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Importance of the field: The buccal drug delivery system has been accepted as

a potential non-invasive route of drug administration, with the advantages of

avoidance of the first-pass metabolism, sustained therapeutic action and

better patient compliance. However, transmucosal delivery of drugs by means

of the buccal route is still very challenging. The main obstacles derive from the

limited absorption area and from the barrier properties of the mucosa that

have to be overcome for successful delivery drug molecules to the systemic

circulation by this route.

Areas covered in this review: One long-standing approach for improving

buccal drug delivery uses buccal absorption promoters, also called permeation

enhancers. This requisite has fostered the study of permeation enhancers that

will safely alter the permeability restrictions of the buccal mucosa. This review

includes various classes of transmucosal chemical permeation enhancers and

their mechanism of action. As enhancers influence drug delivery, further

exploration of these compounds is required to understand their modifying

action on the properties of buccal mucosa.

What the reader will gain: This reviewwill help the readers in the selection of a

suitable enhancer(s) for improving the buccal drug delivery for future endeavor.

Take home message: The authors imagine new buccal formulations bearing

permeation enhancer(s) being commercialized in the coming years.

Keywords: buccal drug delivery, chemical permeation enhancer, permeation mechanism,

sorption promoter
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1. Introduction

The oral cavity is an attractive site for the delivery of drugs. The oral cavity includes
the floor of the sublingual (mouth), palatal mucosa, buccal (the inside of the cheeks)
and the gingival (gums) [1]. There are considerable differences in permeability
between different regions of the oral cavity because of the diverse structures and
functions of the different oral mucosae. In general, the permeabilities of the oral
mucosae decrease in the order of sublingual greater than buccal, and buccal greater
than palatal [2].

Buccal and sublingual sectors are the most appropriate for drug delivery as it is
possible to realize local effect (mucosal) and systemic effect (transmucosal) of drug
administration [3]. The sublingual route is generally used for the delivery of drugs
characterized by a high permeability across the mucosa and used in the treatment of
acute disorders; because of the considerable surface area and high blood flow, it is a
viable site when a rapid onset is desired [4], whereas the buccal route is generally used
in the treatment of chronic disorders when a prolonged release of the active
substance is necessary [3]. The buccal drug delivery system also provides many
advantages, such as it can be used for local as well as for systemic effect [4], avoid
hepatic first-pass effect, no presystemic metabolism, ease of administration and fast
onset of action [1], and has a rapid cell recovery, unlike the skin [5]. It is estimated that
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the permeability of the buccal mucosa is 4 – 4000 times
greater than that of the skin [6].
The major challenges of buccal administration of drugs

with systemic effect are limited absorption area and the barrier
properties of the buccal mucosa, which implies low drug
bioavailability [7,8]. The barrier properties of oral mucosa
are related primarily to their natural structure as well as the
physicochemical properties of the drug [9]. For example, rapid
uptake and sustained delivery of lipophilic drugs (nicotine and
fentanyl) can be achieved, however buccal delivery of high-
molecular-mass drugs (peptides, proteins and polysaccharides)
often results in a low bioavailability [1]. Conventionally, the
oral route cannot be used for the delivery of macromolecular
drugs such as proteins and peptides owing to limited transport
across the epithelial membrane. This challenge can potentially
be overcome through the use of chemical permeation enhan-
cers, which affect transcellular and/or paracellular transport
routes [10], for example, sodium glycodeoxycholate, 1-dode-
cylazacycloheptan-2-one (Azone�; Shanghai Worlder Corpo-
ration, China) and sodium 5-methoxy salicylate have been
used as penetration enhancers for the delivery of macromo-
lecules such as buserelin, octreotide acetate and protrelin,
respectively [11-13]. Low permeability of the oral mucosa is a
reason for exploring various permeation enhancers in order to
obtain therapeutic levels, especially for protein and peptides.

2. Major route for mucosal drug penetration

The oral mucosa can be considered to consist of a laminate of
several layers: a mucus layer that covers the epithelium; a
keratinized layer on the surface of the epithelium; a basement
membrane (basal lamina); a connective tissue (lamina pro-
pria); and a loose submucosa. There are ~ 40 – 50 cell layers,
resulting in a buccal mucosa that is 500 – 600 µm thick [2,5].
Drug penetration through mucosa implies partitioning into
and diffusion across each of the aforesaid layers, any one of
which could possibly be the main barrier to drug penetra-
tion [9]. The permeability barrier in the oral mucosa is
supposed to be the result of intercellular material resulting
from the so-called ‘membrane coating granules’ (MCGs) [5].
Apart from the MCGs, the cellular membrane may present
some resistance to permeation as well. The outer epithelium is
also believed to be the rate-limiting step to mucosal penetra-
tion [14]. The drug transport mechanism through the buccal
mucosa involves two principal routes: transcellular (intracel-
lular) and paracellular (intercellular) pathways. The transcel-
lular route involves the crossing of the cellular membranes
with a polar and a lipid domain, whereas the paracellular route
essentially implicates the passive diffusion through the extra-
cellular lipid domain. The ionic drugs usually diffuse through
the intercellular space, whereas the hydrophobic ones are able
to pass through cellular membranes [4]. In the authors’ opinion
the lipophilic drugs, such as denbufylline [15], pass through the
lipid structure of the membrane and show permeation via the
transcellular pathway, whereas hydrophilic drugs, such as

diltiazem hydrochloride [16], permeate through the buccal
mucosa via the paracellular route. The transcellular pathway
is found to be the main route, particularly for hydrophilic
compounds [17]. The intracellular route offers greater surface
area for absorption. Siegel and co-workers [18-20] investigated
the permeability of canine and rabbit lingual frenula and the
ventral surface of the tongue of rats of several structurally
unrelated compounds. These workers projected that com-
pounds having a partition coefficient less than water crossed
the oral mucosa through pores in the membrane [21-29]. In the
authors’ opinion, the rat has a buccal mucosa with a very thick,
keratinized surface layer, whereas the rabbit is the only
laboratory rodent that has non-keratinized mucosal lining
similar to human tissue; so the rabbits are closer to in vivo
human studies as compared with rat studies [30], thus suggest-
ing that such compounds cross the oral mucosa by means of an
intracellular route. In contrast to the intracellular route, the
intercellular route offers a small area for transfer of drug.
However, it appears to be the main route for most compounds
of pharmacological importance [31-37].

3. Permeation enhancers

Membrane permeability is the limiting feature for many drugs
in the progress of the buccal adhesive delivery approach. The
epithelium that lines the buccal mucosa is a very effective
obstacle to the permeation and hence absorption of drugs. To
mitigate this barrier and to facilitate the permeation through
buccal mucosa, permeation enhancers are used [38]. The search
for safe and effective penetration enhancers in drug delivery is
possible by understanding the structure and mechanism of
action of enhancers [39]. Besides these there are several factors
that also affect the activity of penetration enhancers, such as
intrinsic ability of peptides to cross biological membranes [40],
differences in permeability resulting from variation in mucosal
sites [41], potency of an enhancer [42], and rate of release of
active from the delivery system [40].

According to Aungst [39] and Barry [43], an ideal penetration
enhancer should be non-toxic and non-irritating, the absorp-
tion-enhancing action should be immediate and unidirec-
tional, the effect of permeation enhancer should be
reversible, that is, after removal of the material from the
applied membrane the tissue should immediately fully recover
its normal barrier property, and the enhancer should be
physically compatible with a wide range of drugs and phar-
maceutical excipients [44]. It has been reported in the literature
that when the delivery system is removed from the buccal
cavity or is exhausted, there is still drug being absorbed into
the systemic circulation owing to the reversible binding of
drug/penetration enhancer.

