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Within the oral mucosal cavity, the buccal
region offers an attractive route of
administration for systemic drug delivery.
The mucosa has a rich blood supply and is
permeable to many pharmacologically
active agents. The objective of this article is
to review buccal drug delivery by discussing
the structure and environment of the oral
mucosa and highlighting the experimental
methods used in the assessment of buccal
drug permeation and absorption. The
review also assesses the current status of
buccal permeation enhancers as well as
buccal drug delivery systems.
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mong the various routes of drug delivery, the oral route
is perhaps the most preferred by patients and clinicians
alike. However, peroral administration of drugs has dis-
advantages, such as hepatic first-pass metabolism and
enzymatic degradation within the gastrointestinal (Gl) tract,
that prohibit oral administration of certain classes of drugs, es-
pecially peptides and proteins. Consequently, other absorptive
mucosa are considered as potential sites for drug administra-
tion. Transmucosal routes of drug delivery (i.e., the mucosal
linings of the nasal, rectal, vaginal, ocular, and oral cavities)
offer distinct advantages over peroral administration for sys-
temic effect. These advantages include possible bypass of first-
pass effects and avoidance of presystemic elimination within
the Gl tract. Many research groups (1-3) have investigated the
nasal cavity as a site for systemic drug delivery, and the route
already has reached commercial status with several drugs, in-
cluding leutinizing hormone-releasing hormone (LHRH),
cyanocobalamin, azelastine hydrochloride, desmopressin ac-
etate, and calcitonin (4-5). However, the potential irritation
and the irreversible damage to the ciliary action of the nasal
cavity from chronic application of nasal dosage forms make the
nasal cavity less attractive for drug delivery. Also, the large in-
trasubject and intersubject variability in mucus secretion in the
nasal mucosa could be a significant factor affecting drug ab-
sorption from this site. Even though the rectal, vaginal, and oc-
ular mucosa offer certain advantages, the poor patient accept-
ability associated with these sites renders them reserved for local
applications rather than systemic drug administration.
Similar to the nasal route, the oral cavity as a site for drug
delivery also has reached commercial status with several drugs,
including nitroglycerin as sublingual tablets for angina and fen-
tanyl as a transmucosal buccal device (Actig, Abbott Laborato-
ries, Abbott Park, IL) for breakthrough cancer pain (6). Fur-
thermore, oral transmucosal drug delivery bypasses first-pass
effects in the Gl tract and liver and avoids Gl side effects. Un-
like the nasal cavity, however, drug delivery via the oral cavity
is highly acceptable by patients. The mucosa is relatively per-
meable, has a rich blood supply, is robust, and shows short re-
covery times after stress or damage (7). Within the oral cavity
the two common regions for drug delivery are the sublingual
mucosa (area beneath the tongue) and the buccal mucosa (inner
lining of the cheeks). Selecting one over the other is mainly
based on anatomical and permeability properties of the vari-
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Permeation Enhancer References
23-lauryl ether (42)
Aprotinin (65)
Azone (38, 61, 89)
Benzalkonium chloride (90)
Cetylpyridinium chloride (37, 39, 42, 90)
Cetyltrimethylammonium bromide (90)
Cyclodextrin (63)
Dextran sulfate (42)
Lauric acid (91)
Lauric acid/propylene glycol (36)
Lysophosphatidylcholine (66)
Menthol (91, 92)
Methoxysalicylate (42)
Methyl oleate (59)
Oleic acid (59)
Phosphatidylcholine (92)
Polyoxyethylene (42)
Polysorbate 80 (37, 39, 63)
Sodium EDTA (50, 61, 65)

Sodium glycocholate
Sodium glycodeoxycholate
Sodium lauryl sulfate

(1, 36, 47, 50, 61, 62, 64, 66, 83)
36, 41, 48, 50, 60, 62, 64)
(36, 37, 39, 41, 60, 63, 65, 90)

Sodium salicylate (65, 91)
Sodium taurocholate (39, 41, 50, 61-64)
Sodium taurodeoxycholate (50, 64, 66)
Sulfoxides (36)
Various alkyl glycosides (67)

ous oral mucosal sites, the desired residence time, and the de-
sired effects of the drug.

