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Abstract

Mucoadhesion can be defined as a state in which two components, of which one is of biological origin, are held
together for extended periods of time by the help of interfacial forces. Among the various transmucosal routes,
buccal mucosa has excellent accessibility and relatively immobile mucosa, hence suitable for administration of
retentive dosage form. The objective of this paper is to review the works done so far in the field of mucoadhe-
sive buccal drug delivery systems (MBDDS), with a clinical perspective. Starting with a brief introduction of the
mucoadhesive drug delivery systems, oral mucosa, and the theories of mucoadhesion, this article then proceeds
to cover the works done so far in the field of MBDDS, categorizing them on the basis of ailments they are meant
to cure. Additionally, we focus on the various patents, recent advancements, and challenges as well as the future
prospects for mucoadhesive buccal drug delivery systems.
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INTRODUCTION

Oral drug administration is the preferred and most
common route for drug delivery. Several advantages
associated with it include: it is patient-friendly, pain-
less, has the ease of self-medication, and allows for a
flexible and controlled dosing schedule in comparison
to most other drug delivery systems. Although the oral
route is preferred for administration of drugs, it also
presents major disadvantages such as first pass effect,
gastrointestinal enzymatic degradation and delay be-
tween the time of administration and absorption, which
is detrimental in the case of drugs with rapid onset re-
quirements. These difficulties have provided the impe-
tus for exploring alternative routes for the delivery of
drugs, which include routes such as pulmonary, ocular,
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nasal, rectal, buccal, sublingual, vaginal, and transder-
mal. Transmucosal routes of drug delivery which is
comprised of the mucosal linings of the nasal, rectal,
vaginal, ocular, and oral cavity offer excellent oppor-
tunities and potential advantages over peroral adminis-
tration for systemic drug delivery" ™. These advantages
include possible bypass of first pass effect, avoidance
of presystemic elimination within the GI tract and, de-
pending on the particular drug, a better enzymatic flora
for drug absorption. Within the oral mucosal cavity,
delivery of drugs is broadly classified into two catego-
ries: (a) sublingual delivery, which is systemic delivery
of drugs through the mucosal membranes lining the
floor of the mouth and (b) buccal delivery, which is
drug administration through mucosal membranes lin-
ing the cheeks (buccal mucosa)” (Fig. 1).
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The buccal region of oral cavity is an attractive site
for the delivery of drugs owing to the ease of admin-
istration. Buccal drug delivery involves the adminis-
tration of the desired drug through the buccal mucosal
membrane lining of the oral cavity. This route is use-
ful for mucosal (local effect) and transmucosal (sys-
temic effect) drug administration. In the first case, the
aim is to achieve a site-specific release of the drug on
the mucosa, whereas the second case involves drug
absorption through the mucosal barrier to reach the
systemic circulation. Since the drug content within the
buccal formulations can be considerably lower than
tablets and capsules, toxicity or undesired side effects
will potentially be significantly reduced"”.

Theories of bioadhesion and mucoadhesion

Adhesion can be defined as the bond produced by
contact between a pressure-sensitive adhesive and a
surface. There are many different terminological sub-
sets of adhesion depending upon the environment in
which the process occurs. When adhesion occurs in
a biological setting it is often termed “bioadhesion”;
furthermore, if this adhesion occurs on mucosal mem-
branes, it is termed “mucoadhesion”. Bioadhesion is
defined as the state in which two materials, at least
one biological in nature, are held together for an ex-
tended period of time by interfacial forces'””.

Upper lip
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Lower lip

Fig. 1 Two main sites for drug delivery in the oral cavity.

For drug delivery purposes, the term bioadhesion
implies attachment of a drug carrier system to a speci-
fied biological location. Bioadhesion and mucoadhe-
sion have been widely promoted as a way of achiev-
ing targeted drug delivery to an active site of choice
through the incorporation of bioadhesive hydrophilic
polymers within pharmaceutical formulations along
with the active pharmaceutical ingredient (API). The
rationale being that the formulation will be ‘held’ on
or at the biological surface and the API will be re-
leased close to the absorptive membrane, with a con-
sequent enhancement of bioavailability*”.

Many theories have been proposed to describe
mucoadhesion, namely adsorption theory, wetting
theory, diffusion theory, electronic theory, and frac-
ture theory™'". In the “adsorption theory”, primary
and secondary chemical bonds of the covalent and
non-covalent types are formed upon initial contact
between the mucous and the mucoadhesive polymer".
The “wetting theory” is mainly applicable to liquid or
low viscosity mucoadhesive systems and is essentially
a measure of the spreadability of the drug delivery
system across the biological substrate'”. The basis of
the “diffusion theory” is chain entanglement between
glycoproteins of the mucous and the mucoadhesive
polymer to create a semi-permanent adhesive bond.
The “electronic theory” describes that adhesion occurs
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by means of electron transfer between the mucous and
the mucoadhesive system arising through differences
in their electronic structures. The “fracture theory” is
perhaps the most widely used theory in studies on the
mechanical measurement of mucoadhesion. It ana-
lyzes the force required to separate two surfaces after
adhesion is established"""”".

Anatomy of the buccal mucosa- considera-
tions for development of mucoadhesive buc-
cal drug delivery systems (MBDDS)

The primary role of the buccal mucosa, like the
skin, is to protect underlying structures from foreign
agents. The surface of the buccal mucosa consists of
a stratified squamous epithelium which is separated
from the underlying connective tissue (lamina propria
and submucosa) by an undulating basement membrane
(Fig. 2). This stratified squamous epithelium consists
of differentiating layers of cells (keratinocytes) which
change in size, shape, and content as they travel from
the basal region to the superficial region, where the
cells are shed. Light microscopy reveals several dis-
tinct patterns of maturation in the epithelium of the
human oral mucosa based on various regions of the
oral cavity. The epithelium, as a protective layer for
the tissues beneath, is divided into (a) non-keratinized
surface in the mucosal lining of the soft palate, the
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Fig. 2 A cross section of the oral mucosa.

ventral surface of the tongue, the floor of the mouth,
alveolar mucosa, vestibule, lips, and cheeks, and (b)
keratinized epithelium which is found in the hard pal-
ate and non-flexible regions of the oral cavity. The
epithelial cells, originating from the basal cells, ma-
ture, change their shape, and increase in size while
moving towards the surface™"”.

The basement membrane forms a distinctive layer
between the connective tissues and the epithelium. It
provides the required adherence between the epithe-
lium and the underlying connective tissues, and func-
tions as a mechanical support for the epithelium. The
underlying connective tissues provide many of the

. . 3
mechanical properties of oral mucosa'.