To enhanc buccal absorption different overtures have been
investigated and developed, including the use of drug deri-
vatives, drug-saturated systems, physical approaches and
chemical penetration enhancers that facilitate the diffusion
of drugs through the buccal mucosa. The most widely used
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approach is use chemical penetration enhancers [45-47]. This
review gives an overview of the use of various chemical
penetration enhancers, such as: chelators [48-53], for example
EDTA, citric acid, salicylates, N-acyl derivatives of collagen,
and enamines (N-amino acyl-derivatives of 3-diketones); sur-
factants [54], such as sodium lauryl sulfate, polyoxyethylene-
9-1aurylether, and polyoxyethylene-20-cetylether; and natural
surfactant such as bile salts (sodium deoxycholate, sodium
glycocholate, and sodium taurocholate), which act by extract-
ing membrane protein or lipids, by membrane fluidization or
by producing reverse micellization in the membrane and
creating aqueous channels and/or by interference with calcium
ions to maintain the dimension of the intercellular space,
thereby permitting the paracellular transport of peptides and
proteins [55,56]. Fatty acids and their derivatives, such as
sodium caprylate, sodium caprate, sodium laurate, oleic
acid, monoolein and acylcarnitines, have been shown to
reduce the thickness of the unstirred water layer adjacent to
the mucosal membrane, and by disrupting intercellular lipid
packing [40], Azone acts by creating a region of fluidity in
intercellular lipids, and alcohols work by reorganizing the lipid
domains and by changing protein conformation [57,58].
Recently, chitosan and its derivates have been used extensively
to enhance the permeation of medicaments by means of the
buccal route and have been found to be a potential penetration
enhancer for transmucosal (intestinal, nasal, buccal and vag-
inal) absorption of drugs [59-64]. The penetration enhancement
properties of chitosan through mucosae (intestinal and nasal)
mainly result from a transient widening of the tight junctions
between the cells [62]. Other investigators such as Senel et al.,
Portero et al. and Sandri et al. [65-67] also reported that chitosan
was an effective absorption enhancer owing to its ability
to effect transient widening of the tight junctions within
the mucosa.

The classification of chemical buccal permeation enhancers
and their mechanism of action are given in Tables 1 and 2. An
overview of the information has been provided along with the
literature so that readers requiring more details on a specific
buccal enhancer can find the source easily. This would also be
helpful for researchers working on buccal delivery in the
selection of a suitable buccal chemical permeation enhancer.

4. Mechanism of penetration enhancers

Penetration enhancers work by one of the many mechan-
isms [68]. They may act by changing mucus rheology, that is,
by reducing the viscosity of the mucus [55]. Mucus forms a
viscoelastic layer of varying thickness that affects drug absorp-
tion. Most penetration enhancers act by disturbing the intra-
cellular lipid packing by interaction with either lipid packing
or protein components, thus increasing the fluidity of the
lipid bilayer membrane [44,69,70]. Fluidization of the plasma
membrane, loosening of the tight junctions between cells,
and inhibition of proteases are a few of the mechanisms [45].
The penetration enhancers also act by increasing the

thermodynamic activity of peptide drugs [71]. This may be
affected by the vehicle composition, which influences solu-
bility and micellization, and also by ion pair formation
between the enhancer and the drug [72]. A brief introduction
to buccal chemical permeation enhancer followed by various
reports on the utility of buccal enhancers has been presented,
and a summary is presented in Table 3.

5. Buccal chemical absorption promoters

5.1 Bile salts
Bile salts (steroidal detergents) are the natural or synthetic salts
of cholanic acid, for example the salts of cholic and deoxy-
cholic acid or combinations of such salts. All of the bile salts
excreted from the liver cells are conjugated with either glycine
or taurine. Bile salts have also been used extensively to enhance
the absorption of drugs through oral mucosa [70,73,74]. It is
generally considered that oral mucosal damage caused by bile
salts is reversible [75]. These compounds are believed to act by
extraction of membrane protein or lipids, membrane fluidi-
zation, and reverse micellization in membrane, creating aque-
ous channels [45,72]. In 1997, Hoogstraate et al. reported the
concentration dependence effect of sodium glycodeoxycholate
on the structural integrity of porcine buccal epithelium. The
lipid analysis of the buccal epithelium indicated that only the
epithelial lipid content was changed. Finally, the mechanism
of action of glycodeoxycholate on the buccal epithelium was
investigated by fluorescence spectroscopy. The results revealed
an interaction with the epithelial lipids in the intercellular
domain, possibly by forming mixed micelles or aggregates [76].
In the authors’ opinion mixed micelles alter the hydropho-
bicity of the actives, resulting in enhanced drug permeability
by means of the paracellular route. In another study, enhance-
ment of transbuccal permeation of morphine sulfate was
studied at two different concentrations (10 and 100 mM
concentrations) of sodium glycodeoxycholate; the permeation
of morphine sulfate across the bovine buccal epithelium was
enhanced in the presence of 100 mM glycodeoxycholate by a
factor of 5, whereas at lower concentrations no significant
enhancement was obtained [77]. In the authors’ opinion, below
the critical micellar concentration the glycodeoxycholate does
not form mixed micelles, thus leading to no significant
enhancement of drug permeation in the above case. It has
been reported that the sodium glycodeoxycholate can enhance
the buccal permeation of macromolecules as well as peptide
drugs. In this context, buccal delivery of fluorescein isothio-
cyanate-labeled dextran 4400 (FD4) and the peptide drug
buserelin was investigated in vivo, in pigs. The co-adminis-
tration of 10 mM glycodeoxycholate increased the absolute
bioavailability 12.7% for FD4 and 5.3% for buserelin [78]. In
another study the enhancing effects of dihydroxy and trihy-
droxy bile salts on buccal penetration were investigated using
fluorescein isothiocyanate (FITC) as a model permeant. The
presence of bile salts enhanced the permeability of FITC
through the porcine buccal mucosa up to 100 – 200-fold
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by modifying the cell membrane integrity in such a way that
the intracellular domain was opened up and hence the trans-
epithelial pathway significantly shortened. No significant
difference was observed between the enhancing effects of
dihydroxy and trihydroxy bile salts [79]. Hoogstraate et al. [78]

investigated the combinational effect of four bile salts.
The co-administration of 100 mM of the trihydroxy bile
salts sodium glycocholate (GC) and sodium taurocholate
(TC) and the dihydroxy bile salts sodium glycodeoxycholate
and sodium taurodeoxycholate (TDC) increased the in vitro
transport of FITC by a factor of 100 or more [80]. The effects
of sodium glycodeoxycholate, pH and osmolarity on the
permeability of three beta-blockers with different lipophili-
cities were investigated. The permeability studies were carried
out using the cell culture model and compared with the results
obtained from fresh porcine sublingual mucosa. The study
revealed that enhancement effects caused by pH, osmolarity
and glycodeoxycholate were highly lipophilicity-dependent
and were in the order atenolol > metoprolol > propranolol.
The apparent permeability coefficients of all three beta-
blockers were significantly increased by increasing the pH.
However, fewer enhancing effects were observed by osmolarity
or the presence of sodium glycodeoxycholate [81]. In another
investigation sodium glycodeoxycholate was used as the per-
meation enhancer for the buccal enhancement of 2,3-dideox-
ycytidine and was found to be effective for the permeation
enhancement of the 2,3-dideoxycytidine by a factor of 32 [82].
Again sodium deoxycholate was found to be the best enhancer
for the buccal delivery of triamcinolone acetonide in

comparison with the non-ionic surfactants and glycols [83].
In another investigation the effect of permeation enhancers,
namely sodium deoxycholate, sodium dodecyl sulphate,
sodium tauroglycocholate and oleic acid, on the transbuccal
delivery of 5-fluorouracil was studied. Sodium tauroglycocho-
late was found to be most effective for enhancing the buccal
permeation of 5-fluorouracil compared with the other enhan-
cers. The order of permeation enhancement was sodium
tauroglycocholate > sodium dodecyl sulfate > sodium
deoxycholate > oleic acid. Histological investigations were
performed on buccal mucosa and indicated no major
morphological changes on treatment of the aforesaid
enhancers [84].

It has been reported that the bile salts also have inhibitory
effects on mucosal membrane peptidases. Sodium glycocho-
late was found to inhibit insulin metabolism in homogenates
of rabbit nasal, buccal, rectal and intestinal mucosal mem-
branes [85]. The promoting effects of bile salts on human
calcitonin absorption through the rat oral mucosa were related
to the inhibition of degradation of calcitonin in mucosal
homogenates [86]. In another investigation, Artusi et al. studied
the delivery of thiocolchicoside through oral mucosa to
improve the bioavailability. Thiocolchicoside in vitro perme-
ation through porcine oral mucosa and in vivo buccal trans-
port in humans were investigated. Two dosage forms, a
bioadhesive disc and a fast dissolving disc for buccal and
sublingual administration of thiocolchicoside, respectively,
were designed. The in vitro permeation of thiocolchicoside
through porcine buccal mucosa from these dosage forms was

Table 2. Classes of absorption enhancers and their mechanisms of action [44,122].