Buccal mucosa as a site for drug delivery

There are two permeation pathways for passive drug transport
across the oral mucosa: paracellular and transcellular routes.
Permeants may traverse these two routes simultaneously, but
one route usually is more effective than the other, depending
on the physicochemical properties of the diffusant. Because the
intercellular spaces are less lipophilic in character than the cell
membrane, hydrophilic compounds have higher solubilities in
this environment. The cell membrane, however, is highly lipo-
philic in nature, and hydrophilic solutes have great difficulty
permeating the cell membrane because of a low partition co-
efficient. Therefore, the intercellular spaces pose the major bar-
rier to passive permeation of lipophilic compounds, and the
cell membrane acts as the major transport barrier for hydrophilic
compounds. Because the oral epithelium is stratified, solute
permeation may involve a combination of these two routes. The
route that predominates, however, is generally the one that pro-
vides the least amount of hindrance to passage.

Three different categories of drug delivery fall within the oral
cavity: sublingual, buccal, and local. The sublingual mucosa is
relatively permeable, giving rapid absorption and acceptable
bioavailabilities of many drugs, and is convenient, accessible,
and generally well accepted (8). The sublingual route is by far
the most widely studied of these routes. Sublingual dosage forms

are most often one of two designs: those composed of rapidly
disintegrating tablets and those consisting of soft gelatin cap-
sules filled with liquid drug. Such systems create a very high
drug concentration in the sublingual region before they are sys-
temically absorbed across the mucosa. The buccal mucosa is
considerably less permeable than the sublingual area, and is
generally not able to provide the rapid absorption and good
bioavailabilities seen with sublingual administration. Local de-
livery to tissues of the oral cavity has a number of applications,
including the treatment of toothaches (9), periodontal disease
(10,11), bacterial and fungal infections (12), and aphthous and
dental stomatitis (13), and in facilitating tooth movement with
prostaglandins (14). Even though the sublingual mucosa is rela-
tively more permeable than the buccal mucosa, it is not suit-
able for a retentive oral transmucosal delivery system. The sub-
lingual region lacks an expanse of smooth and immaobile mucosa
and is constantly washed by a considerable amount of saliva,
making device placement difficult. Because of the high perme-
ability and the rich blood supply, transport via the sublingual
route results in a rapid onset of action, making it appropriate
for highly permeable drugs with short delivery period require-
ments and an infrequent dosing regimen. However, the pre-
ferred site for retentive oral transmucosal delivery systems and
for sustained- and controlled-release delivery devices is the buc-
cal mucosa (8,15), mainly because of the differences in perme-
ability characteristics between the two regions and the buccal
mucosa’s expanse of smooth and relatively immobile mucosa.

Methodology for buccal permeation studies

Before a buccal drug delivery system can be formulated, buc-
cal absorption and permeation studies must be conducted to
determine the feasibility of this route of administration for the
candidate drug. These studies involve methods that would ex-
amine in vitro and in vivo buccal permeation profile and ab-
sorption kinetics of the drug.

Invitro methods. At the present time, most of the in vitro stud-
ies examining drug transport across buccal mucosa use buccal
tissues from animal models. Animals are sacrificed immediately
before the start of an experiment. Buccal mucosa with under-
lying connective tissue is excised from the oral cavity, the con-
nective tissue is surgically removed, and the buccal mucosal
membrane is isolated. The membranes are then stored in ice-
cold (4 °C) buffers (usually Krebs buffer) until they are mounted
between side-by-side diffusion cells for the in vitro permeation
experiments. The most significant questions concerning the use
of animal tissues as in vitro models in this manner are the via-
bility and the integrity of the dissected tissue. How well the dis-
sected tissue is preserved is an important issue, which directly
affects the results and conclusion of the studies.

