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Owing to the ease of the administration, the oral cavity is an attractive site for the delivery of drugs. The main
difficulty for administration via the buccal route is an effective physiological removal mechanism of the oral
cavity that takes way the formulation from the buccal site and decreases the bioavailability of drugs. The use of
mucoadhesive polymers in buccal drug delivery shows assessing buccal drug permeation and absorption,
however some studies bring an in vivo performance. This review points to the use of polymers in the manufacture
of drug delivery systems (hydrogels, films and tablets) and shows the results of their in vivo performance tests.

1. Introduction

Buccal route offers several advantages than oral route [1] due to the
high total blood flow which ensures systemic bioavailability, avoiding first-
pass hepatic metabolism and gastrointestinal drug degradation [2]. More-
over, it is easily accessible for administration by patient and suitable for
dosage forms administration and removal. However, the accidental swal-
lowing of delivery systems and the continuous dilution by saliva could
determine a low residence time of formulation in buccal cavity and, con-
sequently, a low drug bioavailability [3]. For this reason, various bio(muco)
adhesive polymers which can establish a strong adhesive contact with the
buccal mucosa, allowing one to increase residence time of delivery systems
and to optimize drug bioavailability [4,5].

Polymers have been related to drug delivery systems [6], especially
buccal drug delivery [7-9]. Some structural characteristics for polymers
include: strong hydrogen bonding groups, strong anionic or cationic
charges, high molecular weight, chain flexibility, and surface energy
properties favoring spreading on a mucus layer [10-12].

A wide range of polymers, both natural and synthetic, have been
studied for their potential use as mucoadhesives (Table 1). The poly-
mers that adhere to the mucin surface can be conveniently divided into
three broad categories: 1) polymers that become sticky when placed in
water and owe their bioadhesion to stickiness; 2) polymers that adhere
through nonspecific, noncovalent interactions that are primarily elec-
trostatic in nature (although hydrogen and hydrophobic bonding may
be significant); 3) polymers that bind to specific receptor sites on the
cell surface [10,13,14].

For application to buccal mucosa, polymers may have desirable
characteristics, such as: polymers and its degradation products should
be nontoxic; it should not irritate the mucous membrane; the polymer
should allow flexibility and comfort of the dosage form; it should ad-
here quickly to moist tissue and should possess some site specificity;
and it should allow easy incorporation of the drug and offer no hin-
drance to its release [12,15,16].

This review summarizes the applications of polymers for designing
of dosage forms for buccal route, with emphasis on in vivo performance
studies, which are pharmacological, pharmacodynamic and pharma-
cokinetic studies.

2. Buccal drug delivery

The release of drugs for the buccal route has gained great interest in
Pharmacy and Materials Science [3,17]. This interest has increased
because the oral route compared to oral administration, and it has more
advantages and maximizes the therapeutic potential of drugs [18,19].
Drugs administered by the buccal route not show pre-systemic meta-
bolism, however, it happens in the gastrointestinal tract, as well as the
first pass metabolism in the liver after absorption to the bloodstream
[18].

The main challenge for the success of buccal release is the residence
time of the dosage forms in the oral environment. The dosage forms
need to maintain contact with the mucous membrane to allow the drugs
to act at the buccal site, or to be absorbed through the mucosa.
However, the shearing in the oral environment, caused by saliva flow,
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Table 1
Mucoadhesive polymers in buccal delivery.
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Criteria Categories Examples

Source Semi-natural/natural Agarose, chitosan, gelatin

Hyaluronic acid

Gums (guar, hakea, xanthan, gellan, carrageenan, pectin, and sodium alginate)

Synthetic

Cellulose derivatives: CMC, thiolated CMC, sodium CMC, HEC, HPC, HPMC, MC, methylhydroxyethylcellulose

Poly(acrylic acid)-based polymers: Carbomers, PAA, polyacrylates, poly(methylvinylether-co-methacrylic acid), poly(2-
hydroxyethyl methacrylate), poly(acrylic acid-co-ethylhexylacrylate), poly(methacrylate), poly(alkylcyanoacrylate),
poly(isohexylcyanoacrylate), poly(isobutylcyanoacrylate), copolymer of acrylic acid and PEG

Others: Poly(N-2-hydroxypropyl methacrylamide) (PHPMAm), polyoxyethylene, PVA, PVP, thiolated polymers

Water-soluble
Water-insoluble

Aqueous solubility

Charge Cationic
Anionic
Non-ionic
Potential bioadhesive forces ~ Covalent Cyanoacrylate

Hydrogen bond

Electrostatic interaction Chitosan

HEC, HPC (water < 38 °C), HPMC, PAA, sodium CMC, sodium alginate

Chitosan (soluble in dilute aqueous acids), EC

Aminodextran, chitosan, dimethylaminoethyl (DEAE)-dextran, trimethylated chitosan
Chitosan-EDTA, CMC, pectin, PAA, sodium alginate, sodium CMC, xanthan gum
Hydroxyethyl starch, HPC, poly(ethylene oxide), PVA, PVP, scleroglucan

Acrylates [hydroxylated methacrylate, poly(methacrylic acid)], PC, PVA

CMC: carboxymethyl cellulose; HEC: hydroxyethylcellulose; HPC: hydroxypropyl cellulose; HPMC: hydroxypropyl methylcellulose; MC: methylcellulose; PAA: poly(acrylic acid); PVA:
poly(vinyl alcohol); PVP: poly(vinyl pyrrolidone); EC: ethyl cellulose; PEG: polyethylene glycol; EDTA: ethylenediamine tetraacetic acid.

chew, swallow, speech, may prevent adhered to the oral mucosa and
this leads to a reduction or no efficacy of drugs [18,20,21].

A buccal mucosa covers the inside of the cheek, as well as an area
between gums and upper and lower lips [22] and has an average sur-
face area of 100 cm? [19]. Mucosa has a function to protect underlying
tissues from mechanical and chemical damage [19].

The anatomy of the buccal site consists of three types of mucosa: the
mucous membrane lining found outside the oral vestibule, the sub-
lingual region and the specialized mucosa. The specialized mucosa is
found on the dorsal surface of the tongue, while the masticatory mucosa
is found on the hard palate and gums [21]. The mucous membrane
lining comprises about 60%, the masticatory mucosa approximately
25%, and the specialized mucosa approximately 15% of the total sur-
face area of the oral mucosa in an adult human [23]. Fig. 1 shows a
schematic representation of oral cavity.