Type Examples Mechanism of action

Synthetic
surfactants

Sodium lauryl sulfate,
Polyoxyethylene-9-laurylether

Phospholipids acyl chain disruption

Laureth-9
Polyethylene glycol-8 laurate, sorbitan laurate,
glyceryl monolaurate,
polysorbate 20 and 80

Membrane interaction
Extraction of membrane proteins and lipids
Solubilization of peptides

Bile salts Sodium-deoxycholate,
Sodium-glycocholate,
Sodium-taurocholate,
Sodium fusidate,
Sodium taurodihyrofusidate

Reduction of mucus viscosity
Peptidase inhibition
Denaturation of proteins

Fatty acids Oleic acid, caprylic acid, lauric acid,
palmitoylearnitine and other short fatty acids

Phospholipid acyl chain perturbation

Inclusion
complexes

a-, b- and g-cyclodextrins,
methylated b-cyclodextrins

Inclusion of membrane compounds
Increase solubility
Enzyme inhibition

Chelators Ethylene diamine tetra acetic acid (EDTA),
citric acid, salicylates

Complexations of Ca2+

Polyacrylates Opening of tight junctions

Polymers Chitosan salts, trimethyl chitosan Ionic interactions with negatively
charged groups of glycocalix

Others Azone� Lipid structure perturbation

Chemical permeation enhancers for transbuccal drug delivery
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evaluated and compared with in vivo absorption. It was
observed that thiocolchicoside is quite permeable across por-
cine buccal mucosa and permeation enhancers such as sodium
taurocholate and sodium taurodeoxycholate do not cause
any enhancement of thiocolchicoside, instead they suppress
drug permeation across buccal tissue, thus behaving as per-
meation retardants [87]. This might be due to inhibition of
membrane peptidase.

5.2 New chitosan derivates
Methyl-pyrrolidinone chitosan (MPC) is a chitosan derivative
in which the amino groups of glucosamine units are partially
replaced with 5-methyl-pyrrolidinone. MPC is a highly
hydrophilic substance. It is soluble in water, saline and
water–alcohol mixtures and it is able to yield viscous solutions
and/or gels at physiological pH values [88]. Besides the afore-
mentioned properties, its penetration enhancement, permea-
bilizing effect, biocompatibility, biodegradability and non-
toxic nature make chitosan a promising candidate for a safe
mucosal penetration enhancer [7].

Junginger and Verhoef reported that both weakly crosslinked
poly(acrylic acid) derivatives and chitosan derivatives are safe
penetration enhancers for hydrophilic compounds because they
can exclusively trigger mechanisms that reversibly open the tight
junctions of mucosal tissues and do not interfere with mucosal
membrane components (i.e., do not induce transcellular trans-
port) [44]. However, the exact mechanism of opening of the
tight junctions is not reported. The mechanism still needs to be
investigated by the scientists working in this area.

Different grades of chitosan derivates are available on the
market to check the feasibility of chitosan as a buccal perme-
ation enhancer. Four different types of new chitosan derivate,
namely methylpyrrolidinone chitosan, partially reacetylated
chitosan and two grades of partially depolymerized chitosan,
were compared across porcine cheek mucosa for the buccal
delivery of acyclovir, and among them methylpyrrolidinone
chitosan was found to be the best for penetration enhancer
effect as well as mucoadhesive properties across porcine cheek
mucosa [88]. The investigators evaluated the mucoadhesive and
penetration enhancement properties via the buccal and vaginal
mucosae of four different chitosan derivatives, namely
5-methyl-pyrrolidinone chitosan (MPC), two low-molecu-
lar-mass chitosans (DC1 and DC2) and a partially reacety-
lated chitosan (RC). Chitosan HCl was used as a reference.
Permeation studies were carried out using porcine cheek and
vaginal mucosae as model membranes. Among the chitosan
derivatives methyl-pyrrolidinone chitosan shows the best
mucoadhesive and penetration enhancement properties in
both buccal and vaginal environments. The penetration
enhancement capacity of chitosan was decreased on partial
depolymerization of chitosan and disappeared after partial
reacetylation [60]. The derivative that revealed the best pen-
etration enhancement possessed the greatest mucoadhesivity.
The best penetration enhancement was thus due to increased
residence time.

The enhancement effect of chitosan in gel form for oral
mucosa was investigated with a large bioactive peptide, trans-
forming growth factor-b (TGF-b). The effect of chitosan as a
permeability enhancer was determined by measuring the flux
of TGF-b across porcine oral mucosa in an in vitro system.
Chitosan was found to exert a marked permeabilizing effect on
buccal mucosa for peptide drug [65]. Sandri et al. [59] evaluated
the influence of the degree of quaternization of N-trimethyl
chitosans (TMCs) on penetration enhancement properties
towards buccal mucosa. Fluorescein isothiocyanate dextran
(molecular mass 4400 Da) was used as the model molecule.
TMC derived from the lower molecular mass chitosan and
characterized by the highest degree of quaternization shows
the best mucoadhesive and penetration enhancement proper-
ties and is the most promising TMC to improve the bioavail-
ability of hydrophilic and large molecular mass molecules
(such as peptides and proteins) when administered by means
of the buccal route. Sandri et al. compared the penetration
enhancement properties of chitosan hydrochloride both as a
polymeric solution and as a nanoparticulate system with those
of trimethyl chitosan hydrochloride through buccal mucosa
using fluorescein isothiocyanate dextran as a macromolecule
model. The mechanism of penetration enhancement for both
chitosan hydrochloride and trimethyl chitosan hydrochloride
solutions and for chitosan hydrochloride nanoparticles
involves a repackaging of the epithelial cells up to the basal
membrane and a partial disarrangement of desmosomes. It
was concluded that trimethyl chitosan and chitosan nanopar-
ticulate systems were able to increase fluorescein isothiocya-
nate dextran permeation across buccal epithelium to a greater
extent than the chitosan solution [66]. This might again be due
to greater residence time of the nanoparticulate system in
comparison with chitosan solutions. Recently, they reported
that improvement of mucoadhesion and of nanoparticle
internalization with respect to chitosan nanosystems makes
the trimethylchitosan nanosystems suitable carriers for the
intestinal absorption of peptides such as fluorescein isothio-
cyanate dextran [89]. An identical mechanism of enhancement
of trimethyl chitosan was reported by Sahni et al. [90]. A similar
study was undertaken with four quaternized derivatives of
chitosan: trimethyl chitosan, dimethylethyl chitosan, diethyl-
methyl chitosan and triethyl chitosan. Their effect on the
permeability of insulin across intestinal Caco-2 monolayers
was studied and compared with chitosan both in free-soluble
form and in nanoparticulate systems. The results revealed that
the nanoparticles consisting of chitosan and its quaternary
ammonium derivatives loaded with insulin are less effective in
facilitating paracellular transport of insulin across Caco-2 cell
monolayers than the corresponding free polymers [91].