Mucus

The tissue layer responsible for formation of the
adhesive interface is mucous. Mucus is a translucent
and viscid secretion which forms a thin, continuous
gel blanket adherent to the mucosal epithelial surface.
The mean thickness of this layer varies from about 50
to 450 pum in humans'®. The thickness of the mucous
blanket is determined by the balance between the rate
of secretion and the rate of degradation and shedding,
and is site dependent"*’. This matrix may actually play
arole in cell-cell adhesion, also acting as a lubricant al-
lowing cells to move relative to one another. Similarly,
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mucus generally plays a critical role in the bioadhesion
of mucoadhesive drug delivery systems. Up to 70%
of the total mucin found in saliva is contributed by the
minor salivary glands. At physiological pH, mucus can
form a strongly cohesive gel structure that will bind to
the epithelial cell surface as a gelatinous layer. Mucus
is composed chiefly of mucins and inorganic salts sus-
pended in water. Mucins contain approximately 95%
water, 0.5-5% glycoproteins and lipids, 1% mineral
salts and up to 1% free proteins. Mucous glycoproteins
are high molecular proteins possessing attached oli-
gosaccharide units. The mucous layer, which covers the
epithelial surface, has various roles'™'”.

The oral mucosa is robust and shows short recov-
ery times after stress or damage. Drug absorption is
facilitated by the continuous washing action of saliva
(0.5-2 liters per day) over the mucosal surface. This
route also allows for accessibility and easy removal
of the system in case of an adverse drug reaction. Fur-
thermore, the drug is not subjected to the destructive
acidic environment of the stomach; therapeutic serum
concentrations of some drugs can be achieved more
rapidly. In addition, the drug enters the general circu-
lation without first pass metabolism in the liver. The
rich blood supply (20.3 mL/min/100 g tissue) of the
oral mucosa offers high permeability to various thera-
peutic agents (e.g. nitroglycerine). The other functional
properties of the buccal mucosa are the relatively high
surface area (50.2 cm®) and lower value for membrane
thickness (thin membrane) of approximately 500-600
pum, which can, potentially, enhance the rate of drug
uptake. A combination of the above factors leads to
higher bioavailability. Consequently, these factors
support the oromucosal cavity as a highly feasible and

rational site for systemic drug delivery "

MUCOADHESIVE DOSAGE FORMS: A
PROLOGUE

Although the buccal mucosa as a novel drug deliv-
ery route is being widely explored recently, its poten-
tial as a route for drug delivery was known to mankind
centuries ago. Modern day researchers are therefore
exploring the various routes available for drug deliv-
ery, especially through the oral mucosa, and coming
up with novel drug delivery systems.

Tablets

Tablets are small, flat, and oval, with a diameter of
approximately 5-8 mm. Unlike conventional tablets,
mucoadhesive tablets allow for drinking and speaking
without major discomfort. These are placed directly
onto the mucosal surface for local or systemic drug
delivery. These soften, adhere to the mucosa, and are

retained in position until dissolution and or release is
complete. Mucoadhesive tablets, in general, have the
potential to be used for controlled release drug deliv-
ery, but coupling of mucoadhesive properties to tablet
has additional advantages. For example, it offers ef-
ficient absorption and enhanced bioavailability of the
drugs due to a high surface-to-volume ratio and facili-
tates a much more intimate contact with the mucous
layer. Mucoadhesive tablets can be tailored to adhere
to any mucosal tissue, including those found in the
stomach, thus offering the possibilities of localized as
well as systemic controlled release of drugs' """

In the case of tablets, like other non-wetting solid
MDDS, mucoadhesion arises as a result of dehydra-
tion of an area of the mucosa. Commercially avail-
able tablets are characterized by slow dissolution
and maintenance of a therapeutic concentration of
the active ingredient in patient's blood for prolonged
periods: from 1-2 (Buccastem®) to 8 or more hours
(Striant®). Despite the demonstrated efficacy of the
local application of mucoadhesive buccal tablets, for
example, in the treatment of candidiasis of the oral
cavity, the main restriction to their wide use arises
from their size and shape, as there is the need for the
drug delivery system to make close contact with the
mucosal surface'"”

Films/Patches

Mucoadhesive films may be preferred over adhesive
tablets in terms of flexibility and comfort. In addition,
they can circumvent the relatively short residence time
of oral gels on the mucosa, which are easily washed
away and removed by saliva. Moreover, in the case
of local delivery for oral diseases, the films also help
protect the wound surface, thus helping to reduce pain,
and treat the disease more effectively. An ideal film
should be flexible, elastic, and soft, yet adequately
strong to withstand breakage due to stress from mouth
movements. It must also possess good mucoadhesive
strength in order to be retained in the mouth for the
desired duration of action" "',

Buccal patches are described as laminates com-
prised of an impermeable backing layer, a drug-
containing reservoir layer which releases the drug in
a controlled manner, and a mucoadhesive surface for
mucosal attachment. Patches may be used to deliver
drugs directly to a mucosal membrane. These are sim-
ilar to those used in transdermal drug delivery. They
present a greater patient compliance compared with
tablets owing to their physical flexibility that causes
only minor discomfort to the patient .They also of-
fer advantages over creams and ointments in that they

provide a measured dose of drug to the site''"*".
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Gels and ointments

Semisolid dosage forms, such as gels and oint-
ments, have the advantage of easy dispersion
throughout the oral mucosa. However, drug dosing
from semisolid dosage forms may not be as accu-
rate as from tablets, patches, or films. Poor retention
of the gels at the site of application has been over-
come by using mucoadhesive formulations. Certain
mucoadhesive polymers, for example, sodium car-
boxymethylcellulose, carbopol, hyaluronic acid, and
xanthan gum, undergo a phase change from liquid to
semisolid. This change enhances the viscosity, which
results in sustained and controlled release of drugs.
Hydrogels are also a promising dosage form for buc-
cal drug delivery™".

RATIONALIST APPROACH OF MBDDS
TOWARDS DIFFERENT DISEASES

Cardio vascular disease

Hypertension, one of the major cardiovascular dis-
eases, needs a lifelong therapy to remain under con-
trol. Most of the antihypertensive drugs like carvedilol,
metoprolol, propranolol, isosorbide mononitrate etc.
have low oral bioavailability and smaller half-life.
Two main reasons for low bioavailability are poor
aqueous solubility and high first pass metabolism. The
buccal mucoadhesive route of drug delivery provides
direct access to the systemic circulation through the
internal jugular vein by bypassing the first pass me-
tabolism, leading to high bioavailability.