The masticatory mucosa is located in regions particularly sensitive
to stress from chewing activity. The cells of the masticatory mucosa are
keratinized and a lamina propria connects the mucosa to the perios-
teum. The mucous membrane lining, on the other hand, is not so subject
to these masticatory shears and, consequently, has a non-keratinized
epithelium, and a thin and elastic lamina attached to submucosa. The
mucosa present in the dorsum of the tongue is a specialized mucosa and
surfaces embedded with numerous papillae and taste receptors [23].
Schematic representation of oral mucosa histology is shown in Fig. 1.
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The mucosa thicknesses range from 500 to 800 um for a buccal
mucosa and for a sublingual and gingival mucosa, thickness values
between 100 and 200 um [24]. The nature of the epithelial mucosa
varies according to tissue function, but in general it functions as a
barrier to lipophilic drugs [24]. Saliva is a moderately viscous aqueous
fluid secreted by the parotid, submandibular and sublingual glands
[25]. A salivary film is distributed over the mouth surfaces, coating the
epithelial cells and tooth enamel [26] and the thickness of this film is
about 70-100 um [23].

The major components of saliva are mucus, proteins, minerals and
enzymes. Saliva is considered a weak buffer system with a pH of 5.5-7,
and the pH range depends on the composition and ionic composition
that are affected by the type and degree of stimulation (smell, taste, and
type of food). The normal salivary flow rate is approximately
0.5 mL min~ !, resulting in daily secretion between 0.5 and 2 L, but due
to continuous swallowing, the constant volume of saliva in the mouth is
approximately 1 mL [18,19].

Mucus is composed mainly of glycoproteins which are called mu-
cins, which are macromolecules with a molecular weight between 0.5
and 20 MDa [27]. Slomiany et al. [28] reviewed the molecular aspects
of salivary mucins and the nature of oral mucosa interactions with
mucin. The negative charges of the mucins, in physiological pH values,
result of ionization of sialic acid and sulphate residues. These negative
charges allow the mucin to attach to the surface of epithelial cells,

Fig. 1. Schematic representation of oral cavity and buccal
mucosa histology.
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forming a gel layer on the surface of the epithelium. In aqueous media,
the mucins molecules are complexed gelling systems and that are sta-
bilized by intra- and intermolecular hydrogen bonding, electrostatic
interactions and disulfide bonding between the cysteine residues pre-
sent in non-glycosylated regions [29]. The amount of disulfide bond
present in the mucins influences the their viscoelastic behavior [30].

Paderni et al. [31] reported that administration of drugs through the
buccal mucosa can be subdivided into two different approaches that
may result in a local or systemic effect. This variability results from the
regional differences in terms of anatomical characteristics and perme-
ability of each anatomical site [31,32]. The keratinized mucosae pre-
sent in the gingival and hard palatal are not considered a site for sys-
temic administration and are these mucosae is considered useful sites
for the local delivery of drugs in the treatment of oral diseases located
in the gingiva or palate [31,33].

The administration through the non-keratinized mucosa can be
subdivided into two approaches: sublingual delivery or delivery
through the buccal mucosa [31]. The sublingual mucosa is more
permeable and has high vascularization and thinner than the buccal
mucosa, and it shows a viable site for rapid onset for the absorption of
drugs [34]. Thus, the sublingual route is generally used for systemic
delivery in the treatment of acute disorders (angina pectoris or acute
pain). However, the surface of this mucosa is constantly washed by the
saliva and the shear exerted by the tongue makes it difficult to maintain
the dosage form in contact with the mucosa [34].

The cheeks mucosa is less permeable, and unable to provide a rapid
onset of absorption when compared to the sublingual mucosa; however,
it may have local or systemic effects when drugs are administered
[1,31]. The surface of the buccal mucosa is relatively immobile and
more permeable than the other tissues of the oral mucosa. Thus, it
becomes a place of choice for the administration of controlled release
systems that need to be adhered for an extended period [34].

Transport of drugs through the transcellular pathway, also known as
the intracellular pathway, may occur by diffusion to low molecular
weight molecules or by active transport, also known as facilitated dif-
fusion, to polar or ionic compounds; or by endocytosis and transcytosis
for macromolecules [35].

The transport of molecules through the intracellular pathway is a
complex phenomenon that is dependent of physicochemical proprieties
of the drugs, such as molecular weight, oil/water partition coefficient,
ionic charge and structural conformation. Lipophilic compounds and
small hydrophobic molecules predominantly pass through by in-
tracellular transport [24]. These transport pathways are shown in
Fig. 2.

Cell membrane is lipophilic, for hydrophilic drugs have difficulty to
permeating the cell membrane. The passive transport of hydrophilic
compounds, including macromolecules, such as peptides and proteins,
may be enhanced by the interaction of the excipients of the formulation
with the phospholipid bilayer and the integrated membrane proteins
[35]. In the case of lipophilic drugs, the lipid bilayer performs the
pathway and, for hydrophilic drugs, there is an interaction associated
with the aqueous regions adjacent to the polar groups of the phos-
pholipid head present in the lipid bilayers [36]. Water-soluble solutes,
such as amino acids, ions and sugars, can be diffused through the pores
present in cell membranes [35].

Although the buccal mucosa as a novel drug delivery route is being
widely explored recently, its potential as a route for drug delivery was
known to mankind centuries ago. Modern day researchers are therefore
exploring the various routes available for drug delivery, especially
through the oral mucosa, and coming up with novel drug delivery
systems: tablets, films, patches, gels and nanotechnology-based systems
(Table 2).

3. Mucoadhesion theories

Bioadhesion can be defined as the state in which two materials, at
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least one of which is biological, are held together for an extended
period of time by interfacial forces [17,85]. Bioadhesive systems ap-
plied to mucous membranes are often defined as mucoadhesive, but the
use of these terms may be interchangeable [86].

Mucoadhesive systems can be defined as those that bind the mole-
cules of the mucus layer, but in reality it is difficult to discern whether
the interaction occurs on the cell surface or between the molecules of
the material and the mucus layer [87].

The mechanism of adhesion of certain molecules on the surface of a
tissue or mucosa is not yet very well understood. The mucoadhesive
pharmaceutical form should spread on the substrate to initiate a contact
with the surface, promoting the diffusion of its chains into the mucus.
The forces of attraction and repulsion arise, and for the occurrence of
mucoadhesion, there must be a predominance of attraction forces [85].

Thus, the mucoadhesion process is generally divided into two
stages, the contact the consolidation stage, both shown in Fig. 3. The
first step is characterized by the contact between the material and the
mucous membrane, where will occur the spreading and swelling of the
formulation, initiating a contact with the mucus layer [88]. In the next
step, in the consolidation phase, the mucoadhesive materials initiate a
molecular interaction with the mucus by a van-der-Waals forces or
hydrogen bonds [85].

There are two theories that explain the consolidation step: diffusion
and dehydration theory. According to the theory of diffusion, mu-
coadhesive molecules and the mucus glycoproteins interact mutually by
interpenetration of their chains and the supramolecular interactions
[85]. This mechanism is shown in Fig. 4.

Diffusion theory tends to happen with the mucoadhesive device has
characteristics that favor the interactions, both chemical and mechan-
ical, with the mucus. Molecules with functional groups that can interact
hydrogen bonds (OH, —COOH), anionic surface charge; or flexible
chains of polymers, can interact and penetrate the mucus layer [89].
The molecular structures of main polymers presented in this article are
shown in Fig. 5.