5.3 Terpenes
Terpenes are a very safe and effective class of penetration
enhancers obtained from natural sources, and the FDA clas-
sified them as generally regarded as safe (GRAS). The most
terpenic structures result from the ‘head-to-tail’ condensation
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of isoprene units, and this has become known as the ‘isoprene
rule’. Based on this generic rule, terpenes can be classified
according to the number of isoprene units present as: mono-
terpenes have two isoprene units (C10); sesquiterpenes have
three (C15); and diterpenes have four (C20). Terpenes may
also be classified as acyclic/linear, monocyclic and bicy-
clic [92,93]. Terpenes have excellent permeation-enhancing
effects to facilitate transdermal drug delivery. Terpenes can
enhance the permeation of both lipophilic and hydrophilic
drugs [94]. The enhancing effects of menthol on buccal
permeation of a model hydrophilic nucleoside analogue
dideoxycytidine have been studied. The permeation enhance-
ment studies were performed with varying concentrations of l-
menthol dissolved in Krebs buffer solutions containing
dideoxycytidine. Permeation of dideoxycytidine increased
significantly in the presence of l-menthol independent of
the concentration of the terpene. The apparent 1-octanol:
buffer partition coefficient (log Kp) of dideoxycytidine was
also increased significantly in the presence of l-menthol and
was also independent of the enhancer concentration. The
in vitro transbuccal permeation of dideoxycytidine was
enhanced in the presence of very low concentrations of l-
menthol. The mechanism of this enhancement was due to the
partition coefficient enhancing effects of the terpene [95]. In
another investigation the mucosal permeation of the Salvia
desoleana essential oil by means of an enhancer using Franz
cells was also studied with porcine buccal mucosa as a septum
between the formulations and the receptor phase chambers.
All the formulations allowed a high permeability coefficient in
comparison with the pure essential oil. In particular, the
components with a terpenic structure (b-pinene, cineole, a-
terpineol and linalool) have the highest capacity to pass
through the porcine buccal mucosa when compared withthe
other components (linalyl acetate and a-terpinil acetate)
owing to their higher permeability coefficient [96]. In another
study, menthol has been investigated as a permeation pro-
moter for the transbuccal delivery of propranolol using ham-
ster cheek pouch. The L-menthol, lauric acid, sodium
salicylate and phosphatidylcholine were evaluated as penetra-
tion enhancers. Menthol and lauric acid were effective at
promoting the buccal absorption of propranolol only when
the drug was ionized. It was assumed that the mechanism of
permeation enhancement was an interaction with the mem-
brane components for L-menthol, increasing the diffusibility
of propranolol, whereas lauric acid may form a more parti-
tionable complex with the drug without any action on
membrane permeability [97]. The combinatorial effects of
terpene as a buccal penetration enhancer were also reported
with other classes of absorption promoters. The combined
effects of hydrogels and absorption enhancers on the perme-
ability of 17b-estradiol through buccal membrane were inves-
tigated by measuring the rate of permeation of 17b-estradiol
through hamster cheek pouch buccal mucosa in vitro and
in vivo. Glycerylmonolaurate, L-menthol and sodium caprate
were selected as absorption enhancers in hydrogels containing

ethanol and propylene glycol. Menthol increased the perme-
ability of 17b-estradiol in a 40% (w/w) ethanol gel. Regarding
the mechanisms of these absorption enhancers in the ethanol
gel, sodium caprate and menthol contributed mainly to the
diffusion of 17b-estradiol in the mucosa, but glycerylmono-
laurate, owing to its surfactant property, increased the
solubility of 17b-estradiol in the hydrogel [98].

5.4 Surfactant
Sodium lauryl sulfate (SLS) or sodium dodecyl sulfate (SDS or
NaDS) is an anionic surfactant used in many cleaning and
hygiene products. The molecule has a tail of 12 carbon atoms,
attached to a sulfate group, giving the molecule the amphi-
philic properties required of a detergent. The effect of 1%
SLS, 3% sodium deoxycholate (NaDC) and 3% sodium
tauroglycocholate (NaTGC) on the rate of permeation across
the excised buccal mucosa of gel formulations containing
piroxicam was investigated. The addition of 1% SLS provided
the highest permeation rate in comparison with the bile salts,
which had nearly similar enhancement characteristics [99].
Siegel and Gordon reported that SLS has a high deep tissue
penetrant potential and can enter into blood following appli-
cation to the surface of the oral epithelium, thereby facilitating
the intercellular as well as transcellular transport of the
permeant, thus indicating the higher enhancing effect of
SLS [68,100]. It was also suggested that SLS, an ionic surfactant,
disorganizes the entire membrane architecture, affecting both
protein and lipid structures. Expansion of intercellular spaces
and insertion of SLS molecules into the lipid structure have
also been observed [57]. In another investigation, Steward et al.
revealed SLS (1%) to be superior to other types of absorption
promoter, including sodium taurocholate at 1% concentra-
tion, in enhancing the buccal absorption of a-interferon [101].
However, Aungst and Rogers [102] reported that SLS (5%) was
equally effective as bile salts such as NaDC and sodium
glycocholate used at 5% concentration in enhancing buccal
insulin delivery [101-103]. To clarify the enhancement mecha-
nism of sodium deoxycholate and sodium lauryl sulfate, an
in vitro permeation study across rabbit buccal mucosa was
performed using salicylic acid as a model compound. The
promoting action of penetration enhancers on salicylic acid
flux was studied using differential scanning calorimetry, elec-
trophysiology and microscopy techniques. The enhancers
sodium deoxycholate and sodium lauryl sulfate decreased
the electrical resistance and increased the permeability of
salicylic acid across rabbit buccal mucosa. The results indi-
cated the major effect of penetration enhancers on the protein
domain. The possible mechanism of action of the above
enhancers may involve the uncoiling and extending of the
protein helices, thereby opening up the polar pathway [104]. In
another observation, the effects of various classes of transmu-
cosal and transdermal absorption promoters, including
sodium lauryl sulfate, sodium laurate, palmitoyl camitine,
and a lauric acid/propylene glycol vehicle on buccal insulin
absorption in rats, were evaluated. All steroidal detergents
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examined as absorption promoters markedly improved buccal
insulin absorption. The non-ionic surfactant and laureth-9
were also effective absorption promoters and were found to be
effective at lower concentrations. The sodium lauryl sulfate
showed similar effects in another study on buccal insulin
absorption, whereas the ester non-ionic surfactants had no
effects. As detergents, these agents solubilize lipids, and they
are used to solubilize membrane proteins; so solubilization
of membrane components is probably involved in their
actions on buccal insulin absorption [102]. This solubilization
of membrane components leads to changes in cellular
membrane permeability.

5.5 Cyclodextrins
Cyclodextrins make up a family of cyclic oligosaccharides,
composed of 5 or more a-D-glucopyranoside units linked
1 ! 4, as in amylose (a fragment of starch). Cyclodextrins
are produced from starch by means of enzymatic conversion.
The production of cyclodextrins is relatively simple and
involves treatment of ordinary starch with a set of easily
available enzymes. Cyclodextrins are able to form host–guest
complexes with hydrophobic molecules given the unique
nature imparted by their structure. As a result, these molecules
have found several applications in a wide range of fields.
Cyclodextrins can be used in environmental protection: these
molecules can effectively immobilize inside their rings toxic
compounds, such as trichloroethane or heavy metals, or can
form complexes with stable substances, such as trichlorfon (an
organophosphorus insecticide) or sewage sludge, enhancing
their decomposition.

The enhancing effect of cyclodextrins on the buccal per-
meation of a hydrophobic model drug, omeprazole, was
studied [105]. The in vitro transbuccal permeation of omep-
razole non-complexed and complexed with b- and methyl-b-
cyclodextrin and in the presence of L-arginine was examined
using freshly obtained porcine buccal mucosa. The perme-
ation studies indicated an increase on drug permeation of 1.1-
and 1.7-fold for b-cyclodextrin and methyl-b-cyclodextrin
complexed forms, respectively. The presence of L-arginine
increased drug permeation 1.4-fold in omeprazole complexed
with b-cyclodextrin and 2.4-fold in the inclusion complex
formed with methyl-b-cyclodextrin. The mechanism of action
of methylated b-cyclodextrins as absorption enhancers for
hydrophilic drugs is probably by transiently changing the
mucosal permeability (by extraction of membrane cholesterol)
and opening of the tight junctions [106-108].

5.6 Azone
Azone (1-dodecylazacycloheptan-2-one) is an agent that
enhances the dermal penetration with a wide variety of
compounds [109,110]; but there are several reports that claim
the use of Azone as a buccal absorption promoter. The
enhancing effect of the pretreatment with Azone on the
absorption of salicylic acid from keratinized oral mucosa

was investigated in vivo using a hamster cheek pouch. The
absorption was increased significantly after the 4 h pretreat-
ment with Azone emulsion when the pretreatment medium
contained > 0.2% Azone. The pharmacokinetic analysis
of the plasma concentration of salicylic acid after the
intra-cheek-pouch administration revealed that Azone pre-
treatment enhanced the absorption, that is, increased the
absorption rate constant and shortened the mean absorption
time by one-fifth and increased the peak plasma concentra-
tion by a factor of approximately two [111]. In another
investigation, the buccal mucosal uptake and retention of
triamcinolone acetonide (TAC) were assessed in the presence
of Azone. Incorporation of Azone into proprietary product
Kenalog� in Orabase� (Bristol-Myers Squibb, Park Avenue,
New York), which is the trade name for an off-white sticky
paste (Bristol-Myers Squibb Australia Pty Ltd) that contains
the drug triamcinolone acetonide used for relieving tender-
ness, pain, inflammation and ulceration of the inside of the
mouth or the gums, did not result in an enhanced tissue
concentration of TAC. However, when the tissue was pre-
treated with Azone, significantly higher amounts of TAC
accumulated in the tissue. Pretreatment of the buccal mucosa
with Azone results in increased tissue concentrations of TAC,
which may be of clinical benefit in the treatment of oral
mucosal inflammatory conditions [112]. Azone is a hydropho-
bic substance specially developed as a skin penetration
enhancer showing no protein interaction. It has been dem-
onstrated that Azone enhances only intercellular drug diffu-
sion [113]. The mechanism of Azone is probably the same in
skin and in buccal mucosa. Hadgraft et al. proposed that
Azone is able to form ion pairs with anionic drugs, thereby
promoting their permeation [114].