The dose of carvedilol, a model antihypertensive
drug, is 25 mg twice a day; however, a lower effective
dose is reported to be approximately 3.125 mg. Thus,
by increasing the contact time and avoiding the first
pass metabolism, a lower amount of drug can effec-
tively produce the normal dose effect. Again, by sus-
taining the drug release, the frequent administration
of drug can be avoided, thereby increasing the patient

. [22,23]
compliance™ ",

Fungal/microbial infections

Oral candidiasis is an opportunistic fungal infec-
tion caused by Candida albicans. These yeast infec-
tions are usually treated locally by application of gels
or suspensions. Release of drugs from these prepara-
tions involves an initial burst of activity whose level
rapidly declines to subtherapeutic concentrations.
Thus, systemic antifungals such as fluconazole are
usually preferred for treating oral candidiasis. The
oral dose of fluconazole for the treatment of oral
candidiasis (100 mg/day for 1 or 2 weeks) results in

notable side effects varying from headache, nausea to
liver dysfunction, and hepatic failure. Furthermore,
oral fluconazole is reported to interact with a number
of medications, including oral hypoglycemics, cou-
marin-type anticoagulants, cyclosporins, terfenadine,
theophylline, phenytoin, rifampin, and astemizole.
The pathogenic yeasts in oral candidiasis are usually
detected in the superficial layers of the oral mucosa.
Thus, the effectiveness of the systemic fluconazole
may be partially topical through its concentration in
oral fluids. The reported topical efficacy of flucona-
zole together with the adverse effects and drug in-
teraction of systemic fluconazole justifies the design
of MBDDS containing a small dose of fluconazole to
increase the contact between the drug and the patho-
genic yeast for a long time™"*”'.

Migraine

Migraines are thought to occur when certain blood
vessels in the brain become swollen (dilated). Drugs
used for the treatment include the “triptan” group,
comprising of sumatriptan, zolmitriptan, and riza-
triptan. These drugs work by helping blood vessels in
the brain to return to normal size. It may also block
pain signals in the brain. The model drug, sumatriptan
is administered orally, in doses of 25, 50 or 100 mg as
a single dose, nasally in doses of 10 mg or 20 mg and
also subcutaneously as two 6-mg doses over 24 hours.
However, a substantial proportion of patients suffer
from severe nausea or vomiting during their migraine
attack, and also low oral bioavailability (15%) due to
high first-pass metabolism may make oral treatment
unsatisfactory. Nasal route and subcutaneous route
have their own limitations, like lower retention time
for nasal solution and inability of self- administration
for injectables, respectively”**".

This justifies a need to develop an effective for-
mulation, which allows the drug to directly enter
the systemic circulation, bypassing the first-pass
metabolism, thereby increasing bioavailability of
sumatriptan succinate. Buccal mucosal route is one
such alternative.

Nausea and vomiting

Ondansetron HCl, chosen as a model drug for treat-
ing postoperative nausea and vomiting associated with
emetogenic cancer chemotherapy, possesses certain
characteristics that a drug should have to get absorbed
through buccal mucosa viz., biphasic solubility and
low molecular weight. Moreover, the primary route
of ondansetron clearance is by hepatic phase I me-
tabolism, so its bioavailability may be improved when
delivered through the buccal mucosal route. Patients
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may have frequent vomiting following chemotherapy
and they may be unable to swallow a tablet to pre-
vent vomiting. It justifies the need to develop a buc-
cal patch/film of ondansetron hydrochloride, which
increases patient compliance. Its bioavailability when
administered by oral route is only 50% to 60% and its
dose is low i.e., 4-8 mg; hence, it can be conveniently
loaded onto a patch™™".

A CLINICAL/THERAPEUTIC AP-
PROACH

Cardio vascular diseases

Carvedilol is a non-selective beta-adrenergic an-
tagonist used in the treatment of hypertension and
stable angina pectoris. Yamsani et al. proposed the
utilization of carvedilol mucoadhesive tablets for the
treatment of hypertension. In this hydrophilic poly-
mer formulation, hydroxypropyl methylcellulose
(HPMC K4M and K15M) and Carbopol 934 (CP
934) were used to obtain controlled and zero order
release. Studies revealed that increasing the concen-
tration of the polymer in the formulations showed a
sustained effect on carvedilol release. The rapidly
hydrating polymer dominated in controlling the re-
lease of carvedilol from the buccal tablets”". Pro-
pranolol hydrochloride (PRO-HCI), a nonselective
beta-adrenergic blocking agent, has been widely used
in the treatment of hypertension, angina pectoris, and
many other cardiovascular disorders. Exploring PRO-
HCI as a model drug, Patel et al. compared mucoad-
hesive bilayer buccal tablets with multilayered buccal
tablets. An ex-vivo evaluation of the bilayered tablets
in natural human saliva revealed sufficient stability
criteria by showing no appreciable change in color
and shape, and maintaining integrity of the device.
Similar results observed in multilayered buccal tab-
lets suggested for a good way to bypass the extensive
hepatic first-pass metabolism and to improve the bio-
availability of PRO-HCI through buccal mucosa™
Buccoadhesive patch of PRO-HCI was developed
by the same workers using the hydrophobic polymer
Eudragit L-100 as the base matrix. A stability study
of optimized Eudragit patches was done in natural
human saliva; it was found that both drug and buccal
patches were stable in human saliva®'. Using nifed-
ipine and PRO-HCI, as slightly and highly water-
soluble drugs, respectively, Carmen et al. prepared
bilaminated films as well as bilayered tablets and
demonstrated that these new devices show promising
potential for use in controlled delivery of drugs to the
oral cavity. The double-layered structure design was
expected to provide drug delivery in a unidirectional

fashion to the mucosa and avoid loss of drug due to
wash-out with saliva™.