Different individual adhesion theories have been suggested to ex-
plain mucoadhesion (Table 3), however the combination of these may
provide a satisfactory understanding of the phenomena that have oc-
curred [90,91].

4. Dosage forms for drug release
4.1. Hydrogels

Hydrogels are three-dimensional, hydrophilic, polymeric homo-
polymers or copolymers networks capable of imbibing large amounts of
water or biological fluids [92-94]. These hydrogels exhibit a thermo-
dynamic compatibility with water which allows them to swell in aqu-
eous media [92,95]. Hydrogels can be classified as neutral or ionic,
based on the nature of the side groups of polymers. Hydrogels may also
show a swelling behavior dependent on the external environment [96];
these systems are caller physiologically-responsive hydrogels [92,97] or
recently as smart stimuli hydrogels [98-102]. In other words, poly-
meric formulations that are in sol forms before entering in the body, but
change to gel forms under the physiological conditions [103,104].
Some of the factors affecting the swelling of physiologically-responsive
hydrogels include pH, ionic strength, temperature and electromagnetic
radiation [105].

Porosity and mesh networks of hydrogels also permits loading of
drugs into the gel matrix and subsequent drug release at a rate de-
pendent on the diffusion coefficient of the small molecule or macro-
molecule through the gel network [95,106,107]. Hydrogels are also
relatively deformable and can conform to the shape of the surface to
which they are applied [10,92,108]. In the latter context, the muco- or
bioadhesive properties of some hydrogels can be advantageous in im-
mobilizing them at the site of application, ie. buccal route [109]
(Fig. 6).
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Fig. 2.The drug transport mechanism
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Chitosan gels were evaluated in dogs with periodontal disease to
treatment of gingivitis. Gels containing doxycycline and meloxicam
were applied in the mouth of Beagle dogs presenting gingivitis sec-
ondary to periodontal disease. The treatment was administered for
seven days, every 12h cycle. The results showed improvements in
clinical score, but was not observed statistics significance between the
groups [37].

Neonatal hypoglycaemia is a common condition affecting 5% to
15% of infants in the immediate postnatal period [110]. Dextrose gel
can be administered by direct application to mucosal surfaces of the
mouth, including buccal and lingual surfaces [38]. Absorption from
these sites may allow rapid access to the circulation. Some proportion of
the dose may be swallowed and absorbed from the gastrointestinal tract
[111]. Major result showed the treatment with dextrose gel is in-
expensive and simple to administer. This gel should be considered for
first line treatment to manage hypoglycaemia in late preterm and term
babies in the first 48 h after birth [38].

The peptide HsTX1[R14A] is a potent and selective blocker of the
voltage-gated potassium channel, a well-recognized therapeutic target
for autoimmune diseases [112]. To overcome the poorly oral absorption
and consequent need for regular injections, the potential of the non-
invasive buccal mucosa for systemic delivery was investigated. Then,
this peptide in solution or formulated in chitosan gel with or without
cetrimide was administered in Swiss mice. After buccal administration
in mice, the peptide was detected in plasma, with the presence of ce-
trimide in the gel further enhancing plasma exposure, with area under
the plasma concentration-time curve values of 77.9 +* 9.7 and
31.0 + 2.3nMh™ ", respectively [39]. This study enforces the buccal
mucosa is a promising alternative administration route for the peptides
for non-invasive routes. But, due to the physiochemical instability and
enzymatic barrier of proteins and peptides there are several hurdle to
develop suitable formulation [113-115]. Due the high molecular
weight and size molecular is need of penetration enhancers, enzyme
inhibitors and suitable vehicles for non-invasive delivery to increase the
bioavailability [116].

Curcumin solid-lipid nanoparticle (SLN)-loaded gels composed by
polycarbophil and poloxamer 407 and were tested for treatment of
precancerous lesions [40]. Clinical study was performed in patients
with oral erythroplakia. The samples were administered in the mouth at
dose of 6mg for curcumin to day for 6 weeks. Clinical evaluations

132

major routes: transcellular (intracellular)
and paracellular (intercellular) pathways.

Drug

Stratified squamous
epithelium

Blood
vessel

presented as pain index, and lesion size were made at study entry, every
2 weeks over a 6-week period and 3 months after the study period.
Polymeric binary mixture of both polymers provided mucoadhesive gel
matrix of high mucoadhesion, high viscosity and good spreadability. In
vivo residence time achieved a duration of 25min, this time allowed
lipid nanoparticles penetration into the mucosal layer. Major results
were higher rate of healing, effective pain index and reduction in lesion
size of lesions with significant difference (p < 0.05) to control gel
(curcumin not entrapped into nanoparticles) [40]. The incorporation of
curcumin-loaded SLN into mucoadhesive gel provided an efficient ap-
proach for oral mucosal targeting.

Another study shows a Carbopol® gel for incorporation of simvas-
tatin-loaded microemulsion for buccal delivery [41]. Pharmacokinetics
study was performed in Albino Wistar rats and showed a maximum
concentration (Cmax) value (131.208 + 21.563 ng mL™ 1) of the
buccoadhesive gel was found to be significantly higher (p < 0.001)
when compared to the same dose administered by an oral route (Cmax-
68.513 + 9.821 ngmL"~ 1. The relative bioavailability (Fr) of the
optimized buccal gel was about 385.3% higher than that of the oral
marketed tablet [41].

Graciano et al. [42] reported toluidine blue O-loaded chitosan gels
as a delivery system for photodynamic therapy of buccal cancer. In vivo
retention of mucosa and photodynamic therapy were evaluated in Swiss
mice. Animals were treated with the formulation at exposure times (1 h,
3 h or 6h). These results showed that the 4% chitosan gel enhanced
photosensibilizer retention by approximately 1.9-fold relative to the
control (toluidine blue O in solution) (p < 0.001). Photodynamic
therapy was evaluated by application of formulation in the tongue and
1 h after administration, the site was irradiated by a laser operating at
670 nm at a total energy of 80 J/cm?. The results showed an increase in
the number of apoptotic cells when treated with 4% chitosan gel con-
taining 1% toluidine blue O followed by laser exposure. This increase
was approximately 1.8 fold greater and was significantly different from
the controls (p < 0.001) [42].

Jin et al. [43] investigated the potential of the buccal mucosa of
Stichodactyla helianthus neurotoxin-loaded chitosan gel. This peptide is
used for the treatment of autoimmune diseases. Formulations were
administered in the buccal mucosa of mice and the pharmacokinetics
was evaluated. Concentration of neurotoxin was achieved at the initial
2 h post-administration. Cmax was ~ 16 nM and ~ 2 nM for neurotoxin-
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Fig. 3. The two stages in mucoadhesion.
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Fig. 4. Secondary interactions resulting from interdiffusion of bioadhesive polymer
chains and mucins of mucus.

loaded gel containing cetrimide and -loaded gel without cetrimide,
respectively, and AUC values of 55.8 + 6.3nM'h and
22.9 = 4.9 nMh in the presence and absence of cetrimide, respectively
[43]. Among these chemicals, like cetrimide, used for the drug per-
meation enhancement in the buccal route [32].