5.7 Cod liver oil extracts
Cod liver oil is a nutritional supplement derived from the liver
of cod fish. It has high levels of omega-3 fatty acids and very
high levels of vitamins A, D and E. It is widely taken to ease
the symptoms of arthritis, as well as having other health
benefits. It was once commonly given to children. High-
quality cod liver oil is a pale-yellow, thin, oily liquid having
a slightly fishy and bland taste. The effect of cod liver oil
extracts (CLOE) on the buccal permeation of ionized and
non-ionized forms of ergotamine (ERG) has been investigated
and it was found to be the best enhancer for the permeation of
the non-ionized form of ERG. The enhancing activity of
CLOE was found to be even greater than that of oleic acid.
CLOE may distribute in the lipid-rich region of the buccal
membrane and may change the barrier structure of the lipoidal
pathway in the keratinized epithelial-free membrane separated
from hamster cheek pouch [115]. It is likely that non-ionized
ERG permeates the membrane by means of a lipophilic route
based on a passive-diffusion mechanism [116]. The penetration
enhancing effect of cod liver oil is associated with the
unsaturated fatty acid portion [117].
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5.8 Lysalbinic acid
Lysalbinic acid was found to be a new absorption enhancer for
the buccal delivery of peptide drugs. The delivery of peptide
drugs by means of the buccal mucosa is a more convenient and
safe approach than most other delivery methods. New gen-
erations of absorption promoters that would sufficiently
enhance penetration and at the same time not cause irritation
or an unpleasant taste should be developed. Lysalbinic acid, a
product of the alkaline hydrolysis of egg albumin, meets these
requirements [118]. Lysalbinic acid was shown to increase
significantly oral mucosa permeability for a-interferon and
insulin [119]. The mechanism by which lysalbinic acid increases
transport is not completely clear so far, but it may be similar to
that of other detergent enhancers based on intercellular lipid
solubilization, thus resulting in altered permeability leading to
enhanced permeation [120].

6. Expert opinion

Owing to the simplicity of the administration, the oral cavity
is an attractive site for the delivery of drugs. The buccal route
is the most appropriate for drug delivery because it avoids first-
pass hepatic or intestinal metabolism and yields sustained
plasma concentration with minimal fluctuations. Further
benefits presented by the buccal route are accessibility, admin-
istration and withdrawal, retentivity, low enzymatic activity, it
is economical, and high patient compliance. Through this
route it is possible to realize local (mucosal) and systemic
effects (transmucosal) of drug administration. The drug trans-
port mechanism through the buccal mucosa involves two
major routes, namely transcellular (intracellular), which
involves the crossing of the cellular membranes with a polar
and a lipid domain, and paracellular, (intercellular), which
implies passive diffusion through the extracellular lipid
domain. The triumph of this approach is shown by the
fact that at present the market shares for buccal delivery are
$3 billion and are expected to increase 11% annually through
2007. There remains a large number of drugs for which buccal
delivery is desirable but unfeasible at present because of
shortcomings of delivery by means of this route. Several
potential barriers to oral mucosal drug absorption have
been identified. The main obstacles that drugs meet when
administered by means of the buccal route derive from the
limited absorption area and the barrier properties of the
mucosa. In the current global scenario, various methodologies
have been applied to promote the bioavailability of drugs,
including supplemental administration of enzyme inhibitors,
new formulation strategies, reversible chemical modifications
and the use of absorption enhancers. The substances that
facilitate the permeation through buccal mucosa are referred
to as permeation enhancers. The use of permeation enhancers
to compromise the barrier properties of buccal mucosa has

been continuing for decades, and will permit in future the
delivery of broader classes of drugs through the buccal mucosa.
The selection of enhancer and its efficacy depend on the
physicochemical properties of the drug, site of administration,
nature of the vehicle and other excipients. So far, many
chemical penetration enhancers such as surfactants (anionic
and non-ionic), bile salts, chelators, fatty acids and alcohols
have been tested and found to be effective in facilitating buccal
drug administration experimentally. Nevertheless, no formu-
lation for buccal administration containing a penetration
enhancer has been introduced to the market so far. Among
the reported permeation enhancers, bile salts were found to be
the most widely used buccal penetration enhancer; it is
generally considered that oral mucosal damage caused by
bile salts would be less and reversible. The next category
among the enhancers that was found to be safe and effective
even at low concentration is terpenes; at present terpenes are
receiving a great deal of attention in pharmaceutical applica-
tions as potential permeation enhancers, owing to their low
systemic toxicity and high enhancement activity. Chitosan and
its derivatives, besides their permeabilizing effect, non-toxic-
ity, biocompatibility and biodegradability properties, recently
showed good permeation enhancement capacity for transmu-
cosal absorption of drugs, which makes it a promising and safe
mucosal penetration enhancer. There are few reports available
on the effect of fatty acids on the buccal delivery of peptides.
The next most promising agents for buccal delivery are
surfactants. However, the action depends on the kind of
surfactant used, the concentration and exposure time. Mostly
surfactants induce side effects such as protein denaturation or
extraction, enzyme inactivation, swelling of tissue and extrac-
tion of lipid components. Different permeation enhancers
have been utilized alone above and have shown a particular
mechanism of permeation. It is also anticipated that with the
use of permeation enhancers in combinations, a combined
mechanism of permeation may lead to higher permeation.
Further research is in progress across the globe to harness the
enhancement potential of some new buccal permeation
enhancers. A judicious selection of buccal enhancer would
be very helpful in the successful development of transmucosal
buccal products.

Acknowledgments

A Ahad expresses his thanks to the Council for Scientific and
Industrial Research (CSIR), India, for providing financial
assistance in the form of a senior research fellowship.

Declaration of interest

The authors state no conflicts of interest and have received no
payment in the preparation of this manuscript.

Chemical permeation enhancers for transbuccal drug delivery

108 Expert Opin. Drug Deliv. (2010) 7(1)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Bibliography
Papers of special note have been highlighted

as either of interest (.) or of considerable

interest (..) to readers.

1. Hoogstraate AJ, Wertz PHW. Drug

delivery via the buccal mucosa. Pharm Sci

Tech Today 1998;1:309-16
. Provides an insight into the buccal route

of drug delivery and the formulations that

are, or can be, used, and also describes the

challenges or possibilities of this route of

administration.

2. Harris D, Robinson JR. Drug delivery via

the mucous membranes of the oral cavity.

J Pharm Sci 1992;81:1-10

3. Rossi S, Sandri G, Caramella CM. Buccal

drug delivery: a challenge already won?

Drug Discov Today 2005;2:59-65
. Describes the strategies to overcome

buccal obstacles such as the use of new

materials that, possibly, combine

mucoadhesive, enzyme inhibitory and

penetration enhancer properties.

4. Scholz OA, Wolff A, Schumacher A, et al.

Drug delivery from the oral cavity: focus

on a novel mechatronic delivery device.

Drug Discov Today 2008;13:247-53

5. Gandhi RB, Robinson JR. Oral cavity as a

site for bioadhesive drug delivery.

Adv Drug Deliv Rev 1994;13:43-74

6. Galey WR, Lonsdale HK, Nacht S. The in

vitro permeability of skin and buccal

mucosa to selected drugs and tritiated

water. J Invest Dermatol 1976;67:713-17

7. Senel S, HIncal AA. Drug permeation

enhancement via buccal route: possibilities

and limitations. J Control Release

2001;72:133-44
.. Describes the work related to the

elucidation of mechanisms of action of

bile salts in buccal permeation

enhancement of various drugs and

mucosal irritation.