To date, we have no standard means by which the viability
or the integrity of the dissected tissue can be assessed. Dowty
et al. studied tissue viability by using ATP levels in rabbit buc-
cal mucosa (16). They reported a 50% drop in the tissue ATP
concentration during the initial six hours of the experiment
without a corresponding drop in tissue permeability. Despite
certain gradual changes, the buccal tissue seems to remain vi-
able for a rather long period of time. Therefore, a decrease in
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ATP levels does not ensure a drop in permeability characteris-
tics of the tissue. Tissue integrity is also commonly monitored
by the use of permeation markers such as **C-mannitol, a hy-
drophilic marker for the paracellular route, and ®H-testosterone,
a lipophilic marker for the transcellular route or by monitor-
ing the transepithelial electrical resistance (mostly applicable
to buccal cell culture models). However, the most meaningful
method for assessing tissue viability or integrity is the actual
permeation experiment itself. If the drug permeability does not
change during the time course of the study under the specific
experimental conditions of pH and temperature, then the tis-
sue is considered to have maintained its integrity.

Buccal cell cultures also have been suggested as useful in vitro
models for buccal drug permeation and metabolism (17-20).
To use these cell cultures for buccal drug transport experiments,
the number of differentiated cell layers and the lipid composi-
tion of the barrier layers must be well characterized and con-
trolled. In a series of systematic studies, Jacobsen et al. and
Nielsen et al. reported on the use of a human buccal cell line,
TR146, grown on filters as a model for buccal permeation ex-
periments (21-25). This model cell culture has been well char-
acterized in terms of morphology, barrier properties, and cell
differentiation and shown to be a promising screening tool to
study passive transport of various model compounds across
buccal epithelium.

Invivo methods. In vivo methods were first originated by Beck-
ett and Triggs with the so-called buccal absorption test (26).
Using this method, they measured the kinetics of drug absorp-
tion. The methodology involves the swirling of a 25-mL sample
of the test solution for as long as 15 min in the mouth by human
volunteers, followed by the expulsion of the solution. The amount
of drug remaining in the expelled volume is then determined to
assess the amount of drug absorbed. The drawbacks of this
method include salivary dilution of the drug, accidental swal-
lowing of a portion of the sample solution, and the inability to
localize the drug solution within a specific site (buccal, sublin-
gual, or gingival) of the oral cavity. Various modifications of the
buccal absorption test have been tested, corrected for salivary
dilution and accidental swallowing, but these modifications also
suffer from the inability of site localization (27-30). A feasible
approach to achieve absorption site localization is to retain the
drug on the buccal mucosa using a bioadhesive system (31-33).
Pharmacokinetic parameters such as bioavailability then can be
calculated from the profile of plasma concentration versus time.
Other in vivo methods include those carried out via a small per-
fusion chamber attached to the upper lip of anesthetized dogs
(34,35). The perfusion chamber is attached to the tissue by cyano-
acrylate cement. The drug solution is circulated through the de-
vice for a predetermined period of time. Sample fractions then
are collected from the perfusion chamber to determine the
amount of drug remaining in the chamber, and blood samples
are drawn after 0 and 30 min to determine the amount of drug
absorbed across the mucosa.