A catechol-modified chitosan crosslinked with genipin patches were
developed [44]. In-vivo studies concluded these systems adhere to
rabbit buccal mucosa. Due this mucoadhesive force, lidocaine, as drug
model, was detected in the serum of rabbits. Howeever, the serum
content for modified chitosan was much higher than unmodified chit-
osan as matrix material. These systems show no inflammation on the
buccal tissue in contact with the patches. These systems show that the
proposed catechol-modified chitosan hydrogel is a promising mu-
coadhesive and biocompatible hydrogel system for buccal drug delivery
[44].

A microemulsion was loaded into N-succinyl chitosan gel and this
system was tested in 5-fluoro uracil induced oral mucositis in mice. The
results showed enhanced survival ratio, weight gain and high tissue
regeneration activity than chitosan gel formulation within 15 days
[45].

Linseed mucilage based gel was loaded venlafaxine with propose to
avoid first pass metabolism, which leads to increase the bioavailability
of the drug [46]. Designed formulation was tested in rabbits and the
bioavailability by the oral route and buccal route were compared with
that of the intravenous route. Results showed values of 63.08 + 1.28%
by buccal route, which was higher than by the oral route
(39.21 * 6.18%). Based on these results, the combination of linseed
mucilage and chitosan can be used to form a buccal mucoadhesive gel
and increased the bioavailability of venlafaxine [46].

Materials Science & Engineering C 86 (2018) 129-143

Triamcinolone acetonide-loaded hydrogel (composed by poloxamer
and carbopol) was prepared by electron beam irradiation and evaluated
for use as a buccal mucoadhesive drug delivery system [47]. Topical
therapeutic effect of triamcinolone acetonide on wounded rat buccal
mucosa was performed. Histological studies of tissue showed the in-
flammatory response in the mucosa was milder than that in the other
groups (saline and drug solution), and the wound surface was com-
pletely covered with hyperkeratotic epithelial cells [47].

Elkomy et al. [49] to develop transferosomal gel for transbuccal
delivery of loratadine due limited solubility, poor oral bioavailability of
this drug. Drug loaded-transferosome was incorporated into Carbopol®
and Poloxamer® gels. The systems were evaluated in humans and the
parameters pharmacokinetics were achieved. Results showed the
bioavailability of the transferosomal gel when compared to marketed
oral obtained reduced values for Cmax and AUC and bioavailability was
76 and 90%, respectively, when the buccal gel was used. The presence
of gel remainders in the buccal cavity of all volunteers after 120 min of
the administration.

Karavana et al. [50] designed a Cyclosporine A-loaded SLN and its
was incorporated into Carbopol 974 P NF and HPMC K 100M for for-
mation of hydrogels. In vivo distribution of gels was performed and
formulations were applied on the rat buccal mucosa. Besides, the effi-
cacy was evaluated by oral ulcer model on the gingiva in the New
Zealand rabbits. In vivo distribution studies showed that the formula-
tions containing nanocarriers remained on the buccal mucosa 6 h after
application. Lesions were covered with the gel formulation containing
no active agent; moderate improvement was observed, compared with
untreated animals, suggesting that the gel base provided a protective
layer over the lesion. At end of treatment, histological studies showed
epithelialization in both treatment groups while incomplete epithelia-
lization was observed in the control group [50].

Pharmacokinetics of buprenorphine in a sodium carbox-
ymethylcellulose gel administered to buccal route was compared to
same drug administered by intravenous route in dogs [52]. AUC were
found and was 3082 + 1047 and 6032 *+ 1884 ngminmL~' and
absolute bioavailability was 63%. These results suggest that the phar-
macokinetics of drug administered intravenously or transmucosally are
similar and that transmucosal administration may be considered as a
noninvasive alternative to intravenous administration [52].

HPMC E15 LV and Carbopol 934P blended gels were developed for
achieving enhanced bioavailability of glibenclamide [53]. In-vivo eva-
luation for pharmacodynamic and pharmacokinetic properties of the
optimized gel was done in rabbits. Major results showed the reduction
in blood glucose levels of buccal gels in comparison with oral suspen-
sion of the tablet of glibenclamide in rabbits was significant (p < 0.05)
between the glibenclamide marketed tablet and the formulated buccal
gels up to the 10h and (p < 0.01) in the 24h. The decrease in blood
glucose levels up to 19.14 * 2.41% in the case of normal rabbits, and
35.45 *= 0.97% in the case of diabetic rabbits. The pharmacokinetic
parameters obtained with gels were significantly (p < 0.05) different
from those obtained with tablet administration, which could be due to
the rapid absorption of drugs via the oral route; whereas drug in the
buccal route were slowly but continuously absorbed. AUC,_..
(hpg mL™ ) was 108.46 + 1.78 and 237.61 + 4.30 for glib-
enclamide oral suspension of tablet and gel formulation, respectively
[53].

Chitosan glutamate gels were investigated for local anesthetic ac-
tivity for buccal application [54]. The pharmacological activity of the
lidocaine-loaded hydrogels was assessed in healthy volunteers. All the
tested hydrogels produced a mean local anesthetic activity lasting
20-30min and was not statistically different (F > 0.1) from the results
obtained with the commercial product (= 19min). The highly sig-
nificant differences in the activity measured among the hydrogels (in
presence of glycerin) had a strong effect on the technological properties
of these formulations [54].

Hydrogels of Poloxamer-407, HPMC K15M and methyl vinyl ether/
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maleic anhydride copolymer (Gantrez™ S-97) and these hydrogels were
loaded with5-fluorouracil (5-FU) [55]. For residence time and mu-
coadhesion the gels were radiolabeled and then were applied in buccal
mucosa of rabbits. Gel formulations were place in the buccal cavity, the
rabbits were fixed on a board and imaging was performed using a single
photon emission computerized tomography gamma camera [55]. The y-
scintigraphic images of the rabbits taken after 6U) h post-administra-
tion of buccoadhesive gels showed the presence of major portion of gels
in the buccal cavity indicating in vivo bioadhesion of the gels. For
pharmacokinetics from oral tablets, gels and intravenous administra-
tion were achieved. AUC was 6562.73 + 854, 7069 = 902,

Table 3

7787.99 = 1054 and 12,653.65 *= 1405 21,467.79 = 1701.12 for
oral conventional tablet, oral solution, gel without STGC (control), gel
with sodium tauroglycocholate and intravenous administration, re-
spectively. The absolute bioavailability was 32.16% for oral conven-
tional tablet, 32.92% for oral solution, 36.28% for gel without sodium
tauroglycocholate, 58.52% for gel with sodium tauroglycocholate, and
100% for intravenous administration. Thus, the buccal absorption of 5-
FU from the gel containing sodium tauroglycocholate as an enhancer
was significantly higher (p < 0.05) than that from the gel without
enhancer [55].

