-sterile medicated solution used for
gargling and rinsing the mouth. Mouthwash is an aqueous
solution containing alcohol in various concentrations
between 18% and 26%. Mouthrinse/mouthwash is one of
the carriers for the topical oral drug due to its spreadability
into the deepest surface in the oral cavity.®'*** Several oral
disruptions necessitate the use of some mouthwash due to
its deodorant, refreshing and antiseptic effects. An odor-
less mouthwash is often used for a periodontal disorder or
the treatment of secondary oral infections. Mouthwashes
are commonly designed to deliver antimicrobial agents (to
reduce oral bacteria) and topical anti-inflammatory agents,
as well as to remove remaining food in the mouth, act as

6162 while

topical analgesics, and prevent caries (fluoride),
the cosmetic mouthwashes are used to remove oral debris
before or after brushing, to cover unpleasant odor, dimin-
ish microbes, and refresh the mouth with a pleasurable
taste.®

Mouthwash has been used as a vehicle for both herbal
or synthetic active ingredients, such as Rosa damascena,®

Zataria multiflora, essential oils,** and lactic acid.®

miscellanous

Figure 3 The number of preparation form used in DDS for Recurrent Aphthous
Stomatitis (RAS).
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A mouthwash of 0.2% chlorhexidine gluconate inhib-
ited plaque growth and decreased stain on the teeth.'> A
mouthwash containing 0.25 g/10 mL chlortetracycline
(Aureomycin®™) decreased the number of ulcers and alle-
viating the sores.”> Minocycline 0.2% and tetracycline
0.25% improved pain control significantly by decreasing
the duration and variation of pain.®®

Oral Liquids

Oral liquids have been used to deliver the herbal in topical
administration for RAS. The mechanisms were similar to
mouth rinse/mouthwash. Oral liquid is different from
mouthwashes because the oral liquid is not thrown away
after gargling the oral cavity, but swallowed to get the
systemic effect as an anti-inflammation.®”-%*

Pudilan Xiaoyan Oral Liquid (PDL) is a Chinese
that is “Pudilan”

Traditional Recipes, which is recorded in the Chinese

patented medicine described in
pharmacopeia.'” PDL is composed of Bunge Corydalis

(Corydalis  Bungeana), Indigowoad Root  (Isatis
Indigotica), Scutellaria Amoena (Scutellaria Baicalensis),
and Mongolian Dandelion (Taraxacum Mongolicum). The
last study in vitro and in vivo suggested the antiviral effect
of Pudilan Xiaoyan oral liquid against Covid-19.°® PDL is
a traditional anti-inflammatory medicine that can reduce
pro-inflammatory mediators, such as NF-«f, IL-10, and
TNF-B."” PDL was also studied in RAS patients, demon-
strating that the curative effect of Pudilan was significant,
shown through reduced healing times and pain relief with-

out any adverse reactions.®’

Lotions

Lotions are emulsified solutions generally intended for
external application. Lotion is formulated by an addition
of some excipients, such as:

e Alcohol, as co-solvent and coolant

e Humectants, to keep moisture after application, such
as glycerol

e A vehicle, purified water

e Buffer, to maintain pH

e A preservative can be used in lotions because the
formulation is a suspension or emulsion

e A Stabilizer or suspending agent, to maintain the
stability of the formulation'

Lotions may contain some polymers as a suspending
agent. The polymer can adhere to the oral mucosa and

increase the retention time of the drug in the oral cavity.'®'?

Lotion has been used as DDS for mometasone furoate in
RAS preparations, as this preparation is easier to apply than
gels or pastes that have problems adhering to the mucosa.'®

Inhalers
The interaction of mucin and water-soluble polymer
underlying the development of mouth inhalers for
aphthous ulcers. Mucin, which covers all surfaces of the
oral mucosa, has the potential to be used to deliver the
drug and retained in the oral cavity. Inhaler preparation has
been used to deliver corticosteroid into the oral mucosa.
Patients were advised to use an inhaler directly over the
lesion and deliver the dose. The polymers such as chito-
san, gum, amylose, and cyclodextrin have been investi-
gated for sustained drug delivery system.®

This preparation was chosen to deliver Irsogladine
maleate for oral ulcers because the common preparation
such as mouthwash sometimes induces nausea and
vomiting.”® Therefore, inhalers were the better choice to
deliver the drug without contact with the ulcer.®’

Triamcinolone acetonide inhaler was used to treat RAS
ulcers of HIV patients because they do not need help from
the pharmacist to compound the drug or a nurse to apply
the drug.°

The spreadability of the inhaler will cover almost all
oral surfaces, mainly the oral ulcer. The drug is not readily
absorbed, but adhering in a sufficient time over the
mucosa. This interaction will prolong the retention time
of the drug in the ulcer to promote the healing process.?’