8. Giannola LI, Caro VD, Giandalia G, et al.

Diffusion of naltrexone across

reconstituted human oral epithelium and

histomorphological features.

Eur J Pharm Biopharm 2007;65:238-46

9. Rathbone MJ, Tucker IG. Mechanisms,

barriers and pathways of oral mucosal drug

permeation. Adv Drug Deliv Rev

1993;12:41-60
. It identifies the potential barriers that a

drug encounters and the possible

pathways through which it may traverse

the oral mucosa, and the mechanism of

oral mucosal drug absorption.

10. Whitehead K, Mitragotri S. Mechanistic

analysis of chemical permeation enhancers

for oral drug delivery. Pharm Res

2008;25(6):1412-9

11. Hoogstraate AJ, Verhoef JC, Pijpers A,

et al. In vivo buccal delivery of the peptide

drug buserelin with glycodeoxycholate as

an absorption enhancer in pigs. Pharm Res

1996;13:1233-37

12. Merkle HP, Wolany G. Buccal delivery for

peptide drugs. J Control Release

1992;21:155-64

13. Anders R, Merckle HP, Schurr W,

Ziegler R. Buccal absorption of protirelin:

an effective way to stimulate thyrotropin

and prolactin. J Pharm Sci

1983;72:1481-3

14. Shojaei AH. Buccal mucosa as a route for

systemic drug delivery: a review.

J Pharm Pharmaceut 1998;1(1):15-30

15. Martin L, Wilson CG, Koosha F,

Uchegbu IF. Sustained buccal delivery of

the hydrophobic drug denbufylline using

physically cross-linked palmitoyl glycol

chitosan hydrogels. Eur J Pharm Biopharm

2003;55:35-45

16. Singh B, Ahuja N. Development of

controlled-release buccoadhesive

hydrophilic matrices of diltiazem

hydrochloride: optimization of

bioadhesion, dissolution, and diffusion

parameters. Drug Dev Ind Pharm

2002;28:431-42

17. Liu C, Xu HN, Li XL. In vitro permeation

of tetramethylpyrazine across porcine

buccal mucosa. Acta Pharmacol Sin

2002;23:792-96

18. Siegel IA, Gordon HP. Penetration of oral

mucosa by organic compounds. J Dent Res

1979;58:109-10

19. Siegel IA, Izutsu KT, Watson E.

Mechanisms of non electrolyte penetration

across dog and rabbit oral mucosa in vitro.

Arch Oral Biol 1981;26:357-61

20. Siegel IA. Permeability of the rat oral

mucosa to organic solutes measured in

vivo. Arch Oral Biol 1984;29:13-6

21. Sadoogh-Abasian F, Evered DF.

Absorption of vitamin C from the human

buccal cavity. Br J Nutr 1979;42:15-20

22. Manning AS, Evered DF. The absorption

of sugars from the human oral cavity.

Clin Sci Mol Med 1976;51:127-32

23. McMullan JM, Manning AS, Evered DF.

Effect of calcium ions on the uptake of

sugars through the human buccal mucosa.

Biochem Soc Trans 1977;5:129-30

24. Evered DF, Offer RM. Aspirin inhibition

of glucose absorption from the human

mouth. Biochem Soc Trans

1981;9:133-34

25. Evered DF, Sadoogh-Abasian F, Patel PD.

Absorption of nicotinic acid and

nicotinamide across human buccal

mucosa. Life Sci 1980;27:1649-51

26. Evered DF, Mallett C. Thiamine

absorption across human buccal mucosa.

Life Sci 1983;32:1355-8

27. Hunjan MK, Evered DF. Absorption

of glutathione from the gastrointestinal

tract. Biochim Biophys Acta

1985;815:184-5

28. Evered DF, Vadgama JV. Absorption

of aminoacids from the human buccal

cavity. Biochem Soc Trans 1981;9:132-33

29. Kurosaki Y, Nishimura H, Terao K, et al.

Existence of a specialized absorption

mechanism for cefadroxil, an

aminocephalosporin antibiotic, in the

human oral cavity. Int J Pharm

1992;82:165-69

30. Squier CA, Wertz PW. Structure and

function of the oral mucosa and

implications for drug delivery. In:

Rathbone MJ, editor, Oral mucosal drug

delivery, Marcel Dekker, Inc., New York;

1996. p. 1-26

31. Squier CA. The permeability of keratinized

and non keratinized oral epithelium to

horseradish peroxidase. J Ultrastruct Res

1973;43:160-77

32. Squier CA, Rooney L. The permeability of

keratinized and non keratinized oral

epithelium to lanthanum in vivo.

J Ultrastruct Res 1976;54:286-95

33. Hill MW, Squier CA. The permeability of

oral palatal mucosa maintained in organ

culture. J Anat 1979;128:169-78

34. Dowty ME, Knuth KE, Irons BK,

Robinson JR. Transport of thyrotropin

releasing hormone in rabbit buccal mucosa

in vitro. Pharm Res 1992;9:1113-22

35. Squier CA, Lesch CA. Penetration

pathways of different compounds through

epidermis and oral epithelia. J Oral Pathol

1988;17:512-16

36. Squier CA. Effect of enzyme digestion on

the permeability barrier in keratinizing and

non keratinizing epithelia. Br J Dermatol

1984;111:253-64

Hassan, Ahad, Ali & Ali

Expert Opin. Drug Deliv. (2010) 7(1) 109

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



37. Dowty ME, Knuth KE, Robinson JR.

Enzyme characterisation studies

on the rate limiting barrier in rabbit

buccal mucosa. Int J Pharm

1992;88:293-302

38. Chattarajee SC, Walker RB. Penetration

enhancer classification. In: Smith EW,

Maibach HI, editors,

Percutaneous penetration enhancement,

CRC Press, Boca Raton, FL; 1995. p. 1-4

39. Aungst A. Permeability and metabolism as

barriers to transmucosal delivery of

peptides and proteins. In: Hsieh DS,

editor, Drug permeation enhancement.

Theory and applications, New York:

Marcel Dekker, 1994. p. 323-43

40. Lee VHL, Yamamoto A. Penetration and

enzymatic barriers to peptide and protein

absorption. Adv Drug Deliv Rev

1990;4:171-207
. Describes the penetration and

enzymatic barriers especially to peptide

and protein drug absorption through the

buccal route.

41. Hayashi M, Hirasawa T, Muraoka T, et al.

Comparison of water influx and sieving

coefficient in rat jejunal, rectal and nasal

absorption of antipyrine.

Chem Pharm Bull 1985;33:2149-52

42. Kamda A, Nishihata T, Kim S, et al. Study

of enamine derivatives of phenyl glycine as

adjuvant for the rectal absorption of

insulin. Chem Pharm Bull

1981;29:2012-19

43. Barry BW. Dermatological formulations,

percutaneous absorption. In: Barry BW,

editor. New York: Marcel Dekker, 270

Madison Avenue10016; 1983. p. 127-233

44. Junginger HE, Verhoef JC.

Macromolecules as safe penetration

enhancers for hydrophilic drugs –a fiction?

Pharm Sci Tech Today 1998;1:370-76

45. Lee VHL. Protease inhibitors and

penetration enhancers as approaches to

modify peptide absorption.

J Control Release 1990;3:213-23

46. Nicolazzo JA, Reed BL, Finnin B.

Buccal penetration enhancers: how do

they really work? J Control Release

2005;105:1-15

47. Williams AC, Barry BW. Penetration

enhancers. Adv Drug Deliv Rev

2004;56:603-18

48. Sudhakar Y, Kuotsu K,

Bandyopadhyay AK. Buccal bioadhesive

drug delivery – A promising option for

orally less efficient drug. J Control Release

2006;114:15-40
.. An excellent review of the developments

in the buccal adhesive drug delivery

systems, providing basic principles to

young scientists, this will be useful to

circumvent the difficulties associated with

the formulation design.

49. Okada H, Yashiki T, Mima H.

Vaginal absorption of a potent luteinizing

hormone releasing hormone analogue

(leuprolide) in rats III: effects of estrous

cycle on vaginal absorption of hydrophilic

model compounds. J Pharm Sci

1983;72:173-76

50. Nishihata T, Kim S, Morishita S, et al.

Adjuvant effects of glyceryl esters of

acetoacetic acid on rectal absorption of

insulin and inulin in rabbits. J Pharm Sci

1983;72:280-85

51. Nishihata T, Okamura Y, Kamada A, et al.

Enhanced bioavailability of insulin after

rectal administration with enamine as

adjuvant in depancreatized dogs.