Venlafaxine-loaded cress seed mucilage based gel reinforced with

Theories used to explain the adhesive interactions between mucoadhesive materials and mucus/mucosa.

Theory Summary

Electronic theory
Adsorption theory
Wetting theory
Diffusion theory
gradient differential
Fracture theory
Mechanical theory

Adhesion is established because of the electrostatic attraction between negatively charged mucin and positively charged materials

Adhesive interactions are related to the establishment of hydrogen and van-der-Waals bonds and chemisorption

Adhesion is related to the ability of a mucoadhesive (when in liquid form) to spread through the mucus layer

Adhesion is established by the interpenetration of macromolecular (polymeric or other) mucoadhesives with mucin fibers, driven by a concentration

Adhesion is the necessary force for the interfacial detachment of two solid surfaces previously attached
Adhesion depends on the roughness of two different surfaces and the area available for interaction

Note: Adapted to table from Smart [85].
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Carbopol 934 was developed and the formulation was analyzed for
pharmacokinetic parameters in rabbits. Gel-based formulation showed
the Cmax of 24.19 = 0.72ng mL~ ! by buccal route of administration
and 17.98 + 1.15ng mL~ ! by oral route of administration. This study
concludes the bioavailability of gel-based by buccal route was 54.44%
and that of by oral route was 39.60% [51].

Carbopol 934P gel was loaded alendronate sodium and its was
evaluated for the treatment of bone resorptive lesions in periodontitis.
In vivo studies were carried out for 6 months in patients and revealed a
potent inhibition effect on bone resorption by inhibition of osteoclasts.
Moreover, there was an increase in bone formation, gingival index,
probing pocket depth, and gain attachment level [56].

Several buccal gel formulations containing piroxicam were prepared
and evaluated [117]. For clinical studies, sodium alginate and HPMC
gel formulations applied to the buccal mucosa of patients were better
than or equally effective to the orally administered commercial product
in reducing pain level, swelling and tenderness within a period of
4 days [117].

Acetonide-loaded poloxamer 407 gels were prepared and the in vivo
performance were evaluated by pharmacokinetics studies and histolo-
gical examination after buccal administration of formulations [57].
Formulations hydrogels was or not incorporated sodium deoxycholate,
as enhancer of penetration. Absolute bioavailability to IV (%) was 30.1
for hydrogel without enhancer and 47.9 for hydrogel with enhancer.
The buccal mucosa treated with an enhancer group showed that the
number of Paneth cell was a little increased. No globular and cellular
changes between the normal and enhancer group was found [57].

Carboxyvinylpolymer hydrogels and enhancer, as glycer-
ylmonolaurate, r-menthol and sodium caprate was loaded 17 3-estradiol
[58]. The buccal administration of 17f-estradiol in the 40% (w/w)
ethanol hydrogels containing 2% (w/w) glycerylmonolaurate allowed
the maintenance of the plasma level at above 300 ng/mL cm? for 7 h
after application in hamster. Morphological changes of the mucosa
were examined by SEM at 7 h, and shows no visible change compared
with before application of the ethanol gel [58].

Tramadol microspheres-loaded hydrogel with adequate bioadhesion
and providing controlled drug release for buccal delivery [59]. PVA
microspheres were prepared by ionic gelation and extrusion method.
These microspheres were dispersed into gel of CMC, HEC, or HPMC at
2.5% and Carbopol® 940 at 1%. All formulations were tested and for-
mulation containing alginate attained the strongest interaction with
mucin; this may be also because of the intrinsic bioadhesive properties
of alginate. This same formulation attained the highest permeation, and
complete drug permeation was achieved during 6 h. In vivo anti-
nociceptive was evaluated on Wistar rats and performed using the hot
plate method. The AUC was found 291.14 + 19.10, 307.42 + 20.13

Materials Science & Engineering C 86 (2018) 129-143

Fig. 6. Carbopol® 940 hydrogel and its application on sur-
face of buccal mucosa. Enlarged area shows network and
the drug entrapped in the mesh. Gel was colored with me-
thylene blue dye for a better visualization. (For interpreta-
tion of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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and 6.68 = 0.91 for microspheres-loaded hydrogel by buccal route,
solution of drug administered by oral route and control group, re-
spectively. The maximum analgesic effect was valued 66.51 * 7.01,
76.50 = 5.91 and 5.85 * 0.41 for oral route and control group, re-
spectively. Hydrogel treatment was nonsignificant (p > 0.05) when
compared to oral route. However, when the antagonist N was ad-
ministered following the formulations, the AUC value was
63.29 + 6.12 to oral administration of drug and was 261.23 = 26.71
for microspheres-loaded hydrogel by buccal route, and maximum an-
algesic effect were 22.66 + 3.31 and 62.24 *= 6.21 to drug by oral
route and formulation test, respectively. Oral administration attained
only about 20% of effect for oral administration and antagonist, while
there was no significant difference between microspheres-loaded hy-
drogel by buccal route and the same treatment plus antagonist. This
suggests bypassing the first-pass effect, the formation of this metabolite
is partially inhibited; therefore, the buccal route can arguably provide
an alternative safer route of administration decreasing dependence,
abuse, and tolerance effect of the drug [59].

4.2. Thin films

Mucoadhesive buccal films are retentive dosage forms that release
the drug directly into the biological substrate. These films are thin and
releases topical drugs in the oral cavity at a slow and predetermined
rate, provide discrete advantages over traditional dosage forms for
treatment of many diseases [118].

Daneék et al. [60] designed flexible films for use in aphthous lesions
of the oral cavity. The clinical study was performed on 36 volunteers
suffering from aphthous lesions. The first group was treated with oral
gel containing cholin and the second group was treated with the same
preparation and the lesion was covered with a mucoadhesive film. All
formulations were applied three times a day for 10 days. The results
showed the application of buccal films covering aphthous lesions
during the treatment significantly increased the rate of healing when
compared with the application of gel alone. Furthermore, the pain
improvement was statistically at day 3 for experimental group and at
day 10 for control group. The use this system represents a promising to
the mechanical barrier effect and allows extending the duration of the
contact between the applied treatment agent, like a gel dosage form,
and the lesion, resulting in the reduction in pain perception and faster
healing of the lesion.