Semi-Solids

There are 26 (41.94%) articles regarding RAS preparation
in semi-solid form (Figure 3). These preparation forms
consist of gel, paste, patch, cream, and ointment. Semi-
solid form was chosen because the use of polymers
increases the residence time at the oral mucosa compared
to liquid which rinses quickly because of the effect of
“saliva wash out”.

Gels
Gels are a semi-solid preparation that has a spreading
ability and a cooling effect due to the humectants in the
preparation. Gels form a three-dimensional network by
interactions between colloidal particles and the vehicle.
Gel can use aqueous, non-aqueous, hydroalcoholic, or
alcohol solution as the vehicle."”

Hyaluronic acid was discovered as a hydrophilic poly-
mer in 1934 and it is now widely used in dermatology,
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ophthalmology, and rheumatology. HA is used as an active
ingredient in dermatology for treating edema and wounds
due to its anti-inflammatory activity.”>’" Additionally, HA
is also used as a vehicle for topical DDS.”?

HA is applicable in wound healing due to its anti-
inflammatory effect. One study investigating the effect of
a 0.2% HA gel preparation on RAS resulted in a healing
effect on the RAS ulcers.”?>>* HA gels 0.2% covering
around of oral cavity to protect the ulcer from the envir-
onmental effect such as saliva, food, etc.2!"** The topical
gel of HA formed a barrier over both minor and RAS
herpetiform ulcers, resulting in decrease of pain and faster
healing times.*'**7

This mechanism is also applied in the gel containing
HPMC to deliver CsA-loaded SLNs at the ulcer site. CsA
SLNs were made to increase the drug delivery at the ulcer
site. Poloxamer was added as a thermoreversible polymer
to gel-sol transition when the hydrogel was applied to the
oral ulcer.”'**

Aslani et al developed an oral gel containing a flower
extract from Punica granatum. The oral gel was made by
using two cellulose polymers, i.e CMC-Na, and HPMC.
Carbomer 934, triethanolamine, potassium sorbate, poly-
ethylene glycol (PEG) 400, ethanol, gallic acid, and
sodium carbonate were used as excipients in the
formulation.”* The use of cellulose polymer (HPMC and
CMC-Na) in combination with Carbomer will increase the
mucoadhesive ability of the preparation. The combination
of HPMC and CMC-Na prolongs the drug release time
compared to each gel preparation. Carbomer was added as
a mucoadhesive agent by localizing the drug absorption
resulting in a higher drug concentration at the ulcer. Thus,
the combination of these polymers increases both retention
time and drug concentration at the site of the ulcer.”> 2’

Mucoadhesive buccal gels are intended to provide a
comfortable preparation when applied to RAS ulcers at the
mucus membranes, including the tongue, gingiva, lips, and
cheek. HPMC is used as a mucoadhesive agent to deliver
benzydamine hydrochloride as an oral antiseptic by adher-
ing and controlling the drug release in the mucosa.’”*®
The other cellulose polymer used in RAS therapy is hydro-
xypropylethylcellulose (HPEC).?® This gel was used as the
DDS for Aloe vera and myrrh due to its mucoadhesive
properties and control of the drug release.?®*®

Topical drug preparations for RAS treatment, such as
ointments, patches, mouthwashes, and other topical DDS,
are recommended due to the systemic effects.'*”> Some

studies have been conducted for this purpose, such as the

use of mucoadhesive agents as a vehicle of the drug to
allow sufficient time for the drug to activate its therapeutic
effect.”®”’

Mucobioadhesive gels may contain herbal ingredients
available in traditional Iranian medicine. One of these
herbs is the ginger extract, intended to relieve the pain
associated with RAS ulcers. Mucobioadhesive bases are
made by using tragacanth gum and adding alcohol, sodium
benzoate, and distilled water. Ginger is extracted in alco-
hol and then dried and mixed with the base. Tragacanth
gum is a hydrophilic colloid that can imbibe the amount of
water resulting in the porous composite form resulting in
the gradual release of the drug in the site of action.”>’®

Orabase containing Curcumin 5% is similarly effective
to triamcinolone acetonide 0.1% for RAS ulcer therapy.
Curcumin has anti-inflammatory effects through inhibition
of both cyclooxygenase and lipoxygenase, resulting in
regulation of iINOS function. Curcumin decreases the
release of TNF-a, IL-1B, and IL-6. Other studies have
shown that curcumin gel 1% and 2%, are effective for
RAS therapy. Curcumin extract was incorporated into
mucoadhesive orabase to increase the adhesiveness of the
preparation with oral mucosal in a sufficient time to give
the therapeutic effect at the ulcer site.”®

Pastes

The paste was made using a DDS for a Diosmectite and
basic Fibroblast Growth Factor (bFGF). Diosmectite was
added as a carrier to control the release of bGF at the
mucosa. When the paste is applied to the ulcer, Diosmetit
forms a film as a protective agent covering the ulcer from
the physical and chemical effects. Diosmetit is also able to
absorb other factors of RAS such as microorganisms and
toxins.*” In combination with HPMC, this preparation will
increase the retention time at the oral mucosa and control
the drug release.”