Atenolol, a B-blocker, is prescribed widely in di-
verse cardiovascular diseases, e.g., hypertension, an-
gina pectoris, arrhythmias, and myocardial infarction.
Administration of conventional tablets of atenolol has
been reported to exhibit fluctuations in the plasma
drug levels, resulting either in manifestation of side
effects or reduction in drug concentration at the re-
ceptor site'™. Atenolol was used as a model drug to
design oral controlled release mucoadhesive tablet by
Singh et al. whereas buccal patches were developed
by Mohanty et al. in order to provide sustained buccal
delivery for prolonged periods in the management of
hypertension”*". Pravastatin sodium lowers plasma
cholesterol levels in hypercholesterolemia subjects. It
was used by Shidhaye et al. to develop mucoadhesive
bilayered buccal tablets™. Lercanidipine hydrochlo-
ride (LER) is used in treatment of hypertension be-
cause of its selectivity and specificity on the smooth
vascular cells™"". The drug is administered orally
in a dose of 10-20 mg daily as its hydrochloride salt,
reducing significantly the diastolic blood pressure™”.
After oral administration, LER is completely but er-
ratically absorbed from the gastrointestinal tract'".
However, absolute bioavailability is reduced to ap-
proximately 10% because of extensive first pass me-
tabolism to inactive metabolites'"”. Literature suggests
mean half-lives of 2.8 and 4.4 h in humans after single
dose of 10 and 20 mg of LER, respectively'*". These
pharmacokinetic parameters advocate the suitability
of LER as a potential candidate for buccal delivery.
Charde et al. developed and evaluated buccal mu-
coadhesive controlled release tablets of LER using
polyethylene oxide and different viscosity grades of
HPMC individually and in combination. In vivo stud-
ies of selected formulations in rabbits demonstrated
significant enhancement in bioavailability of LER
relative to orally administered drug. Moreover, in hu-
man acceptability studies of placebo formulations, the
designed tablets adhered well to the buccal mucosa
for more than 4 h without causing any discomfort**.
Boateng et al. investigated the dissolution and release
of hydrochlorothiazide as a model insoluble drug from
freeze-dried wafers and solvent-cast films formulated
from sodium carboxymethylcellulose (CMC). It was
observed that the release of hydrochlorothiazide was
generally faster from the wafers than from the cor-
responding films. This was particularly true during
the initial 60% of release. These differences in release
rate could be attributed to the differences between the
physical properties of the wafers and films, which af-
fect their initial rate of hydration and swelling"”'.
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Antimicrobial therapy

The clinical treatment of oral candidosis (a com-
mon pathological condition of the oral cavity) us-
ing conventional pharmaceutical dosage forms-such
as solutions, gels, suspensions, and mouthwashes-is
usually not very effective, mainly because drugs are
quickly removed from the oral cavity. In an attempt
to solve this problem, Juan et al. designed a bilay-
ered mucoadhesive tablet using nystatin as the model
drug. These tablets released nystatin quickly from the
lactose layer and then in a sustained way, during ap-
proximately 6 hours, from the polymeric layer'*".,

Yehia et al. formulated buccal discs”™" and films of
fluconazole for topical treatment of oral candidosis
to ensure satisfactory drug level in the mouth for pro-
longed duration of time and to reduce side effects and
possibility of drug interaction encountered during sys-
temic therapy of fluconazole'””. Buccoadhesive erod-
ible discs of cetylpyridinium chloride were prepared
by Ahuja et al. in an attempt to treat various oro-
dental infections'"”. Chlorhexidine diacetate was used
by Giunchedi et al. to formulate buccal tablets based
on chitosan microspheres'*’!. Domb et al. prepared
iodine complexes with EC and HPC and incorporated
them into a mucoadhesive tablet for potential use as
antimicrobial agent for treating oral infections'*”. In
an attempt to get rid of oral malodor, Sterer et al. for-
mulated a palatal mucoadhesive tablet containing a
herbal formulation (i.e. sage, Echinacea, Lavender and
Mastic gum) and tested it on human volunteers'™”". A
novel mucoadhesive gel of chlorhexidine was formu-
lated by Fini et al. using HPMC, CMC and HPC as the
gel forming materials"™.

One of the major concerns about antibiotic us-age,
particularly in long-term, low dosage regimes, is that
bacteria may develop resistance to the antibiotic. Re-
cently, a combination of two or more antibiotics has
been recognized as an important method for, at least,
delaying the emergence of bacterial resistance. Be-
sides, antibiotic combinations may also produce de-
sirable synergistic effects in the treatment of infec-
tions"”". This approach was taken by Obaidat et al. to
prepare mucoadhesive patches containing tetracycline
hydrochloride and carvacrol in an attempt to develop
a novel oral drug delivery system for the treatment of
mouth infections. The formulation exhibited excellent
activity against Pseudomonas aeruginosa, indicating a
synergistic action between tetracycline and carvacrol
since both of them were separately ineffective against
Pseudomonas aeruginosa. Also, their inhibition ef-
ficiency increased against Bacillus cereus when they
were used in combination, which also indicates a syn-

ergistic effect™".

Anti-inflammatory therapy

Inflammatory processes are one of the major rea-
sons for oral cavity diseases”™”. This problem is man-
aged with topical administration of various nons-
teroidal, anti-inflammatory drugs, like flurbiprofen,
flufenamic acid, ibuprofen etc, in the treatment of a
number of oral cavity pathologies, such as gingivi-
tis, periodontitis, stomatitis, oral ulcers, etc. Their ad-
vantage is the reduction of drug dose, the virtue of
drug localization in the target tissue and consequent
minimization of degree of systemic side effects”” ™.
Perioli et al. designed sustained-release mucoadhesive
bilayered tablets, using mixtures of mucoadhesive
polymers and an inorganic matrix (hydrotalcite), for
topical administration of flurbiprofen in the oral cav-
ity. The optimized formulation, loaded with 20 mg of
the drug, showed the best results, producing good anti-
inflammatory sustained release in the buccal cavity
for 12 hours and thus a reduction in daily drug dosage
(40 mg vs 70 mg)™. Tbuprofen was used as a model
compound by Perioli et al. to develop mucoadhesive
patches using several film-forming and mucoadhesive
polymers. The statistical investigation of in vitro re-
lease data revealed that diffusion was the mechanism
of drug release™. Mura et al. developed mucoadhe-
sive films of flufenamic acid using complexation with
hydroxypropyl-B-cyclodextrin (HPBCD) to improve
drug dissolution and release rate. KollicoatIR®, a new
polyvinyl alcohol- polyethylene glycol graft copoly-
mer, was evaluated as film-forming polymer owing to
its ability to form very flexible films with much elon-
gation at break than cellulose derivatives (due to the
polyvinyl alcohol moiety), combined to its plasticiz-
ing and surfactant properties (due to the polyethylene
glycol moiety). The work successfully demonstrated
that cyclodextrin complexation could be a suitable
strategy to optimize the drug release feature from the
system. In fact, introduction of drug as complex with
HPBCD enabled a clear improvement of drug release
with respect to the film containing the plain drug, al-
lowing achievement of complete release within 4-5 h,
which is considered the usual maximum duration for
buccal drug delivery™”. Kianfar et al. formulated and
characterized buccal films using Carrageenan (CAR),
poloxamer (POL) 407, various grades of PEG (plasti-
cizer), and loaded with paracetamol and indomethacin
as model soluble and insoluble drugs, respectively. The
results also showed the conversion of crystalline drugs
to the amorphous form during film formation and the
film matrix demonstrated the ability to maintain the
two model drugs in a stable amorphous form during
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storage over a 12 month period. The films showed
ideal release patterns within suitable time periods, fol-
lowing swelling and diffusion of the polymer matrix,
under conditions simulating those of saliva. These
show the potential of CAR 911 and POL 407 based
films for buccal delivery of drugs with varying physi-
cochemical characteristics®".