J Pharm Pharmacol 1985;37:22-6

52. Windsor E, Cronheim GE.

Gastro-intestinal absorption of heparin

and synthetic heparinoids,. Nature

1961;190:263-64

53. Yamashita S, Saitoh H, Nakanishi K, et al.

Characterization of enhanced

intestinal permeability;

electrophysiological study on the

effects of diclofenac and ethylenediamine

tetraacetic acid. J Pharm Pharmacol

1985;37:512-13

54. Sakai K, Kutsuna TM, Nishino T, et al.

Contribution of calcium ion sequestration

by polyoxyethylated nonionic surfactants

to the enhanced colonic absorption of

p-aminobenzoic acid. J Pharm Sci

1986;75:387-90

55. Martin GP, Marriott C, Kellaway IW.

Direct effect of bile salts and phospholipids

on the physical properties of. mucus. Gut

1978;19:103-7

56. Madara JL, Dharmsathaphorn K.

Occluding junction structure-function

relationship in a cultured epithelial

monolayer. J Cell Biol 1985;101:2124-33

57. Ganem-Quintanar A, Kalia YN,

Falson-Rieg F, Buri P. Mechanism of oral

permeation enhancement. Int J Pharm

1997;156:127-42

58. Hao J, Heng PSW. Buccal delivery

systems. Drug Dev Ind Pharm

2003;29:821-32

59. Sandri G, Rossi S, Bonferoni MC, et al.

Buccal penetration enhancement

properties of N-trimethyl chitosan:

Influence of quaternization degree on

absorption of a high molecular weight

molecule. Int J Pharm 2005;297:146-55

60. Sandri G, Rossi S, Ferrari F, et al.

Assessment of chitosan derivatives as

buccal and vaginal penetration enhancers.

Eur J Pharm Sci 2004;21:351-59

61. Bernkop-Schnurch A. Chitosan and its

derivatives: potential excipients for peroral

peptide delivery systems. Int J Pharm

2000;194:1-13

62. Dodane V, Khan MA, Merwin JR. Effect

of chitosan on epithelial permeability and

structure. Int J Pharm 1999;182:21-32

63. Hamman JH, Schultz CM, Kotze AF.

Enhancement of paracellular drug

transport across mucosal epithelia by

N-trimethyl chitosan chloride.

STP Pharm Sci 2000;10:35-8

64. Tengamnuay P, Sahamethapat A,

Sailasuta A, Mitra K. Chitosan as nasal

absorption enhancers of peptides:

comparison between free amine chitosans

and soluble salts. Int J Pharm

2000;197:53-67

65. Senel S, Kremer MJ, Kas S, et al.

Enhancing effect of chitosan on peptide

drug delivery across buccal mucosa.

Biomaterials 2000;21:2067-71

66. Sandri G, Poggi P, Bonferoni MC, et al.

Histological evaluation of buccal

penetration enhancement properties of

chitosan and trimethyl chitosan.

J Pharm Pharmacol 2006;58(10):1327-36

67. Portero AC, Remunan-Lopez,

Nielsen HM. The potential of chitosan in

enhancing peptide and protein absorption

across the TR146 cell culture model an in

vitro model of the buccal epithelium.

Pharm Res 2002;19:169-74

68. Siegel IA, Gordon HP. Effects of

surfactants on the permeability of canine

oral mucosa in-vitro. Toxicol Lett

1985;26:153-58

69. Murakami T, Yata N, Tamauchi Y,

Kamada A. Studies of absorption

promoters for rectal delivery

preparations. II. A possible mechanism of

promoting efficacy of enamine derivatives

in rectal absorption. Chem Pharm Bull

1982;30:659-65

70. Murakami T, Sasaki Y, Yamajo R, Yata N.

Effect of bile salts on the rectal absorption

Chemical permeation enhancers for transbuccal drug delivery

110 Expert Opin. Drug Deliv. (2010) 7(1)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



of sodium ampicillin in rats.

Chem Pharm Bull 1984;32:1948-55

71. Lee VHL. Enzymatic barriers to peptide

and protein absorption and the use of

penetration enhancers to modify

absorption. In: Davis SS, Illum L,

Tomlinson E, editors, Delivery systems for

peptide drugs, Plenum Press, New York,

NY; 1986. p. 87-104

72. Veuillez F, Kalia YN, Jacques Y, et al.

Factors and strategies for improving buccal

absorption of peptides.

Eur J Pharm Biopharm 2001;51:93-109
.. Describes various approaches to improve

the buccal absorption of peptides,

including the use of buccal penetration

enhancers.

73. Hogan DTO, Illum L. Absorption of

peptides and proteins from the respiratory

tract and the potential for development of

locally administered vaccine. Crit Rev Ther

Drug Carrier Syst 1990;7:35-97

74. Yamamoto A, Luo AM, Dodda-Kashi S,

Lee VHL. The ocular route for systemic

insulin delivery in the albino rabbit.

J Pharmacol Exp Ther 1989;249:249-55

75. Senel S, Capan Y, Sargon MF, et al.

Histological and bioadhesion studies on

buccal bioadhesive tablets containing a

penetration enhancer sodium

glycodeoxycholate. Int J Pharm

1998;170:239-45

76. Hoogstraate AJ, Wertz PHW, Squier CA,

et al. Effects of the penetration enhancer

glycodeoxycholate on the lipid integrity in

porcine buccal epithelium in vitro.

Eur J Pharm Sci 1997;5:189-98

77. Senel S, Capan Y, Sargon MF, et al.

Enhancement of transbuccal permeation of

morphine sulfate by sodium

glycodeoxycholate in vitro.

J Control Release 1997;45:153-62

78. Hoogstraate AJ, Verhoef JC, Tuk B, et al.

Buccal delivery of fluorescein

isothiocyanate-dextran 4400 and the

peptide drug buserelin with

glycodeoxycholate as an absorption

enhancer in pigs. J Control Release

1996;41:77-84

79. Senel S, Hoogstraate AJ, Spies F, et al.

Enhancement of in vitro permeability of

porcine buccal mucosa by bile salts: kinetic

and histological studies. J Control Release

1994;32:45-56

80. Hoogstraate AJ, Senel S, Cullander C,

et al. Effects of bile salts on transport rates

and routes of FTIC-labelled compounds

across porcine buccal epithelium in vitro.

J Control Release 1996;40:211-21

81. Wang Y, Zuo Z, Chow MSS. HO-1-u-1

model for screening sublingual drug

delivery–Influence of pH, osmolarity,

permeation enhancer. Int J Pharm

2009;370:68-74

82. Xiang J, Fang X, Li X. Transbuccal delivery

of 2,3-ideoxy cytidine: in vitro permeation

study and histological investigation.

Int J Pharm 2002;231:57-66

83. Shin SC, Kim JY. Enhanced permeation of

triamcinolone acetonide through the

buccal mucosa. Eur J Pharm Biopharm

2000;50:217-20

84. Dhiman MK, Dhiman A, Sawant KK.

Transbuccal delivery of 5-fluorouracil:

permeation enhancement and

pharmacokinetic study. AAPS Pharm

Sci Tech 2009;10(1):258-65

85. Yamamoto A, Hayakawa E, Lee VHL.

Insulin and pro insulin proteolysis in

mucosal homogenates of the albino

rabbits: implications in peptide delivery

from non oral routes. Life Sci

1990;47:2465-74

86. Nakada Y, Awata C, Nakamichi C,

Sugimoto I. The effect of additives on the

oral mucosal absorption of human

calcitonin in rats. J Pharmacobiol Dyn

1988;11:395-401

87. Artusi M, Santi P, Colombo P,

Junginger HE. Buccal delivery of

thiocolchicoside: in vitro and in vivo

permeation studies. Int J Pharm

2003;250:203-13

88. Colonna C, Genta I, Perugini P, et al.

5-Methyl-Pyrrolidinone Chitosan Films as

Carriers for Buccal Administration of

Proteins. AAPS Pharm Sci Tech

2006;7:E1-E7

89. Sandri G, Bonferoni MC, Rossi S, et al.

Nanoparticles based on

N-trimethylchitosan: evaluation of

absorption properties using in vitro

(Caco-2 cells) and ex vivo (excised rat

jejunum) models. Eur J Pharm Biopharm

2007;65(1):68-77

90. Sahni JK, Chopra S, Ahmad FJ, Khar RK.

Potential prospects of chitosan derivative

trimethyl chitosan chloride (TMC) as a

polymeric absorption enhancer: synthesis,

characterization and applications.