Amlexanox 5% in an oral paste decreases the healing
time of RAS ulcers through its anti-inflammatory activity.-
3132 The oral paste containing Amlexanox was designed
as a new alternative for RAS treatment. CMC-Na was used
as a base in the oral paste because the presence of sodium
ions leading to crosslinking in the polymer to form the
polyelectrolyte complex and increase the water uptake into
the molecule, called the Donnan effect.?® The combination
with methylcellulose (MC) increases the activity of this
preparation, because MC is a thermoresponsive polymer
that constructs the phase-transition to the stronger adhe-
siveness of the preparation.®

Drug Design, Development and Therapy 2021:15

4079

Dove:


https://www.dovepress.com
https://www.dovepress.com

Suharyani et al

Dove

A buccal paste containing propolis was made using
beeswax, pectin, and CMC as a base, and the other exci-
pients, including methylparaben, propylparaben, gelatin,
ethanol 96%, olive oil, and sesame o0il.** Pectin was
added to CMC paste to control the drug release. When
CMC swells, the drug will go out from the DDS rapidly. In
the presence of pectin, the drug will be released in a
controlled manner to maintain the effect of the drug at
the ulcer site with sufficient time.®!

Licorice is an Iranian herbal medicine widely used to
relieve pain and decrease the necrotic zone of RAS ulcers.
Topical steroids are still the best choice for RAS therapy;
however, there are several side effects associated with
their use, including systemic absorption, fungal infection,
and mucosal disruption. Licorice contains glycric acid,
which can inhibit the enzymatic action of cyclooxygenase
and lipooxygenase. Besides this, licorice can inhibit the
production of Reactive Oxygen Species (ROS) and pre-
vent the cell immigration process, leading to the inhibition
of the metabolism of arachidonic acid. All of these
mechanisms result in a decrease in inflammation.*®"
Licorice extract was suspended in gelatin to form a matrix
system contains CMC and pectin which controlled the
drug release at the ulcer site. CMC can swell rapidly,
allowing the drug to be released gradually in an extended
time.®' The evaluation demonstrated that this topical pre-
paration has a faster healing and significant beneficial
effect on pain therapy and ulcer size, without any side
effects.’®

In other paste, gelatin was added to CMC-gelatin to
increase the adhesiveness in the oral mucosa. This pre-
paration is called oromucoadhesive paste.’” The paste was
made with the addition of Plastibase™. Plastibase®™ is made
by using mineral oil and polyethylene in a ratio of 95:5,
respectively. In this formulation, Plastibase™ is made with
HDPE and LDPE.*” The first step in designing a formula-
tion to get the optimum concentration of Plastibase®. The
next step was the pre-formulation stage, to get the opti-
mum concentrations of CMC-Na, pectin, and gelatin.’’
Gelatin was used as a matrix system in this DDS. With
the combination with pectin, the drug release will be
controlled at the ulcer site to maintain the effect of the
drug in a sufficient concentration and time.®'

In addition, the toothpaste facilitates the DDS for RAS
management. Pudilan Keyaning Toothpaste (PKT) is a
toothpaste containing Pudilan Keyanning extract with
sodium-CMC as a base. PKT is made through the addition
of other herbal ingredients, such as propolis, gallnut, Isatis

root, dandelion, Scutellaria baicalensis, and Bunge cory-
dalis, which have already been used for long periods in
traditional Chinese medicine.>** Furthermore, Pudilan
Keyaning applied in toothpaste has potential use in the
treatment of RAS ulcers. CMC-Na was used as a base in
this delivery system to increase the healing effect of
Pudilan Keyaning. CMC-Na as a base and other excipi-
ents, including polyethylene glycol, sodium lauryl sulfate,
glycerol, xanthan gum, glucide, sorbitol, silica gel, silica
gel type 203, silica gel type 153, flavors, soluble propyl
hydroxybenzoate, nipabutyl sodium, and sodium hydrate.
Pudilan Keyaning showed increased healing rates of RAS
ulcers by accelerating the water absorption into the paste
to swell. When the paste swells, the drug starts to be
released from the preparation, thus, acts directly on the

site of the ulcer.?®33

Patches

Bioadhesive patches containing licorice were studied for
RAS treatment.*® Tragacanth gum was used as a base
resulting in significant reduction of the ulcer size.*’
Licorice bioadhesive patches have mechanical properties
to protect the ulcer and anti-inflammatory activity.”® When
the dry patches are applied to the surface of RAS ulcers on
the mucosa, the patches come in contact with saliva,
causing them to swell and form a bioadhesive hydrogel
layer that directly adheres to the ulcer.** !