Buccal films containing three layers (mucoadhesive layer, drug
nanosuspension containing layer and backing membrane) was designed
[61]. Nanosuspension was incorporated into HPMC and Carbopol 934P
layer. First layer was formed by HPMC and backing membrane was
composed by ethyl cellulose. In vivo studies were carried out in the
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rabbit to compare the absorption of carvedilol from formulation film
through buccal route compared with marketed oral tablets.
Pharmacokinetics parameters like Cmax of formulation (356.91
+ 29.5ngmL™ ') were 7.3 times higher than that of oral tablet
(48.73 = 14.1ngmL"~ 1). Time maxima (Tmax) of drugs was 4 h and
2h for formulation and oral marketed tablet, respectively. AUC
(nghmL™ ') was 4154.37 + 80.22 for nanosuspension incorporated
mucoadhesive buccal film and 1813.70 = 42.53 for commercial ta-
blets, and relative bioavailability was 916%. It was concluded to de-
velop suitable systems for buccal delivery of carvedilol with excellent
improvement in bioavailability [61].

Sayed et al. [48] investigated the efficiency of buccal gel dosage
forms to deliver poor orally absorbed drugs compared to marketed ta-
blets of domperidone and mosapride citrate. Chitosan gel formulations
achieved relative bioavailability compared to the market products,
where buccal gel of domperidone and mosapride citrate achieved re-
lative bioavailability of 202% and 162%, respectively [48]. The buccal
mucosa has a rich blood supply and it is relatively permeable, this may
favor the absorption of drugs [3].

Park et al. [62] developed ondansetron-loaded chitosan thin films
and impermeable backing layer was made from ethyl cellulose, ethanol
and castor oil. In vivo study was performed in hamsters. Ondansetron-
loaded films were applied to buccal mucosa of the hamsters and on-
dansetron in solution was administered by oral administration. The
AUC from time 0 to 24 h (AUCy_»4 1,) and pharmacokinetics parameters
were obtained. From oral solution and buccal films, Cmax was
40.5 = 9.2 and 41.4 *+ 35ngmL™ !, Tmax was 1.1 + 0.1 and
1.3 * 0.14h, AUC was 156.5 + 49.5 and 319.0 + 8.8 hngmL™'
(p < 0.05) and t;,» was 12.6 = 2.7 and 21.1 * 49h (p < 0.05),
respectively.

Salmon calcitonin was formulated into layer composed by
Polycarbophil® and Eudragit S-100 [63]. This film layer was coated
with wax (DENTSPLY® Utility Wax). Plasma studies were performed in
New Zealand White Rabbits. The relative bioavailability of calcitonin in
rabbits treated with patch was 43.8 + 10.9%. However, the reductions
in plasma calcium levels after administration of calcitonin by in-
travenous and buccal route were comparable [63]. This study shows
calcitonin was effectively delivered therapeutically efficacious amounts
across the buccal mucosa in rabbits.

Chitosan and polyvinyl alcohol films were designed and loaded with
Vitamin B12. In vivo study was performed and AUC showed 1.5-fold
increases in the bioavailability of cyanocobalamin compared with the
marketed .M. injection [64]. This finding shows a noninvasive for-
mulation for buccal delivery of drugs.

Reda et al. [65] developed ketoprofen-loaded Eudragit L and Eu-
dragit S nanofibers by the electrospinning technique; and a selected
formulation was evaluated in vivo on induced oral mucositis in rabbits.
Major results show reduced clinical severity of mucositis in rabbits
under the current experimental conditions. Moreover, ex vivo permea-
tion study revealed that only a small fraction of drug permeated from
this formulation.

HPMC and Eudragit films were developed and selegiline was loaded
into nanospheres composed by poly(lactide-co-glycolide) [66]. These
nanospheres were embedded into buccal films. In vivo evaluation was
performed in rabbits to assess the comparative pharmacokinetics to
buccal films and oral solution of drug. In-vivo results of film demon-
strated significant increase in absorption (p < 0.0001), Cmax (~1.6-
fold), Tmax AUCqy_.. (~3-fold, p < 0.0001) and improved bioavail-
ability, when compared to drug in solution [66].

HPMC, Carbopol 940 and Eudragit® NE 40 D were used for pre-
paration of films and these films were incorporated prednisolone for
buccal delivery [67]. Pharmacokinetics profile was achieved and
showed greater bioavailability (AUCy._.. 24.26 * 4.06 gh mL ™ versus
10.65 = 2.15ghmL™ ') and higher Cpax (2.70 * 0.38 g mL ™ * versus
2.29 + 0.32 gmL™ ') values when compared to oral suspension.

HPMC films were developed and loaded with rivastigmine and this
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formulation were administered in the mouth of rabbits [72]. Pharma-
cokinetics parameters were found and there results were Ty, of 6 h and
was found to be quite slow and sustained as compared with the mar-
keted formulation (T« of 0.75h) and a significant 1.7-fold increase in
the AUC compared to marketed formulation [72].

HPMC E5 LV and domperidone was formulated by hot-melt extru-
sion [68]. When administered, formulations had a in vivo residence time
of 120 min. Bioavailability was performed in healthy male volunteers
and the values from the buccal film was 1.5 times higher than the oral
dosage form and the results showed statistically significant (p < 0.05)
difference [68].

Hydrophilic polymers either alone or in combination with bioad-
hesive polymers were used for film fabrication. Sodium carboxymethyl
cellulose and hydroxypropyl cellulose were used for incorporation of
diltiazem hydrochloride [69]. Studies in vivo were performed and a
good correlation was observed between in vitro drug release and in vitro
drug permeation with correlation coefficient ranged between of 0.945
to 0.980. Bioavailability was assessed and compared to commercial
sustained release oral tablet. AUC were higher for buccal administration
(165.2%) than oral administration and the difference was statistically
significant (p < 0.05) [69].

Carboxymethylcellulose and Carbopol 940P were used for manu-
facture of films by solvent casting method [70]. Films was designed for
loading of salbutamol sulphate. Ratio of 76:24 (carboxymethylcellulose
and Carbopol 940P) was found with moderate swelling and bioadhesion
force properties. In vivo effect was evaluated and the bronchoprotection
was determined for films administered via buccal route and may im-
prove the treatment of asthmatic disorders. Moreover, reducing the
frequency of administration of this drug which is associated with the
tolerance effect.

Chitosan-ethylenediaminetetraacetic acid films for the mucoadhe-
sive transbuccal delivery of insulin was developed [71]. Blood levels of
glucose were determined for comparison of efficacy from buccal ad-
ministration of films and subcutaneous administration of solution.
Films administered at 5 and 14 Ul kg~ ! showed a decrease of glucose to
74 and 71%, respectively. Pharmacological availability for buccal ad-
ministration of the insulin-loaded films versus subcutaneous insulin
injection reached 17% within 5h. No inflammation or changes of
buccal tissue was found.

4.3. Tablets

Tablets are dosage forms and formed by hydrophilic matrix systems,
in other words the polymers are compressed and can easily be prepared
by direct compression of a powder mixture of drug with a release re-
tardant, swollen polymer and other additives to aid processing [119].
Due to specific properties of the mucous layer on the buccal mucosa and
mucoadhesive polymers from which the tablets are manufactured, ta-
blets adhere to the mucosa [4]. The mechanism of drug release from
hydrophilic matrices occurs when the polymer swells on contact with
the aqueous medium to form a gel layer on the surface of the system
[120,121]. Swelling of polymer permits a mechanical entanglement by
exposing the bioadhesive sites for hydrogen bonding and/or electro-
static interaction between the polymer and the mucus network [122].
Diffusion, swelling and erosion of drugs are the most important rate-
controlling mechanisms of controlled release [123].