Boateng et al. formulated freeze-dried wafers and
solvent-cast films prepared from sodium alginate
(ALG) and sodium carboxymethylcellulose (CMC)
using paracetamol as a model soluble drug. A key
finding of the current study was the partial conver-
sion of monoclinic polymorph of paracetamol to the
metastable orthorhombic form and the preservation
of this metastable polymorph. This observation could
be attributed to the polymer (CMC) used to prepare
the formulations rather than the freeze-drying or air
drying process for wafers and films respectively. The
transitions observed seem to counter the well-publi-
cized monotropic property of paracetamol polymor-
phism and suggests that other factors may be involved
that allow the conversion of form I to the metastable
form II. It was found that the rate of drug release from
the wafers (porous) and films (non-porous) was de-
pendent on their physical structure and the amount of
polymer present. These differences present the possi-
bility of using these formulations in different mucosal
applications. The wafers which can absorb moisture
at a faster rate can be useful for applying onto, and
delivering active agents, to suppurating wounds. The
faster release rate of drug from wafers and films con-
taining low polymer levels also make them suitable as
drug delivery systems such as fast dissolving tablets
and films for buccal administration of drugs®*®"..

Kianfar et al. developed and characterized lyophi-
lized wafers prepared by freeze-drying gels compris-
ing the natural polysaccharide polymer- carrageenan,
pluronic acid and polyethylene glycol 600 (PEG 600),
loaded with model soluble (paracetamol) and insolu-
ble (ibuprofen) drugs for buccal delivery purposes.
The results showed the conversion of crystalline drugs
to the amorphous form during gel formation and
freeze-drying and the wafer’s matrix demonstrated
the ability to maintain the two model drugs in a stable
amorphous form during storage over a 6 month period.
The wafers showed ideal release patterns in conditions
simulating those of saliva and, coupled with the desir-
able mucoadhesive characteristics, have potential for

buccal drug delivery'®".

Antiemetics

Ondansetron hydrochloride is a SHT3 serotonin
antagonist used in the prevention of nausea and

vomiting associated with emetogenic cancer chemo-
therapy' . As administering drug by buccal route
avoids hepatic first-pass metabolism, delivery of
ondansetron to the systemic circulation via the buc-
cal route would improve its bioavailability. Ali et
al. developed and evaluated a buccal adhesive tablet
containing ondansetron using CP 934, sodium al-
ginate, SCMC low viscosity, and HPMC 15cps as
mucoadhesive polymers to impart mucoadhesion
and ethyl cellulose to act as an impermeable backing
layer. The stability of drug in the optimized adhesive
tablet was tested for 6 h in natural human saliva; both
the drug and device were found to be stable in natu-
ral human saliva®’. Ondansetron was also explored
as a suitable candidate by Koland et al. to formulate
fast dissolving films for sublingual administration.
Rapidly water-soluble polymers such as PVA and
PVP were chosen for the formulation with carbopol
for conferring mucoadhesive properties. Maximum
swelling was observed for the formulation containing
carbopol as compared to those formulations contain-
ing PVP as mucoadhesive polymer'®. Bhalekar et
al. prepared buccal bioadhesive hydrophilic matrix
tablets of domperidone using HPMC and Carbopol.
An increasing trend in the bioadhesive strength was
seen with an increase in the amount of polymer(s).
Maximum bioadhesive strength was observed with
the highest level of the two polymers. Application of
two-way ANOV A-based factorial analysis indicated
that the polymers had a significant influence on the
bioadhesive properties of the compressed matrices.
The overall rate of drug release tended to decrease
with an increase in the polymer amount. This may be
attributed to the fact that with an increase in hydrogel
concentration, the viscosity of the gel layer around
the tablet tends to limit further the release of the ac-

. . . 69
tive ingredient' .

Muscle relaxants

Tizanidine hydrochloride is an imidazoline de-
rivative which acts as agonist on centrally located o2
receptors and this leads to myotonolytic effects on
skeletal muscle. Shanker et al. formulated and evalu-
ated bioadhesive buccal tablets of tizanidine using
bioadhesive polymers such as HPMC K4M, SCMC
alone, and a combination of these two polymers, in
an attempt to avoid first-pass effect and provide for
prolonged release of the drug. The degree of swelling
was increased with the increase in the concentration
of SCMC, leading to increased bioadhesion strength.
Rapid rate of hydration of SCMC led to higher de-
gree of swelling in a short period of time, which
improved entanglement of polymer chains with the
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mucus. The degree of swelling indicated that the rate
of swelling is directly proportional to SCMC content
and inversely proportional to HPMC K4M content' ™.

Hypoglycaemic agents

Certain hypoglycemic agents like glipizide and
glibenclamide have been recently exploited for buc-
cal delivery. The short biological half-life (3.4 h)
of glipizide necessitates its administration in 2 or 3
doses of 2.5 to 10 mg per day. Semalty et al. Pre-
pared mucoadhesive buccal films of glipizide by a
solvent casting technique using HPMC, SCMC, CP-
934P and Eudragit RL-100. The effect of glipizide
on the swelling behavior and the residence time of
various mucoadhesive polymers were observed.
The medicated films showed high swelling index in
comparison to plain films. The addition of the water-
insoluble drug increased the water uptake of the film.
The results suggested that therapeutic levels of gli-
pizide could be delivered through the buccal route
efficiently'™"’. Mucoadhesive buccal films of gliben-
clamide were prepared by Muzib et al. using different
grades of HPMC with different ratios. The amount
and properties of the incorporated drug determine
matrix integrity. The films containing HPMCKI15
showed a higher percent swelling due to the presence
of more hydroxyl groups in the HPMC molecules.
The incorporation of the drug induced significant
reduction in the residence time of various formula-
tions. During dissolution, the loosely bound polymer
molecules with HPMC in these films were readily
eroded, allowing the easy release of glibenclamide.
It was found that the drug release from the films var-
ied with respect to the proportion of polymers. It was
concluded that HPMC3000 at low concentrations
could be useful for buccal delivery of glibenclamide
in a controlled manner'™