Nicotine patch was formulated by using polyacrilex
gum and provides a prolonged time of constant drug con-
centration in the blood. Treatment using a 14 mg nicotine
patch every 24 hours decreased the duration of RAS
ulcers. After a month, the respondents stopped applying
the patches and several ulcers appeared within a week.
However, when the patch was used, these ulcers quickly
disappeared.®*®

Oral patches containing Myrtus communis (myrtle)
were developed by the combination of gelatin, pectin,
PVP, and MC.>* Mucoadhesive oral patches consisting of
myrtle were made using the solvent casting method.*® MC
combined with polyvinyl pyrrolidone PVP to release the
drug faster. The excessive swelling ratio caused by PVP is
inhibited by the addition of gelatin and pectin. Pectin also
increases the tensile strength, while gelatin has the oppo-
site effect. The combination of MC, PVP, gelatin, and
pectin in the myrtle patch resulting in a disintegration
time of up to 24h and more.>?

Electrospun mucoadhesive bilayer patches of clobeta-
sol-17-propionate were made by using electrospinning
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equipment with certain specifications for the syringe
pump, power source, voltage, flow rate, etc.?” The
mucoadhesive bilayer patch is composed of eudragit and
PVP as a base. Polycaprolactones in dichloromethane:
dimethylformamide (90:10 vol%) was used as a backing
layer. In vitro study showed that this DDS resulted in the
drug release up to 80% at 6 hours and in vivo residence
time of about 3 hours. Eudragit in the patch causes the
swelling to occur quickly but is able to release the drug in
a long time. The backing layer is adequate to hold the
preparation for a prolonged time at the ulcer site.*’

The popularity of MDFs has increased due to their
wide and varied advantages and the convenience to use
in pediatric and geriatric patients. Most of the polymers
used in MDFs are an amorphous dispersion of active
substances tangled up in the matrix. The other advantages
are enhanced patient compliance and decreases the pro-
duction cost.*® This preparation was made to release the
drug faster. When this preparation makes contact with
saliva, the system swells rapidly without the addition of
water. The swelling matrix will release the drug into the

ulcer at a certain time.®®

Creams

AphtoFix® is a film-forming cream that has protective
properties similar to the previously discussed adhesive
properties that increase the healing process of mouth
ulcers. This preparation is a new formulation of oral
ulcer cream that has been studied by Sakly et al.*’

The advantage of this preparation is that AphtoFix®™
has adhesive properties due to the application of cellulose
gum and a calcium/sodium-methyl vinyl ether, maleic
anhydride copolymer, along with some physical property
modifications used to make the saliva creating a thin and
elastic pad that covers the sores. The cream application
enables the drug to create a protective layer and remain
resident as a layer over the site of the ulcer for a prolonged
time.*

Ointments

Clobetasol propionate was used in the study of ointments
because of its high corticosteroid potency in topical appli-
cations. Based on this benefit, clobetasol propionate was
delivered in the ointment preparation form.*® The DDS
was made by mixing the drug with an adhesive paste
(Orabase). In oral disorders such as RAS, 0.05% clobeta-
sol propionate ointment is incorporated into a base of
orabase paste.®> The orabase was used as a mucoadhesive

agent to cover the oral surface. The adhesive paste is
incorporated in ointment to get a better protective effect
at the oral mucosa via increasing adhesiveness resulting in
the prolonged retention time at the oral ulcer.>

Solids

In this review, only 16 (12.90%) solid forms were used in
RAS preparation. Solid forms are often used as DDS for
RAS treatment including powder, granule, and tablets.

Powders

A fundamental theory of traditional Chinese medicine is
that disorders in the oral mucosa may be caused by exo-
genous pathogenic toxins, excessive fire due to the lack of
Yin, reducing the heat and inflammation. One of the tradi-
tional Chinese medicines suggested to play a role as a
curative agent is Kouchuang Xiaotong powder, which is
against heat, as well as detoxifying and eliminating inflam-
mation, relieving pain, and eliminating the saprophyte.
The main components of this powder are talcum, dragon’s
blood, and borneol. The preparation is applied in an appro-
priate amount with a cotton swab, by gently sweeping the
ulcer area 3 times a day. Studies show that Kouchuang
Xiaotong powder significantly relieves the pain and elim-
inates the local inflammation of ulcer while activating the
microcirculation of local blood to trigger healing of the
ulcer.*!

Granules
Koukining is a traditional medicine in China that has been
used for a long time to medicate mouth ulcers. Koukining
is composed of rhizoma coptidis, radix scutellaria, and
other Chinese herbs. In this preparation, Koukining gran-
ules were made by wet granulation technology. The pre-
paration of the granules was controlled to ensure the stable
quality of the final products. Treatment of RAS ulcers with
these granules was shown to be effective and worthy of
clinical application.*?

Granules were used as a drug delivery system as a
carrier to deliver the herbal extract at the ulcer site. This
system was built to get the sustained release drug.*’

Tablet

The oral adhesive tablet of Amlexanox was used to treat
mouth ulcers. The adhesive oral tablets were selected as a
vehicle for the delivery of RAS drugs such as Amlexanox
because they are easy to apply and carry a favorable taste.*’
The tablet was designed to adhere to the surface of the oral
mucosa. The interaction at the oral surface will result in the
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sustained release of the drug in a prolonged time.** The
clinical study showed that this new tablet system was effec-
tive both at decreasing the size of the lesions and the degree
of erythema and at reducing the exudation level of the ulcer
and alleviating pain.