Experimental animal species. Aside from the specific method-
ology used to study buccal drug absorption and permeation
characteristics, special attention is warranted to the choice of
experimental animal species for such experiments. For in vivo
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investigations, many researchers have used small animals in-
cluding rats (1,36,37) and hamsters (38-40) for permeability
studies. However, such choices seriously limit the value of the
data obtained because, unlike humans, most laboratory ani-
mals have an oral lining that is totally keratinized. The rat has
a buccal mucosa with a very thick, keratinized surface layer. The
rabbit is the only laboratory rodent that has nonkeratinized
mucosal lining similar to human tissue and it has been used ex-
tensively in experimental studies (16,37,41-43). The difficulty
in using rabbit oral mucosa, however, is the sudden transition
to keratinized tissue at the mucosal margins, making it difficult
to isolate the desired nonkeratinized region (44). The oral mu-
cosa of larger experimental animals that has been used for per-
meability and drug delivery studies include monkeys (45), dogs
(29,34,46,47), and pigs (48-54). The difficulties associated with
the maintenance of monkeys render them impractical models
for buccal drug delivery applications. Instead, dogs are much
easier to maintain and considerably less expensive than mon-
keys, and their buccal mucosa is nonkeratinized and is similar
to that of the human buccal mucosa. Pigs also have nonkera-
tinized buccal mucosa similar to that of humans, and their in-
expensive handling and maintenance costs make them an equally
attractive animal model for buccal drug delivery studies. In fact,
the oral mucosa of pigs resembles that of humans more closely
than any other animal in terms of structure and composition
(55,56). However, for use in in vivo studies, pigs are not as near-
ideal as dogs because of their rapid growth, which renders ani-
mal handling rather difficult. Miniature breeds of pigs can be
used but their high cost is a deterrent. For in vitro studies, how-
ever, because of easy availability and low-cost, porcine tissue is
more suited to this use than is dog buccal tissue.

Buccal permeation enhancement

One of the major disadvantages associated with buccal drug
delivery is the low flux of drugs across the mucosal epithelium,
which results in low drug bioavailability. Various compounds
have been investigated for their use as buccal penetration and
absorption enhancers to increase the flux of drugs through the
mucosa (see Table I). Because the buccal epithelium is similar
in structure to other stratified epithelia of the body, enhancers
used to improve drug permeation in other absorptive mucosa
have been shown to improve buccal drug penetration (36).
Drugs investigated for buccal delivery using various permeation
and absorption enhancers vary over a wide range of molecular
weight and physicochemical properties. Small molecules such
as butyric acid and butanol (37); ionizable low molecular weight
drugs such as acyclovir (57,58), propranolol (59), and salicylic
acid (60); large molecular weight hydrophilic polymers such as
dextrans (48); and a variety of peptides, including octreotide
(61), LHRH (62), insulin (1), and «-interferon (63) have been
studied.

A series of studies on the buccal permeation of buserelin and
fluorescein isothiocyanate labeled dextrans (FITC-D) reported
the enhancing effects of di- and tri-hydroxy bile salts on buc-
cal penetration (48,50,64) . Results from these studies showed
that in the presence of the bile salts, the permeability of porcine
buccal mucosa to FITC-D increased by 100—200-fold compared



Bioadhesive Material(s) Studied
HPC and CP
HPC and CP
CP, HPC, PVP, CMC
CP and HPMC

systems (76)
HPC, HEC, PVP, and PVA

Investigation Objectives and References

Preferred mucoadhesive strength on CP, HPC, and HPC-CP combination (47)
Measured bioadhesive property using mouse peritoneal membrane (93)
Studied interpolymer complexation and its effects on bioadhesive strength (94)
Formulation and evaluation of buccoadhesive controlled-release delivery

Tested mucosal adhesion on patches with two-ply laminates with an

impermeable backing layer and hydrocolloid polymer layer (77)

HPC and CP

Used HPC-CP powder mixture as peripheral base for strong adhesion and

HPC-CP freeze-dried mixture as core base (9)

CP, PIP, and PIB
formulation (78)
Xanthum gum and locust bean gum
Chitosan, HPC, CMC, pectin, xanthum
gum, and polycarbophil
Hydroxyethylcellulose
diagnosis (79)
Polycarbophil
drugs (34)
HEMA copolymerized with Polymeg
(polytetramethylene glycol)
Cydot by 3M (bioadhesive polymeric
blend of CP and PIB)
Formulation consisting of PVP, CP, and
cetylpyridinium chloride (as stabilizer)
CMC, Carbopol 974P, Carbopol EX-55,
pectin (low viscosity), chitosan chloride
CMC, CP, polyethylene oxide,
polymethylvinylether/maleic anhydride
(PME/MA), and tragacanth
HPMC and polycarbophil (PC)

orphine (84)