Protein and hormone delivery

The delivery of peptide drugs across the buccal
mucosa is more convenient and safer than other de-
livery approaches. It is shown that the buccal admin-
istration of drugs has some advantages, such as low
enzymatic activity compared with the gastro intestinal
track, and tolerance to potential sensitizers™ ™. In-
sulin was used by Cui et al. as a model protein and its
release behavior from bilaminated films was evalu-
ated. The insulin loaded bilaminated film showed a
pronounced hypoglycemic effect following buccal
administration to healthy rats, achieving a 17% phar-
macological availability compared with subcutaneous
insulin injection'. Myoglobin (MHb) was explored
by Colonna et al. to formulate cross-linked chitosan

mucoadhesive films. 5-Methyl-pyrrolidinone chi-
tosan (MPC) is a chitosan derivative having excellent
properties for use in buccal drug delivery systems. It
proved to be a promising polymer for the manufacture
of bioadhesive films. After ionic cross-linking, these
films enabled the modulation of the release of the
model protein MHb'™". Jain et al. developed and eval-
uated mucoadhesive films for buccal administration
of progesterone using film-forming and mucoadhesive
polymers'™. Leutinizing hormone-releasing hormone
(LHRH) was formulated into a buccoadhesive tablet
by Nakane et al. to study its enhanced/controlled de-
livery. In vivo evaluations were performed in beagle
dogs and pharmacokinetic profiles were monitored
to characterize the transmucosal permeation kinet-
ics of LHRH. The plasma LHRH concentrations were
observed to reach the plateau level within 30 min and
were maintained for 2 hr following application of the
dosage form, in contrast to a rapid elimination pro-
file observed after IV administration””. Ayensu et al.
formulated and characterised the physico-mechanical
properties of lyophilized CS wafers as potential drug
delivery systems to the buccal mucosa membrane us-
ing bovine serum albumin (BSA) as a model protein.
Wafers were prepared by lyophilizing aqueous gels of
the polymer incorporating varying concentrations of
glycerol as plasticizer and d-mannitol as cryoprotect—
ant. Texture analysis was employed to investigate the
in vitro mucoadhesive properties in tensile mode, re-
sidual moisture content by thermo-gravimetric analy-
sis, while hydration capacity and drug release studies
were performed in 0.1 M phosphate buffered saline.
The results showed the potential of employing lyophi-
lized chitosan wafers for buccal mucosa delivery of
protein-based drugs'™ ™.

Giovino et al. developed and characterized mu-
coadhesive chitosan based films, incorporated
with insulin loaded nanoparticles (NPs) made of
poly(ethylene glycol)methyl ether-block-polylactide
(PEG-b-PLA). The optimized formulation was loaded
with insulin (model protein) at initial loadings of 2,
5 and 10% with respect to copolymer weight. The in
vitro release behavior of both formulations showed
a classic biphasic sustained release of protein over 5
weeks which was influenced by pH of the release me-
dium. Optimized chitosan films embedded with 3 mg
of insulin loaded NPs were produced by solvent cast-
ing with homogeneous distribution of NPs in the mu-
coadhesive matrix, which displayed excellent physico-
mechanical properties'™.

Smoking deterrent

The habitual nature of smoking is partly due to
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nicotine (NCT) in tobacco, which is categorized as a
psychoactive substance'™'. The NCT delivery routes
are the skin and mucosal membranes, such as buccal
and nasal mucosa, because both the neutral and proto-
nated NCT could readily permeate across the mucosal
membranes™*”. Pongjanyakul et al. prepared sodium
alginate-magnesium aluminum silicate (SA-MAS)
buccal films loaded with NCT as a potential drug
delivery system. The study revealed that the NCT-
loaded SA-MAS films provided higher NCT con-
tent, and lower NCT release rate and permeation rate
through the mucosal membrane than the NCT-loaded
SA films. The NCT-loaded SA-MAS films prepared
at different pH demonstrated a change in crystallinity
and thermal properties. In addition, the NCT-loaded
SA-MAS films also displayed a bioadhesive property
for adhesion to the mucosal membrane. This finding
suggested that the NCT-loaded SA-MAS films have a
strong potential for use as a buccal delivery system™.
Rao et al. used NCT to formulate a tri-layered buc-

cal mucoadhesive patch, comprising a medicated dry
tablet adhered to a mucoadhesive film™®”. Bilayer NCT
mucoadhesive patches were prepared and evaluated
by Obaidat et al. to determine the feasibility of the
formulation as a nicotine replacement product to aid
in smoking cessation. The results of the study demon-
strated that xanthan mucoadhesive buccal patches are
potential candidates for controlled biphasic nicotine
delivery. The promising fast initial drug release fol-
lowed by a controlled release over a 10-h period and
the content uniformity, thickness, swelling and mu-
coadhesive strength, advocated the use of such a sys-
tem as a potential candidate for future in vivo studies
of the permeation and retention of nicotine in the oral
mucosa. Interestingly, the release profile, mucoadhe-
sion and swelling studies indicated that the acid-base
reaction of nicotine with carbopol is relatively strong-
er than its reaction with xanthan gum, which restricts
the suitability of medicated carbopol patches for con-
trolled drug delivery™".

Table 1 List of buccal mucoadhesive drug delivery systems

Dosage forms Active ingredients

Buccoadhesive Discs Fluconazole
Buccoadhesive Tablets ~ Propranolol HCI
Buccoadhesive Tablets  Atenolol

Buccoadhesive Tablets ~ Pravastatin Sodium

Buccoadhesive Tablets  Lercanidipine HCI1
Buccoadhesive Tablets ~ Nystatin
Buccoadhesive Tablets ~ Ondansetron HCI
Buccoadhesive Tablets ~ Domperidone
Buccoadhesive Tablets  Tizanidine HCI1
Buccoadhesive Films Propranolol HCI
Buccoadhesive Films Fluconazole
Buccoadhesive Films Ondansetron HC1
Buccoadhesive Films Glipizide
Buccoadhesive Films Insulin
Buccoadhesive Films Myoglobin
Buccoadhesive Films Progesterone
Buccoadhesive Films Nicotine
Buccoadhesive Films Lidocaine
Buccoadhesive Films Thiocolchicoside