The other study using Resveratrol as a prophylactic
agent against inflammatory lesions in the oral cavity. The
permeation study verifies the diffusion character of this
drug into the buccal mucosa and predicts human behavior
in vivo. The drug delivery system was designed to hold the
drug on the oral surface and avoid the drug entering the
systemic circulation.®

Lozenges

Lozenges containing nicotine were studied for oral and
genital aphthae. The treatment began with an initial daily
dose of 15 mg nicotine for 12 weeks, displaying no
adverse effects. Nicotine therapy was recommended in
oral RAS treatment due to its protective effects through
increasing oral mucosal keratinization, decreasing the pain
and microbial infection.***° In some RAS patients, the
treatment failed, resulting in side effects, including sys-
temic effects. Nicotine lozenges were developed for sys-
temic therapies because they are easy for patients to get
over the counter at pharmacies or supermarkets. Nicotine
lozenges available in two doses are 2 and 4 mg or mini-
lozenges with the lower doses of 1.5 and 4 mgn.** Based
on its molecular properties, nicotine acts to promote muco-
sal adhesion, angiogenesis, epidermal repair, wound heal-
ing, and reduced inflammation. The inflammation is
reduced via two mechanisms:

e Regulating the expression of vascular EGF.
e Modulating the release of pro-inflammatory media-
tors due to local immune responses.**

Troches

Troches are the other DDS for RAS treatment that has
some benefits. In an ethnic Chinese cohort, this prepara-
tion decreased the ulcer size and level of pain in RAS
patients. Penicillin G potassium troches contain 50 mg of
magnesium stearate as a base, with the addition of other
excipients. Almost all topical preparations stimulate secre-
tion of saliva and wash out from the oral mucosa.
Compared to other preparation forms, troches are com-
monly applied in RAS management. Study results demon-
strate that the topical use of penicillin G potassium troches
is able to reduce ulcer size and alleviate pain associated

with RAS ulcers.*> The presence of saliva will initiate the
wetting of the troches and soluble the drug gradually at the

mouth in a prolonged time.*’

Film

Films have been used as one of the new preparation forms
for RAS therapy. There are 8 (12.9%) articles describing
the formulation and application of film in oral ulcer. A film
can be developed into mucoadhesive preparation because
the polymer base is able to adhere and swell when in
contact with the mucosal surface resulting in the increase
of residence time and prolonging the drug release.”’

The major purpose of RAS management is to reduce
the ulcer size and pain. The level of pain is a single
indicator that relates to the size and clinical condition.
This drug delivery system was used to deliver the drug
into the oral mucosa using the adherence ability of a
polymer to the mucosal surface of the mouth.”

An example of this preparation is mucoadhesive film of
triamcinolone acetonide. Preparations of triamcinolone
acetonide mucoadhesive films are made using the solvent
casting method and consist of two layers. The first layer is
made of combinations of HPMC, K4M, and K15M, with
chitosan and Eudragit RL100 and the addition of glycerin.
Propylene glycol is added as a plasticizer. The second
layer contains ethyl cellulose. This DDS demonstrated
high flexibility and maximum adhesion to the mucosa;
however, almost all the films shrank. The formula contain-
ing HPMC KI15M produced a zero-order drug release
pattern. On the other hand, formulations containing chit-
osan followed non-Fickian zero-order release kinetics.
Compared to chitosan and HPMC, Eudragit was less adhe-
sive to the mucosa.”® Eudragit in the film will result in the
swelling to occur quickly, allowing the release of the drug
in a controlled manner by HPMC as a rate-controlled
polymer.*****7 Strong mucoadhesion occurs by chitosan,
which has a positive charge interacting with sialic acid in
the mucosal surface.”

Buccal mucosa is one of the mucoadhesive regions
with potential for topical drug delivery. Mucoadhesive
buccal films have been made using hydroxypropylmethyl-
cellulose as a base and benzydamine hydrochloride as the
active ingredient, a drug that has been used for a long time
to treat RAS. This preparation was equipped with a back-
ing layer containing ethylcellulose and the preparation was
evaluated for ex vivo mucoadhesive time, mucoadhesive
power, and in an ex vivo medication penetration study.
The presence of HPMC as a polymer base causes the
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preparation to have sufficient physicochemical properties
to provide a prolonged residence time of the drug on the
surface of the buccal mucosa, while the backing layer
holds the preparation for a prolonged time at the ulcer
site. 4

Buccal bilayer mucoadhesive films have been made
using sodium alginate in addition to gellan gum. These
films also contain 1 mg of prednisolone sodium phos-
phate. Formulation of these films was done using the
solvent casting method. The film is a bilayer thin film
with sufficient flexibility for enough water-absorbing
ability, mucoadhesive activity, and possesses good
The

released following non-Fickian diffusion. In vivo eva-

mechanical characteristics. in vitro drug is
luation in rabbits with induced oral ulcers demon-
strated that application of this preparation once daily
for 4-5 days was completed the healing process and
the ulcer disappeared. Histological analysis showed
that the

evaluation.”’ The combination of sodium alginate and

inflammation  disappeared during the
gellan gum enhances the mucoadhesive property and
water absorption. The film swells and releases the drug
into the ulcer at a prolonged time.”!