Used a two-roll milling method to prepare a new bioadhesive buccal patch
Hydrogel formation by combination of natural gums (95)

Evaluate mucoadhesive properties by routinely measuring the detachment force
from pig intestinal mucosa (73)

Design and synthesis of a bilayer patch (polytef-disk) for thyroid gland

Design of a unidirectional buccal patch for oral mucosal delivery of peptide
Bioadhesive buccal hydrogel for controlled-release delivery of bupren

Patch system for buccal mucoadhesive drug delivery (33, 85)

Device for oramucosal delivery of LHRH — device containing a fast release

and a slow release layer (62)

Mucoadhesive gels for intraoral delivery (96)

Buccal mucoadhesive device for controlled-release anticandidal device —
CMC tablets yielded the highest adhesive force (97)

Buccal mucoadhesive tablets with optimum blend ratio of 80:20 PC to HPMC

yielding the highest force of adhesion (98)

PVP, poly(acrylic acid)

Poly(acrylic acid-co-poly ethyleneglycol)
copolymer of acrylic acid and poly-
ethyleneglycol monomethyl-ether mono-
methacryalte

Drum-dried waxy maize starch, Carbopol
974P, and sodium stearylfumarate
Natural oligosaccharide gum, hakea

Transmucosal controlled delivery of isosorbide dinitrate (86,87)
To enhance the mucoadhesive properties of PAA for buccal mucoadhesive
delivery of acyclovir (80-82)

Bioadhesive erodible buccal tablet for progesterone delivery (99)

Evaluation of mucoadhesive buccal tablets for sustained release of salmon

calcitonin (sCT) (88)

Poly(acrylic acid-co-ethylhexyl acrylate),
P(AA-co-EHA)

Evaluation of P(AA-co-EHA) films for buccal mucoadhesive drug delivery (100)

Abbreviations: CP = Carbopol, HPC = hydroxypropyl cellulose, PVP = poly(vinyl pyrrolidone), CMC = sodium carboxymethyl cellulose,
HPMC = hydroxypropyl methylcellulose, HEC = hydroxyethyl cellulose, PVA = poly(vinyl alcohol), PIB = poly(isobutylene),

PIP = poly(isoprene).

with FITC-D alone. The mechanism of penetration enhance-
ment of FITC-D by sodium glycocholate (SGC) was shown to
be concentration dependent (50). Below 10 mM SGC, buccal
permeation was increased by increasing the intercellular trans-
port and at 10 mM and higher concentrations by opening up
a transcellular route.

Gandhi and Robinson investigated the mechanisms of pene-
tration enhancement of transbuccal delivery of salicylic acid
(60). They used sodium deoxycholate and sodium lauryl sulfate
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as penetration enhancers and found that both enhancers can in-
crease the permeability of salicylic acid across rabbit buccal mu-
cosa. Their results also supported that the superficial layers and
protein domain of the epithelium may be responsible for main-
taining the barrier function of the buccal mucosa. A number of
research groups have studied the feasibility of buccal mucosal
delivery of insulin using various enhancers in different animal
models for in vivo studies (1,36,41,65-67). Aungst et al. used
sodium glycocholate, sodium lauryl sulfate, sodium salicylate,



sodium ethylenediamine tetraacetic acid (EDTA), and aprotinin
on rat buccal mucosa and reported an increase in insulin bioavail-
ability from about 0.7% (without enhancer) to 26-27% in the
presence of sodium glycocholate (5% w/v) and sodium lauryl
sulfate (5% w/v) (1,65). Similar results were obtained from in
vivo studies using dog as the animal model, in which sodium
deoxycholate and sodium glycocholate yielded the highest en-
hancement of buccal insulin absorption (36). These studies all
have demonstrated the feasibility of buccal delivery of a rather
large molecular weight peptide drug such as insulin.