Matrix tablets offer numerous advantages in comparison to non-
adhesive solid oral dosage forms as: (i) a close contact between the
mucosa and the dosage form, (ii) a high drug concentration main-
tenance at the absorption surface for a prolonged period of time, (iii)
the dosage form immobilization in a specific part of the oral mucosa,
(iv) drug protection from the environment, (v) easy scale-up and and
reproducibility of the manufacturing process [124].

Different types of mass transport processes can be involved in the
control of the drug release from a dosage form [125,126]. In diffusion-
controlled release, a substance is released from a device by permeation
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Fig. 7. Schematic photographs of swollen tablet®. (A) Tablet
in dry stage; (B) after swelling process, tablets is swollen;
(C) cross-section of the swollen tablet showing the processes
(gel layer and diffusion front) during a drug dissolution; (D)
mechanisms of a drug release: diffusion, swelling, and ero-
sion of a polymer matrix.
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lactose. Methylene blue dye was incorporated at 1% (m/m)
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from its interior to the surrounding medium [127]. Polymer chains such
as those in a cross-linked hydrogel form the diffusion barrier [125]. In
some cases, drug diffusion is the predominant step and in others, it
plays a major role in combination with polymer swelling or polymer
degradation or both, or matrix erosion [128]. These mechanisms are
shown in Fig. 7.

Swelling refers to the uptake of water by a polymer system with an
increase in volume, and is often a prelude to polymer dissolution [129].
The swelling process is analogous to osmosis because water penetrates
the polymer relatively rapidly. However, when the dissolution of the
polymer in water occurs, it is comparatively slow because of the
polymer chains need to detangle. The extent of swelling depends on the
hydrophilicity of the polymeric materials and the density of the cross-
links between polymer chains [130].

Erosion-controlled systems have gained popularity with the devel-
opment of biodegradable polymers and involve a chemical or physical
polymer or material loss to control drug delivery [130]. The erosion
process involves the loss of material owing to monomers and oligomers
leaving the polymer. Polymer erosion is far more complex than de-
gradation is because it depends on many other processes such as
swelling, the dissolution and diffusion of oligomers and monomers, and
morphological changes in the matrix [131]. Depending on the compo-
sition of an erodible device (e.g, the type of polymer, drug loading, and
additives) and geometry (size and shape), numerous mass transport
phenomena and chemical reactions affect the resulting drug release
kinetics [132].

Meng-Lund et al. [73] prepareded co-spray-dried particles of chit-
osan and diazepam. Then, particles and excipients were direct com-
pressed using a circular tablet punch with a diameter of 6 mm. In vivo
mini-pig study received the buccal tablet in the upper left or right
buccal site of the cheek. Blood samples were collected, drug was de-
termined in plasma, and then, pharmacokinetic parameters were cal-
culated. Immediate release tablet intended for oral administration
performed well, while the highest buccal bioavailability was seen for
the mucoadhesive formulation, which could be due to an extended
contact time. Absolute bioavailability (%) for immediate release tablet
administered to oral route was 30.5 * 6.1 or by buccal route was
23.4 = 7.8 and for tablets designed ranged to 19.6 * 8.8 and
76.0 = 25.1. The absorption rate for the chitosan-based tablets was
significant slower, probably due to the slower diffusion of the drug by
gel matrix tablet.

Tablets of ritodrine hydrochloride were prepared using the direct
compression method with alginate, lactose, magnesium stearate, and
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microcrystalline cellulose as excipients [74]. Tablets were applied in
the mucosa of rats and the pharmacokinetics were evaluated. AUC
(ng mL h') was 137.4 + 15.7 and 153.6 + 79.2 for designed tablets
and the absolute bioavailability (%) was 3.3 and 3.7. The authors
suggests of these tablets has possibly useful buccal tablets [74].

Omeprazole-loaded sodium alginate and HPMC tablets were obtained
by direct compression method. The pharmacokinetic parameters were
achieved in hamsters. The AUC values after intravenous and buccal ad-
ministration were 10.09 = 3.74 and 2.88 * 0.83hugmL™, respec-
tively. Thus, the absolute bioavailability of omeprazole was about 28.49%
in hamsters. These buccal adhesive tablet has potential to buccal drug de-
livery [75].

Onishi et al. [76] designed ritodrine hydrochloride tablets con-
taining alginate and lactose with or without microcrystalline cellulose
as excipients. In vivo buccal absorption studies were performed in rats
and the tablets was administered to the right cheek mucosa. Two for-
mulations were tested, one has fairly fast release and other rapid dis-
solution. Analyses of the absorption rate and cumulative absorption
amount confirmed that one showed rapid dissolution exhibited higher
absorption rate for a prolonged period.

Kassem et al. [77] optimized tablets formulations varying the type
of polymers and selected a formulation. This formulation was composed
for cup as Carbopol 934P; HPMC K4M and ethyl cellulose and for core
as sodium alginate. This formulation was able to adhere to the buccal
mucosa for 8 h. Pharmacokinetic study of selected tablets in human
volunteers revealed a 5.6 fold increase in buspirone bioavailability
compared to the oral commercial tablets [77].

Spray-dried microspheres were obtained mixture of carvedilol and
chitosan. For design of tables, the core was made by spray-dried mi-
crospheres, Carbopol 934 P, lactose, talc and magnesium stearate; and
the backing layer was made from ethyl cellulose and hydroxypropyl
cellulose. Direct double-compression technique was employed for the
formulation of bilayer mucoadhesive tablets consisting drug-loaded
microspheres and excipients (ratio 1:4). Pharmacokinetics study was
performed in rabbits and was administered orally conventional mar-
keted tablet to compare the pharmacokinetic parameters after oral and
buccal administrations. AUC (ng mL h'') was 155.22 + 8.43 and
390.75 *= 5.23 for oral administration and buccal administration, re-
spectively. Thus, these results revealed almost 2.5-fold increase in
bioavailability of carvedilol after buccal administration of tablets for-
mulation compared to conventional tablets after oral administration.
Moreover, pharmacodynamics studies were performed in the hy-
pertension-induced by fructose model. Pharmacodynamic studies
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showed significant reduction in the parameters such as mean arterial
pressure and heart rate on administration of buccal bilayer tablet,
confirming its suitability for the treatment of hypertension [78].

Shivanand et al. [79] designed Carbopol 934, HPMC K4M, HPMC
K15M along with ethyl cellulose as an impermeable backing layer were
used for the preparation of mucoadhesive bilayered tablets. These
systems were evaluated in vivo and bioavailability studies were con-
ducted in rabbits for optimized formulation comparing to oral solution
of sumatriptan succinate. Relative bioavailability of sumatriptan suc-
cinate from selected bilayered buccal tablets was achieved to 140.78%
[79].