The hydrogel film is the latest preparation form
that was made for RAS therapy. The combination of
two mucoadhesive polymers, i.e. sodium alginate and
chitosan were used as the drug delivery for a-mangos-
tin. o-Mangostin is one of the xanthones that was
isolated from mangostin rind (Garcinia mangostana
L.), one of the Indonesian native plants, which has
been used in traditional medication. One of a-
Mangostin activity is an anti-inflammation leading the
use of this compound in RAS management.'® Sodium
alginate and chitosan are used as a matrix to deliver a-
mangostin for RAS therapy on the oral surface.
Chitosan act as a cation which leading the polyelec-
trolyte complex formation with sodium alginate. a-
mangostin was entrapped in the matrix system, and
released from the hydrogel film when the film swel-
ling. When the hydrogel film is in contact with saliva,
the film will adhere to the oral surface because of the
interpenetration of sodium alginate molecule, but not
readily disappear because of the presence of chitosan
increasing the retention time through the interaction of
chitosan with sialic acid in the oral mucosa forming a
gel that covers the RAS ulcer in an extended time to

1
release a-mangostin.'®

Miscellaneous

Adhesive Alginates

As recent as 2019, alginate adhesives have been developed
for buccal aphthae drug delivery to increase drug retention
time in the oral mucosa. An adhesive alginate scaffold is
made by adding EDAC as a coupling agent to bind to
L-cysteine. EDAC has a primary amino group with cations
that interact with the carboxylic groups of alginate mole-
cules. EDAC 50 mM was mixed with 1% alginate; then,
hydrochloric acid (HCL) was added at a concentration of
0.1 M to adjust the pH to approximately 6.0. The polymer
obtained was then dialyzed using a Nadir® membrane to
separate excess unbound sulfhydryl anions; the excess was
first washed off with water containing 1 mM HCI, then
washed twice using 1 mM HCI and 1% NaCl, and, finally,
washed five times using 1 mM HCI. Furthermore, the
samples were lyophilized at a temperature of —30°C and
pressure of approximately 0.01 bar. The resulting lyophi-
lisate was stored at 4°C. Sulthydryl anchored alginate was
formed by amide bonds through covalent bonding between
the alginate and L-cysteine, with the presence of EDAC as
a coupling agent.’

This modified alginate was applied in an oral disc
containing ambroxol as a model. The disc was formed by
a single-punch eccentric press (Paul Weber, Germany).
The disintegration time of this preparation showed that
sulfhydryl anchored alginate disc was prolonged about
3.52-fold and the bioadhesive was improved 11.56-fold
compared to the native alginate. The release of ambroxol
revealed 1.4-fold while the permeation was increased
1.89-fold compared to the native alginate.’”

Dentifrice

Zendium is a dentifrice containing enzymes. Zendium
formulated in dentifrice form as a vehicle to carry both
glucose oxidase and amyloglucosidase enzymes. Zendium
was made by the addition of sodium fluoride at a concen-
tration of 1000 ppm. The resulting pH of this preparation
is 5.9, while the pH of placebo containing 1000 ppm of
sodium fluoride without enzymes is 6.4, in the range of
normal pH of saliva.”® The abrasive effect of the prepara-
tion will result in better drug delivery at the ulcer site.”

Disc

The OraDisc™ is one of a patch that is used to deliver
2 mg of amlexanox for oral ulcers due to the anti-
inflammatory activity. Amlexanox OraDisc™ is a new
formulation that was developed from 5% amlexanox
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paste. OraDisc™ is a bioerodible mucoadhesive patch
designed to increase drug release at the target site. This
preparation forms a thin and flexible film, containing a
backing layer and a drug layer with mucoadhesive abil-
ity. The preparation is approximately 1.5 cm in diameter
and contains 2 mg of amlexanox. The active site of the
disc is layered to adhere to and cover the oral mucosa
with complete dissolution in <60 minutes. The patch is
swollen by the end of the process and is removed via
washing with salivary fluid.>*

Membranes

The membranes were made as a vehicle to deliver beta-
methasone valerate (BMV) in an oral topical preparation.
This dosage form was made by the addition of PVP and
propylene glycol to a chitosan membrane. The membrane
was made using the solvent evaporation technique.
Chitosan was dissolved in a 2% acetate acid solution and
then mixed continuously for 24 hours. PVP solution and
propylene glycol were then added with continuous stirring,
and the pH was adjusted to approximately 5.0 using 1 M
NaOH.” The mixture was poured into Petri dishes and
dried in an oven overnight at 50 + 2°C. The membranes
were immersed in a 5% tripolyphosphate (TPP) solution
with a pH of about 5.0 and kept at 4°C for 1 hour. The
membrane was washed several times with water and dried
in a desiccator. Betamethasone-17-valerate (BMV) dis-
solved in 10% propylene glycol was then added to the
membrane. All membranes were evaluated using swelling
studies, thickness, XRD, DSC, SEM, mucoadhesive prop-
erty analysis, and in vitro drug release assays.”