Buccal drug delivery systems

Bioadhesive polymers have been used extensively in buccal drug
delivery systems to provide dosage form retention. Bioadhesive
polymers are defined as polymers that can adhere to a biologi-
cal substrate. The term mucoadhesion is applied when the sub-
strate is mucosal tissue (68). Diverse classes of polymers have
been investigated for their potential use as mucoadhesives. These
include synthetic polymers such as monomeric « cyanoacry-
late (69), polyacrylic acid (69), hydroxypropyl methylcellulose
(70), and polymethacrylate derivatives (71) as well as naturally
occurring polymers such as hyaluronic acid (72) and chitosan
(73). Other synthetic polymers such as polyurethanes, epoxy
resins, polystyrene, and natural-product cement also have been
extensively investigated (74).

In general, dosage forms designed for buccal administration
should not cause irritation and should be small and flexible
enough to be accepted by the patient. These requirements can be
met by using hydrogels. Hydrogels are hydrophilic matrices that
are capable of swelling when placed in aqueous media (75). Nor-
mally, hydrogels are cross-linked so that they will not dissolve in
the medium and will absorb only water. When drugs are loaded
into these hydrogels, as water is absorbed into the matrix, poly-
mer chain relaxation occurs and drug molecules are released
through the spaces or channels within the hydrogel network. In
a broader meaning of the term, hydrogels also would include
water-soluble matrices that are capable of swelling in aqueous
media; these include natural gums and cellulose derivatives. Upon
immersion in water, these pseudo-hydrogels swell infinitely and
the component molecules dissolve from the surface of the ma-
trix. Drug is released by diffusion through the gel layer or chan-
nels within the network as well as by exposure through matrix
erosion. The use of hydrogels or pseudo-hydrogels as adhesive
preparations for transmucosal drug delivery has acquired con-
siderable attention in recent years. Table 11 summarizes the re-
lated research on buccal mucoadhesive delivery systems.

Nagai et al. studied the applicability of hydroxypropy! cellu-
lose (HPC) as a mucoadhesive agent and found it to be a high-
viscosity material and a suitable adhesive for topical mucus
membranes (14). Anlar et al. reported on formulation and evalu-
ation of buccoadhesive controlled-release systems for the de-
livery of morphine sulfate (76). They prepared tablets by direct
compression of Carbopol 910 and hydroxypropyl methylcellu-
lose (HPMC) and found drug-release behavior to be non-Fick-
ian, also confirming interpolymer complex formation between
HPMC and Carbopol (CP) in acidic pH medium. Anders and
Merkle (77) developed and evaluated adhesive patches for buc-
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cal administration, consisting of two-ply laminates of an im-
permeable backing layer and a hydrocolloid polymer layer con-
taining the drug. The polymers used were HPC, hydroxyethyl
cellulose (HEC), poly(vinyl pyrrolidone) (PVP), and poly(vinyl
alcohol). The integrity of the laminate was based on adhesive
bonds between the hydrocolloid layer and an agarose layer
grafted to one side of the backing layer sheet. Their work showed
that among the cellulose ethers studied, HEC and HPC pos-
sessed superior mucosal adhesion. Ishida et al. used similar ma-
terials in a lidocaine delivery system for toothache (9). Guo used
a two-roll milling method to prepare a new bioadhesive poly-
mer patch formulation for controlled drug delivery consisting
of Carbopol 934P, poly(isobutylene) (PI1B), and poly(isoprene)
(PIP) (78). Results showed that the surface properties of buc-
cal patches were not only dependent on the CP content but also
dependent on the PIB:PIP ratio. The strongest peel strength was
found on buccal patches with a CP:PIB:PIP ratio of
50:43.75:6.25.

Anders et al. designed a bilayer patch containing protirelin
for thyroid gland diagnosis (79). The patch had a backing layer
of PTFE and mucoadhesive layer of protirelin dispersed in hy-
droxyethylcellulose. Vkillard et al. reported the use of a unidi-
rectional buccal patch that consisted of three layers: an imper-
meable backing layer, a rate-limiting center membrane containing
the drug, and a polycarbophil-based mucoadhesive layer (34).
The bioadhesive polymer swells, creating a flexible network
through which diffusion of drug takes place. This patch was
tested in dog buccal mucosa and was shown to remain in place
for as long as 17 h without causing any obvious discomfort.