Felodipine and pioglitazone-loaded tablets were formulated with
Carbopol 971P and HPMC K4M [80]. The bioavailability of optimized
bioadhesive buccal tablet was compared with an oral suspension of
drugs. AUCq_»4 by the buccal route was 2.05- and 2.13-times higher
than that of the oral route for felodipine and pioglitazone, respectively,
and the difference was found to be statistically significant (p < 0.05)
[80].

Mucilage isolated from edible Dillenia indica fruits was used as ex-
cipient of tablets dosage forms [81]. Mucilage was granulated and then
was compressed under the core tablets. Pharmacokinetics studies were
performed in rabbits and the tablets designed exhibited 27.31% of
bioavailability. At the end of in vivo experiment, the retrieved tablets
were analyzed for oxytocin content. Only 41.26% oxytocin was present
in the retrieved tablets. The remaining 31.43% oxytocin might be
present in the buccal mucosa and may act as reservoir allowing slower
diffusion to systemic circulation [81].

Chitosan and carbomer were used in the tablet formulations and the
tablets were loaded with nicotine tartrate [82]. In vivo studies were
performed non-smoker volunteers and a buccal tablet was applied on
the buccal sulcus above the canine tooth and removed after 4 h. Bioa-
vailability of the tablet was evaluated in comparison to the transdermal
patch. The Cmax values obtained with both delivery systems were
found to be similar (p > 0.05). AUCy;, values were
59.3 + 5.1nghmL™'and 204.1 *+ 31.2nghmL™? for buccal tablet
and transdermal patch, respectively [82].

Sodium carboxymethyl cellulose tablets were loaded diltiazem hy-
drochloride and these matrix were evaluated in humans [133]. In all
volunteers, the bioadhesive tablet remained in place for > 12 h without
detachment, in addition, good correlation (r = 0.9398) was observed
between in-vitro and in-vivo correlation [133].

Martin et al. [84] developed nystatin-loaded alginate microspheres
coated-chitosan for oral mucosa drug delivery. In vivo studies were
performed and were evaluated drug retention/permeation studies of
buccal mucosa and histological studies in female pigs. Amounts of drug
retained in the porcine mucosae were 3.79 + 1.13,4.73 + 0.18 and
3.38 + 0.25pug/g tissue/cm® for uncoated microspheres, chitosan-
coated microspheres and cross-linked microsphere, respectively and no
amounts of nystatin were detected from the commercial suspension.
The amount of drug in mucosa was between 4 and 6 times higher than
the MIC value performed in Candida albicans. None histological changes
were found and these systems preserve the mucosa microstructure [84].

Tablets based on chitosan microspheres containing chlorhexidine
diacetate were developed and in vivo experiments were performed and
placed on the buccal mucosa of volunteers [83]. At each time point
samples of saliva were collected and the chlorhexidine concentration
was determined by HPLC assay. The tablets were allowed for all the
duration of the experiments of 4 h. For two formulations tested, one
after about 90 min partially disintegrates in the buccal cavity, while the
second remained almost intact for about 3 h. A concentration peak was
determined within 30 min and 60 min for each formulation. The high
capacity of tablets to give prolonged concentrations of drug in the
buccal cavity could be due to the combination of chitosan with sodium
alginate [83].
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5. Problems and challenges

Mucosal membranes are moist surfaces lining on the walls of var-
ious body cavities such as respiratory, gastrointestinal, and re-
productive tracts as well as the nostrils, the eyes, and the mouth. Mucus
plays an important role in protecting the cellular epithelia from che-
mical and mechanical damage. The mucosal membranes also provide
lubrication and wettability of the cell epithelial surface and regulate its
moisture content [134]. The majority of the mucoadhesive drug de-
livery systems are formulated as tablets, solid inserts, wafers, films,
gels, viscous solutions, particulate suspensions (micro and nanosize), in
situ gelling systems, and sprays. In addition, these pharmaceutical sys-
tems and materials often incorporate polymeric excipients, which play
a major role in their mucoadhesivity [5,12,85,91]. The mucoadhesive
polymers not only increase the residence time at the site of adminis-
tration, but also enhance the drug permeability through the epithelium
by altering the tight junctions between the cells [135,136].

The usefulness of the oral cavity as a site for the delivery of drugs
locally or as a platform for the delivery of drugs into the systemic cir-
culation has been associated with an ongoing effort over many decades,
which, in recent years have seen the successful development of a variety
of oral mucosal drug delivery systems [18,137,138]. The oral cavity is a
challenging route for drug and it include permeability enhancement,
dosage form retention at the site of application, and the continuous
secretion of saliva and its subsequent swallowing, which can lead to
substantial drug loss from the dosage form and hence low bioavail-
ability [139].

To design optimal mucoadhesive therapeutic systems, it is necessary
to know the characteristics of buccal site an of mucoadhesive properties
of polymers. In this context, the search for improved mucoadhesive
materials is a constant [140]. The future potential of buccal delivery
systems looks favorable. It is envisaged that in the future, buccal and
sublingual delivery technologies will provide a platform for the suc-
cessful delivery of vaccines and antigens [138]. On the hand, many
studies have developed products and evaluated them in vitro perfor-
mance. Although, in vitro performance studies (dissolution and release/
permeation studies) may show feasible but not so true results from a
biopharmaceutical point of view. Preclinical studies are much more
sensitive to the performance evaluation of pharmaceutical products.
Although these studies are conducted, but a small portion of the articles
carried-out them. This can be understood, as perhaps, by the cost in-
volved in R&D at the academic level.

6. Conclusion and remarks

This review summarizes polymer-based drug delivery systems for
buccal administration. In contrast, there are many studies that focus on
the design and formulation of systems, but do not show the data of
effectiveness and in vivo performance. Studies published in the litera-
ture, for the most part, are performed on rabbits and there is a minority
that are carried out in humans. It is notable that for studies involving
rabbits, dogs or pigs, as animal models, it is easier for administration
the dosage forms on the buccal route. However, studies in rats and mice
have also been reported.

Pharmacokinetic studies suggest a correlation pharmacokinetic/
pharmacodynamic of drugs. Many of these studies show that buccal
bioavailability is comparable or equal to oral and intravascular routes.
Thus, the oral route demonstrates an equity with the oral route, the
most used, and with the intravenous route, an invasive route.
Therefore, the use of these polymer-based drug delivery systems seems
possible to control the release of drugs and increase their solubility or
absorption, which subsequently increases or maintains pharmacody-
namic and biological responses.

The use of these systems is increasing in the research and
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development of biomaterials and buccal delivery systems, but efficacy
studies should be conducted to confirm the effect of drugs and these
studies could be remarkable and will manifest themselves in new
publications in the coming years.
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