The membrane was used to deliver BMV in RAS
treatment. The membrane will contact with saliva and
swelling in the oral surface. Mucoadhesion occurs by an
interaction of positive charge in chitosan with sialic acid in
the mucosal surface.”

Plates
Oral ulcer therapy is complex and local treatment options
include: decreasing local trauma, anesthesia, preventing
infections, fissures, and lesions, decreasing dysbacteriosis,
controlling phagocytosis and the regeneration process, surgi-
cal intervention of chronic fissures or excrescences, and
aiding the restoration process back to normal function. A
bioresorbable plate was built to deliver the active compound
which has one or several aspects above in RAS treatment.”®
Bioresorbable preparation is created using a combina-
tion of materials with other medicinal substances. This

preparation has a wide spectrum of anti-inflammatory
actions due to its complex ingredients and, thus, their use
is increasing. The bioresorbable plate “Farmadont” is a
DDS design based on collagen and herbal extracts. The
herbal medicinal plants used in this DDS are aloe, plan-
tain, chamomile, valerian, and arnica, with the addition of
digestase, which is a complex of proteolytic enzymes.>®

When the preparation comes into contact with moist
mucosa, the plate begins to absorb the saliva and gradually
changes into a gel that adheres to the mucosa. These plates
retain the drug on the oral lesions and protect them from
salivary environment. The release of both digestase and
plant extracts then occurs. Prolongation of action is
achieved by the disintegration period of plates in the oral
cavity, which is about 45 minutes to 2 hours. The remain-
ing plate does not need to be removed.>

Pellicles
“Pellicle” is the term given to an organic film that natu-
rally covers the surfaces of the teeth. The first research on
pellicles was done in 1893, when Alexander Nasmyth
observed part of a membrane floating on the surface of
the surrounding teeth in an acid reaction. Pellicles are a
protein film formed on the enamel surface through selec-
tive binding of the glycoproteins in saliva. This film pro-
tects the teeth from calcium deposition and is continuously
reformed after the tooth is cleaned or following chewing.’’
This cover is called a persistent dental capsule, while the
latter is called a pellicle.””®

Meng et al have used the term “pellicle” to refer to a
dental film containing amlexanox in their design of an adhe-
sive pellicle as a vehicle to deliver amlexanox to the oral
mucosa. This DDS results in a white lamellar film. The
pellicle was formulated using a mucoadhesive polymer of
CMC and HPMC in combination with carbomer and magne-
sium stearate as an excipient. These adhesive pellicles are
glutinous and thin, which allows them to adhere to the sur-
face of the oral mucosa more easily than a tablet.”®

The pellicles containing HPMC and CMC-Na formed a
gel. The gel will cover all the surfaces of the mucosa to
form a lamellar film. This film protects the ulcer from the
oral environment such as saliva, food, etc. The combina-
tion of CMC-Na and HPMC will increase the mucoadhe-

sive time of the film at the oral mucosa.’”>8

Liposomes
Liposomes have a spherical shape and consist of small
vesicles made from long-chain fatty acids, glycolipids,
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sphingolipids, membrane proteins, cholesterols, and non-
toxic surfactants. Liposomes display vesicular behavior
when dissolved in water: the phospholipids spontaneously
create closed structures with internal environments in aqu-
eous solutions via phospholipid bilayer membranes.
Liposomes are widely used as a DDS as they can be filled
with different types of molecules, such as proteins, small
drug molecules, nucleotides, and plasmids.””*®

A major problem in the treatment of RAS is penetra-
tion of sufficient drug concentrations in the oral mucosa
while avoiding systemic drug effects.’®*" Other studies
comparing drug release between liposomes and creams
have found that liposomes retain higher amounts of a
drug in both the dermis and epidermis with lower concen-
trations passing into the subcutaneous tissue and plasma,
thus the drug concentration in the urine is very low.*

On the other hand, conventional preparations result in
shorter
Liposomes were developed to increase the concentration

higher drug concentrations over periods.

of the active ingredients at ulcer sites; incorporating lipo-
somes into the gel provides better treatment.’***°

Farshi et al 1996 designed a gelosome, a liposome in a
gel, containing dexamethasone sodium phosphate (DSP) to
enhance the drug concentration at the oral mucosal.
Liposomes as drug carriers are made by mixing the lipids
into chloroform until the lipids are completely solubilized.
The chloroform is then removed from the solution using a
rotary evaporator. When the solvent is removed from the
system, a dried thin lipid film remains on the surface of the
flask wall. The film is then moisturized using 10 mL Tris
buffer solution at a concentration of 10 mM and pH of 7.4
at a temperature of 65°C. The solution is then shaken and
vortexed for 1 minute. Next, the liposomes are separated
using an ultrasonicator for 30 min and the mixture is then
allowed to stand for 3 hours. The DSP liposomes are
separated using ultracentrifugation at 13,500 rpm for 45
minutes, and this ultracentrifugation process is repeated
three times.””