Buccoadhesive Patches

Propranolol HCI

Buccoadhesive Patches  Atenolol
Buccoadhesive Patches ~ Sumatriptan succinate
Buccoadhesive Patches  Lignocaine

Buccoadhesive Patches

Miconazole nitrate

Buccoadhesive Patches ~ Oxytocin

Buccoadhesive Patches ~ Thyrotropin-releasing hormone
Buccoadhesive Gels Arecoline

Buccoadhesive Gels Chlorhexidine

Buccoadhesive Gels

Diclofenac sodium

Buccoadhesive Gels Flurbiprofen
Buccoadhesive Gels Lidocaine
Buccoadhesive Gels Propolis
Buccoadhesive Gels Tetracycline

Buccoadhesive Gels

Triamcinolone acetonide

Polymers Investigators
CP 974P, SCMC, sodium alginate, HPMC Yehia et al.”!
SCMC, CP-934P Patel et al.””
CP 934P and SCMC Singh et al.*"
Carrageenan gum, PVP K30 Shidhaye et al®
HPMC Charde et al."™
Carbomer (CB), and HPMC Juan et al.™
CP 934P, sodium alginate, SCMC, HPMC Ali et al.PV
HPMC, CP Bhalekar et al."”
HPMC K4M, SCMC Shanker et al.™"
Polycarbophil (PC), sodium alginate, gellan gum Carmen et al.®"
HPMC, HEC, chitosan, Eudragit and sodium alginate Yehia et al."*”
PVA, PVP, CP 934P Koland et al.*”

HPMC, SCMC, CP-934P and Eudragit RL-100

Semalty et al.”™"

Ethylcellulose, chitosan Cui et al.”™
Chitosan Colonna et al."™
Chitosan Jain et al.™
Sodium alginate-magnesium aluminium silicate Pongjanyakul et al™
HPC Okamoto et al.”**
Gelatin and CMC Artusi et al."””

CP 934 and PVP-K30 Patel et al.”™”

CP 934 P, SCMC, HPMC Mohanty et al.””
Gelatin and PVP-K30 Shidhaye et al.”"
Proprietary mucoadhesive support system Brook et al.""”
SCMC, chitosan, PVA, HEC, HPMC Nafee et al.""!
CP 974P Li et al."™'"
Organic polymers Lietal!'™

CP 934P Strickland et al.""”
HEC, PVP, and PC Jones et a7
Hydroxyethyl Methacrylate (HEMA) Cassidy et al.""
HEC, PVP, and PC Jones et al."”
PEG, CP 934P, and PVP Tan et al.""

HPC
HEC, PVP, and PC
Poloxamer 407 and CP 934

Ceschel etal.""

112
Jones et al.""!
Shin et al."™* "
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Therapeutic application

Brand name

Active ingredients

Dosage form  Manufacturers

Breakthrough cancer pain in opioid tol- Actiq® Fentanyl citrate Lozenge Teva Pharmaceuticals, Sellersville,
erant patients on maintenance opioids PA, USA
Fentora™ Fentanyl citrate Tablet Cephalon, Inc., Frazer, PA, USA
Onsolis® Fentanyl citrate Film Meda Pharmaceuticals Inc.Somer-
set, NJ, USA
Pain relief; narcotic for opioid depend— Subutex® Buprenorphinehydrochloride Tablet Reckitt Benckiser
ent patients
Suboxane® Buprenorphine hydrochlo— Tablet Reckitt Benckiser
ride-naloxoneHCl
Prevention and treatment of angina pec—  Nitrostat® Nitroglycerine Tablet, Spray W Lambert-P Davis-Pfizer Phar-
toris maceuticals
Suscard buccal Glyceryl trinitrate Tablet Forest laboratories
Nitrogard® Nitroglycerine Tablet Forest Pharmaceuticals,St. Louis,
MO, USA
Smoking deterrent Nicotinelle® Nicotine Lozenge Novartis Consumer Health
Nicorette® Nicotine Chewing gum  GSK Consumer Health
Topical treatment of oro-pharyngeal Loramyc® Miconazole Tablet BioAlliance Pharma SA
candidiasis
Lauriad™ Miconazole Tablet BioAlliance Pharma SA
Hormone therapy Striant™ SR buccal Testosterone Tablet Columbia Pharmaceuticals
Nausea/emesis Buccastem Proclorperazine Tablet Reckitt Benckiser
Relief of migraines and associated Maxalt Wafers® Rizatriptan Wafer Merck & Co. Inc., WhitehouseSta-

symptoms, such as nausea

tion, NJ, USA

Antimigraine

Sumatriptan succinate; a 5-HTlreceptor agonist
used in the treatment of migraine was used as a model
drug by Shidhaye et al. to develop mucoadhesive bi-
layered buccal patches as an alternative mode of drug
delivery. A corresponding increase in the mucoadhe-
sive strength of patches was observed with increase in
concentration of chitosan. It was also revealed that the
effect of concentration of chitosan was more signifi-
cant than the effect of concentration of PVP K30. In-
crease in chitosan and PVP K-30 led to increase in the
extent of swelling of the patches. The drug release was
found to increase with increasing concentrations of
PVP K30 and decreasing concentrations of chitosan.
As sumatriptan succinate exhibits low permeability
across buccal mucosa, different penetration enhancers
(transcutol, polysorbate 80, and DMSO) were tried to
improve its buccal penetration. The study suggested
that buccal mucosal delivery of sumatriptan succinate
can be efficiently carried out by penetration enhancers
and the buccal route can be a promising route for its
delivery avoiding the first pass effect™.

Antihistamine

Chlorpheniramine maleate (CPM) is a histamine
HI receptor antagonist widely used for the treatment
of various allergic conditions"”". Sekhar et al. de-
veloped mucoadhesive buccal patches of CPM using

HEC as water-soluble polymer with a view to bypass
the first-pass metabolism, thereby increasing the bio-
availability of CPM. The study demonstrated that the
dosage form was nonirritating and did not cause mu-
cosal damage or irritation upon buccal administration.
Bioavailability from optimized buccal patch was 1.46
times higher than the oral dosage form and the results
showed statistically significant difference'”.

Recent years have seen similar studies carried out
by many other workers"””". Table 1 showcases some
of the most worked upon APIs in the field of MB-
DDS along with the polymers associated, and Table
2 enlists some commercially available dosage forms
meant to be applied in the buccal cavity along with
their therapeutic application. Various patents related
to MBDDS are enlisted in Table 3 and Table 4.