J Pharm Pharmacol 2008;60(9):1111-9

91. Sadeghi AM, Dorkoosh FA, Avadi MR,

et al. Permeation enhancer effect of

chitosan and chitosan derivatives:

comparison of formulations as soluble

polymers and nanoparticulate systems on

insulin absorption in Caco-2 cells.

Eur J Pharm Biopharm 2008;70(1):270-8

92. Ahad A, Aqil M, Kohli K, et al. Chemical

penetration enhancers: a patent review.

Expert Opin. Ther. Patents

2009;19(7):969-88

93. Silvestre AJD, Gandini A. Terpenes: major

sources, properties and applications

monomers, polymers and composites from

renewable resources. Elsevier: Amsterdam,

Boston; 2008. p. 17-38

94. Aqil M, Ahad A, Sultana Y, Ali A. Status of

terpenes as skin penetration enhancers.

Drug Discov Today 2007;12:1061-67
.. An excellent review on the utility of

terpenes as permeation enhancers for

transdermal drug delivery.

95. Shojaei AH, Khan M, Lim G,

Khosravan R. Transbuccal permeation of a

nucleoside analog, dideoxycytidine: effects

of menthol as a permeation enhancer.

Int J Pharm 1999;192:139-46

96. Ceschel GC, Maffei P, Moretti MDL,

et al. In vitro permeation through porcine

buccal mucosa of Salvia desoleana Atzei &

Picci essential oil from topical

formulations. Int J Pharm

2000;195:171-77

97. Coutel-Egros A, Maitani Y, Veillard M,

et al. Combined effects of pH, co-solvent

and penetration enhancers on the in vitro

buccal absorption of propranolol through

excised hamster cheek pouch. Int J Pharm

1992;84:117-28

98. Kitano M, Maitani Y, Takayama K,

Nagai T. Buccal absorption through

golden hamster cheek pouch in vitro

and in vivo of 17beta-estradiol from

hydrogels containing three types of

absorption enhancers. Int J Pharm

1998;174:19-28

99. Attia MA, EI-Gibaly I, Shaltout SE,

Fetih GN. Transbuccal permeation,

anti-inflammatory activity and clinical

efficacy of piroxicam formulated in

different gels. Int J Pharm 2004;276:11-28

100. Siegel IA, Gordon HP. Surfactant-induced

alterations of permeability of rat oral

mucosa to non-electrolytes in-vivo.

Arch Oral Biol 1985;30:43-7

101. Steward A, Bayley DL, Howes C. The

effect of enhancers on the buccal

absorption of hybrid (BDBB)

Hassan, Ahad, Ali & Ali

Expert Opin. Drug Deliv. (2010) 7(1) 111

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



alpha-interferon. Int J Pharm

1994;104:145-9

102. Aungst BJ, Rogers NJ. Comparison of the

effects of various transmucosal absorption

promoters on buccal insulin delivery.

Int J Pharm 1989;53:227-35

103. Shin SC, Bum JP, Choi JS. Enhanced

bioavailability by buccal administration of

triamcinolone acetonide from the

bioadhesive gels in rabbits. Int J Pharm

2000;209:37-43

104. Gandhi R, Robinson J. Mechanisms of

penetration enhancement for transbuccal

delivery of salicylic acid. Int J Pharm

1992;85:129-40
.. Provides good insight into the

identification of the permeability barrier

and the mechanism of enhancer activity.

105. Figueiras A, Hombach J, Veiga F,

Bernkop-Schnurch A. In vitro enhancing

effect of

1-dodecylazacycloheptan-2-evaluation of

natural and methylated cyclodextrins as

buccal permeation enhancing system for

omeprazole delivery.

Eur J Pharm Biopharm 2009;71:339-45

106. Marttin E, Verhoef JC, Cullander C, et al.

Confocal laser scanning microscopic

visualization of the transport of dextrans

after nasal administration to rats: effects of

absorption enhancers. Pharm Res

1997;14:631-37

107. Hovgaard L, Bronsted H. Drug delivery

studies in Caco-2 monolayers. IV.

Absorption enhancer effects of

cyclodextrins. Pharm Res

1995;12:1328-32

108. Marttin E, Verhoef JC, Spies F, et al. The

effect of methylated betacyclo- dextrins on

the tight junctions of the rat nasal

respiratory epithelium: electron

microscopic and confocal laser scanning

microscopic visualization studies.

J Control Release 1999;57:205-13

109. Stoughton RB. Enhanced percutaneous

penetration with dodecylaza-cycloheptan-

2-one. Arch Dermatol 1982;118:474-77

110. Stoughton RB, McClure WO. Azone�, a

new non-toxic enhancer of percutaneous

penetration. Drug Dev Ind Pharm

1983;9:725-44

111. Kurosaki Y, Hisaichi S, Nakayama T, et al.

Enhancing effect of

1-dodecylaza-cycloheptan-2-one

(Azone�) on the absorption of salicylic

acid from keratinized oral rnucosa and the

duration of enhancement in vivo.

Int J Pharm 1989;51:47-54

112. Nicolazzo JA, Reed BL, Finnin BC.

Enhancing the buccal mucosal uptake and

retention of triamcinolone acetonide.

J Control Release 2005;105:240-48

113. Barry BW. Mode of action of penetration

enhancers in human skin.

J Control Release 1987;6:85-97

114. Hadgraft J, Williams DG, Allan G.

Azone� mechanisms of action and clinical

effect. In: Walters KA, Hadgraft J, editors,

Pharmaceutical skin

penetration enhancement, New York:

Marcel Dekker; 1993.

p. 175-97

115. Tsutsumi K, Obata Y, Takayama K, et al.

Effect of the cod-liver oil extract on the

buccal permeation of ionized and non

ionized forms of ergotamine using the

keratinized epithelial-free membrane of

hamster cheek pouch mucosa. Int J Pharm

1998;174:151-6

116. Higuchi T. Physical chemical analysis of

percutaneous absorption process from

creams and ointment. J Soc Cosmet Chem

1960;11:85-97

117. Loftsson J, Gudmundsdottir TK,

Fridriksdottir H, et al. Fatty acids from

cod-liver oil as skin penetration enhancers.

Pharmazie 1995;50:188-90

118. Starokadomskyy PL, Dubey IY. Lysalbinic

acid – a new absorption enhancer for the

buccal delivery of peptide drugs.

Kyiv Ukraine 2005;6:79-85

119. Starokadomskyy PL, Dubey IY. New

absorption promoter for the buccal

delivery: Preparation and characterization

of lysalbinic acid. Int J Pharm

2006;308:149-54
. Describes the use of lysalbinic acid as an

absorption enhancer for the buccal

delivery of peptide drugs.

120. Starokadomskyy PL. New possibilities of

chewing gum in local therapy. In:

Proceedings of the Conference for Young

Scientists, PhD Students and Students,

Institute of Molecular Biology and

Genetics, Kyiv, Ukraine, September

25–27; 2003. p. 263

121. Soyani AP, Chien YW. Systemic delivery

of peptides and proteins across absorptive

mucosae. Crit Rev Ther Drug Carrier Syst

1996;13:85-184

122. Remon JP. Absorption enhancers. In:

Swarbrick J, editor, Encyclopedia of

pharmaceutical technology. 3rd edition.

Informa Healthcare: London, UK; 2006;

Vol-1. p. 13-15

Affiliation
Nisreen Hassan, Abdul Ahad, Mushir Ali &

Javed Ali†

†Author for correspondence

Department of Pharmaceutics,

Faculty of Pharmacy,

Jamia Hamdard,

Hamdard Nagar,

New Delhi-110 062, India

Tel: +91 9811312247; Fax: +91 11 2605 9663;

E-mail: jali@jamiahamdard.ac.in

Chemical permeation enhancers for transbuccal drug delivery

112 Expert Opin. Drug Deliv. (2010) 7(1)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