The next step is the incorporation of the liposomes into
the gel, called a “gelosome”. Gelosomes are prepared using
1% Carbopol 940 (Kodak) in distilled water as a gel-form-
ing agent. 1% w/w Carbopol was mixed with water and
stirred using a magnetic stirrer. 0.5 mL 10% NaOH was
added to neutralize 1 g of Carbopol. The Gelosome was
made by mixing the gel and liposomes in a 1:1 ratio.””

Liposomes display vesicular behavior when dissolved in
water: the phospholipids spontaneously create a closed
with internal environments in

structure aqueous

solutions.””*® The drug was entrapped in the liposomes
and incorporated in the gel base containing Carbopol.
Carbopol was used as a matrix to deliver the liposomes at
the oral ulcer.”

This preparation was examined in patients resulting in
faster ulcer healing times compared to patients treated with
Kenacort Orabase Ointment.”® Liposomal encapsulation
can also be used to deposit drugs in the oral mucosal
epithelium.'® The gel will adhere to oral mucosa for a
prolonged time while the drug is released from the

liposome.>>->%-6°

Future Perspective

RAS ulcer is initiated when a part of the oral cavity feels
burning (pre-aesthesia) as the first inflammation process
and the mast cells are released. The mast cells stimulate
Nuclear Factor Kappa B cells to enter the mitochondria
and stimulate the cytokines transcription, molecules adhe-
sion (metalloproteinase/MMP 8 and MMP 1), and pro-
inflammation mediator (Thl: IL-2, IL-12, IFN-y, TNF-a;
and Th-2: IL-4, IL-5, IL-10, IL-13). TNF-a is the main
cytokine that causes acute inflammation and MHC expres-
sion. MHC stimulates the cytotoxic cells CD 8+ resulting
in ulcers at the mucosal epithelium. The liberation of
Helper T cells CD 4+ proposed the healing process. On
the other hand, the release of Nitric Oxygenase (NOX)
modulates the presence of ROS as a homeostatic role in
normal physiology, proposing a healing process of the
ulcer (Figure 2).

The objective of RAS therapy is to decrease the inflam-
mation process of the ulcer. Several drugs and polymers
were developed to study their activity in RAS manage-
ment. The development of DDS for RAS treatment aims to
increase the residence times of therapeutics at the sites of
ulcers, to release sufficient concentrations of the drug onto
the ulcer, and to relieve pain. However, a common barrier
to oral mucosa drug delivery is known as “saliva wash-

T3]

out”, which causes treatments to be ineffective as the
drugs are readily rinsed away soon after application. To
solve this problem, several studies have been conducted
aiming to improve the residence time of drugs on the oral
mucosa. Almost all the studies modified the DDS in oral
mucosa to increase the healing effect of RAS preparation
through the combination or modification of polymer as a
vehicle. The mucoadhesive preparation was applicable for
both natural and synthetic drugs for RAS therapy, resulting

in a faster healing time and decrease inflammation in RAS
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ulcers. The preparation should be comfortable and easy in
application.

Conclusion

Various preparation forms for RAS treatment have been
developed containing both active substances and excipi-
ents. The excipients used in RAS preparations play multi-
ple roles in either delivering the drug to the target site or
providing a healing effect based on their adhesiveness and
ability to cover the oral mucosal. The objective of this
review is to study the development of the various prepara-
tion forms used as RAS treatments from 1965 until
February 2020. There are several publications regarding
RAS, but there are few articles discussing the several
dosage forms for RAS. Most of the published articles
scrutinize the clinical study of some DDS for RAS without
discussion about the formulation, evaluation and Dof their
preparation. The most favorable DDS for RAS preparation
is semi-solid forms, which include 5 types of DDS.
Meanwhile, solid forms have 4 types of DDS and liquid
forms has 4 types. Liquid, semi-solid, and solid forms
have been developed into new DDS, such as adhesive
alginates, Dentifrice, OraDisc, membranes, bioresorbable
plates, pellicles, and gelosomes. These preparations are
designed to improve the drug delivery and drug activity
for the treatment of RAS ulcers, but almost all the DDS
are topical preparations that use various types of mucoad-
hesive polymers to increase both drug residence times and
the relief of pain associated with RAS ulcers.
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