FUTURE PROSPECTS AND CHAL-
LENGES

Research in buccal drug delivery has revealed re-
markable growth and advances in the past few dec-
ades. The buccal mucosa holds a great promise for
systemic delivery of orally inefficient drugs as well as
a feasible and attractive alternative for non-invasive
delivery of potent peptide and protein drug molecules.
Mucoadhesive drug delivery systems offer unique
carrier system for many pharmaceuticals and can be
modified to adhere to any mucosal tissue, including
those found in oral cavity, gastrointestinal tract, va-
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Table 3 Patents related to buccal film/patch

US Patent No. Inventors Work Reference
The invention relates to self-supporting film dosage forms which provide a therapeutically effective

20110033541 Myers et al. dosage. Such compositions are particularly useful for treating narcotic dependence while providing  [118]
sufficient buccal adhesion of the dosage form.
A trilaminate film suitable for prolonged and sustained delivery of an active ingredient in a buc-
cal cavity is disclosed. A hydratable mucoadhesive base layer, a non-adhesive reservoir layer and a
4900552 Sanvordeker et al. . o k X [119]
water-impermeable carrier film sandwiched between and bonded to the base layer and the reservoir
layer are the elements which form the trilaminate film.
This invention has led to the development of single layer oral disintegrating films that have at least
20100266669 Meyer et al. ) } i L . . [120]
two different zones, which consist of nicotine that allows sufficient buccal absorption.
The present invention relates to compositions, methods of manufacture, products and methods of use
20110033542 Myers et al. relating to films containing therapeutic actives. The invention more particularly relates to self-sup-  [121]
porting dosage forms which provide an agonist acting alone or in combination with a buffer system.
This invention relates to the development of muco-adhesive oral disintegrating film that completely
20100063110 Meyer et al. disintegrates in mouth with in one to ten minutes. The film is composed of alkaline substance and ~ [122]
API which may be present optionally.
A unidirectional buccal delivery system for the delivery of therapeutic agents over an extended pe-
. riod of time. The delivery system includes a matrix for releasing the drug into the oral cavity at a
5827525 Liao et al. . . . . [123]
sustained rate and a means for securing the matrix to the palate or other adequate regions in the oral
cavity.
A bioadhesive composition that adheres suitably to a mucosal surface and is capable of deliver-
ing drugs in sustained fashion, and a patch comprising the bioadhesive composition. A bioadhesive
5750134 Scholz et al. . . . L . [124]
composition that adheres suitably to a mucosal surface and is capable of delivering drugs in sus-

tained fashion, and a patch comprising the bioadhesive composition.

gina, eye etc. One of the areas of interest is the novel In spite of significant advances in the field of mu-
buccal adhesive delivery system, where the drug de- coadhesion, there is no consensus between scientists
livery is directed towards buccal mucosa by protecting in relation to the mechanisms of the interaction be-
the local environment. tween materials and components of mucosal tissue.

Table 4 Patents related to buccal tablets

US Patent No. Inventors Work Reference

. The present invention relates to an adhesive solid dosage form containing a mixture of herbal extracts
7985430 Levine et al. o ) ) . . [125]
as the active ingredient, suitable particularly for the treatment of mucosal lesions.

. The present invention relates to progressive hydration tablets for adhesion to the wall of a body cavity
7153845 Levine et al. . o . [126]
for the sustained release of active ingredients.

This invention relates to a bioadhesive tablet containing at least one bioadhesive adjuvant and at least

6063404 Timpe et al. one lubricant, with at least one surface of said tablet comprising concentric or parallel, straight and/or [127]
curved depressions, and to a method for producing said bioadhesive tablets.
. The present invention relates to novel prolonged release bioadhesive therapeutic systems for treating
6916485 Aiache et al. . . . L [128]
local mucosal infections or the mucitis and candidiasis type.
The present invention relates to progressive hydration tablets for adhesion to the wall of a body cav-
20020044964  Bologna et al. ity [oral, vaginal] for the sustained release of active ingredients without premature degradation of the [129]
active ingredients.
This invention relates to an improved dosage form which can easily adhere to the inner buccal cav-
6210699 Acharyaetal. ity and sustain transmucosal release of drugs, odorants or any other ingredients, wherein said dosage [130]
form is a tablet.
. The present invention relates to a controlled release bioadhesive tabletwhich includes a locally active
5330761 Baichwal et al. . . . . [131]
agent, a heterodisperse gum matrix, and pharmaceutically acceptable diluents.
The invention relates to bioadhesive compounds in the form of multilayers, and having at least one
6242004 Rault et al. bioadhesive layer with the total charge of bioadhesive material; the bioadhesive layer being directly [132]
compressible during the production of the tablet.
Objective of the present invention: to provide an improved dosage form for the administration of ba-
5091184 Khanna etal. clofen, in the form of an adhesive tablet, to the mucosa in the oral cavity that permits uniform admin- [133]

istration at constant intervals.
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Many scientists have addressed the development of
MBDDS and studied the efficacy of their use, though
here too there remain significant gaps, as there is no
generally accepted method for assessing mucoadhe-
sive properties. The lack of standardized techniques
often leads to discordant and unclear results. Efforts
have to be made to develop standardized in vitro and
ex vivo biological models that allow one to character-
ize and compare different materials and formulations
in terms of their capability to promote drug absorption
via the buccal route.

Looking into the future, researchers find the fate
of buccal adhesive drug delivery turning towards
vaccine formulations and delivery of small proteins/
peptides. Microparticulate bioadhesive systems are
particularly interesting because they offer protection
to therapeutic entities as well as the enhanced ab-
sorption that result from increased contact time pro-
vided by the bioadhesive component. Mucoadhesion
can clearly play a fundamental role as non-parenteral
drug delivery systems for protein formulations, as
well as vaccines able to attach to mucous membranes
to stimulate local immunity.

CONCLUSION

At the current global scenario, scientists are find-
ing ways to develop buccal adhesive systems through
various approaches to improve the bioavailability of
orally less/inefficient drugs by manipulating the for-
mulation strategies. Polymeric science needs to be
explored to find newer mucoadhesive polymers with
the added attributes of being biodegradable, biocom-
patible, non-toxic, mucoadhesive for specific cells
or mucosa, and which could also function as enzyme
inhibitors for the successful delivery of proteins and
peptides. However, the invention of new biomateri-
als, tailor-made copolymers, has excellent potential
for mucoadhesive drug delivery, but the formulations
based on them still have to go a long way to find their
path in actual clinical practice.
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