In an attempt to enhance the intrinsic mucoadhesive prop-
erties of poly(acrylic acid), a series of novel copolymers of acrylic
acid and poly ethyleneglycol monomethylether monomethacry-
late (P[AA-co-PEG]) have been designed and formulated
(80-82). The addition of PEG into the polymer increased the
potential for hydrogen bond formation because the lone pair of
electrons of oxygen in the repeat unit (CH,CH,O) of PEG served
as hydrogen bond acceptors (82). The PEG incorporation also
improved the surface properties of PAA for mucoadhesion (82).
Using these copolymers, Shojaei et al. prepared a patch device
for buccal acyclovir delivery, and the feasibility of such delivery
was proven in vitro with the incorporation of sodium glyco-
cholate as the permeation enhancer (83).

Cassidy et al. developed a buccal mucoadhesive device for the
controlled release of buprenorphine using copolymeric hydro-
gel discs of HEMA monomer and Polymeg macromer (84). The
hydrogel containing a monomer:macromer ratio of 80:20 (w/w)
yielded the best result both in terms of adhesion and drug re-
lease. The device was applied for a 3-h period, and steady-state
levels were maintained for the time of application. Formulation
of another buccal delivery system was reported by the 3M com-
pany (33,85). The buccal patch device (Cydot, 3M Pharmaceu-
ticals, St. Paul, MN) consists of a flexible mucoadhesive matrix
composed of a blend of poly(acrylic acid) (Carbopol 934P, BF
Goodrich, Cleveland, OH) and poly(isobutylene) (Vistanex,
Exxon Chemical Company, Houston, TX). The patch device is
unidirectional with a polyurethane backing layer. The patch is
intended for application to the upper gum. In vivo studies in



human subjects have revealed effective bioadhesive characteris-
tics for 12 hours of application (33).

Several investigators have reported on the development of
transmucosal therapeutic systems (TmTs), devices with a field-
shaped bilayer design consisting of fast-release and sustained-
release layers (62,86,87). The fast-release layer contains PVP as
the bioadhesive component and is designed to adhere to the
buccal mucosa. The sustained-release layer consists of a mix-
ture of PVP and poly(acrylic acid) and is intended to adhere to
the gingival mucosa (86). A TmTs formulation was reported for
the buccal delivery of LHRH with results indicating the feasi-
bility of controlled-release transmucosal delivery of the pep-
tide drug (62).

Most recently, Alur et al. (88) reported on the in vitro and in
vivo evaluation of mucoadhesive tablets consisting of a novel
natural oligosaccharide gum (hakea) as a mucoadhesive mate-
rial. They studied the suitability of the natural gum for sus-
tained-release mucoadhesive buccal delivery of salmon calci-
tonin (sCT). Their results showed that the natural gum could
sustain the release of SCT for more than 400 min while pos-
sessing strong mucoadhesive characteristics (88). The apparent
bioavailability of SCT in New Zealand albino rabbits was re-
ported as 37% and 16% for buccal tablets with 12 and 32 mg
hakea, respectively (88).

Conclusion

The buccal mucosa offers several advantages for controlled drug
delivery. The mucosa is well supplied with both vascular and
lymphatic drainage; first-pass metabolism in the liver and presys-
temic elimination in the GI tract are avoided. The area is well
suited for a retentive device and appears to be acceptable to pa-
tients. With the proper formulation and dosage form design,
the permeability and the local environment of the mucosa can
be controlled and manipulated to accommodate drug perme-
ation. Buccal drug delivery is a promising area for systemic de-
livery of orally inefficient drugs as well as an attractive alterna-
tive for noninvasive delivery of potent peptide and perhaps
protein drug molecules. However, the need for safe and effec-
tive buccal permeation and absorption enhancers is a crucial
component for a promising future in the area of buccal drug
delivery.
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