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ABSTRACT 

Oral mucosal drug delivery system is widely applicable as novel site for 
administration of drug for immediate and controlled release action by 
preventing first pass metabolism and enzymatic degradation due to GI 
microbial flora. Oral mucosal drug delivery system provides local and 
systemic action. In this review, attention is focused to give regarding 
physiology of oral mucosal including tissue permeability, barriers to 
permeation and route of permeation, biopharmaceutics of buccal and 
sublingual absorption, factors affecting drug absorption, detailed information 
of penetration enhancers, design of oral mucosal drug delivery system and 
role of mucoadhesion and various theories of bioadhesion. Evaluation 
techniques and selection of animal model for in-vivo studies are also 
discussed. 

INTRODUCTION: Oral mucosal drug delivery system is 
subdivided into buccal and sublingual in which buccal 
cavity is widely applicable for drug administration 
through mucosa in case of sublingual route mostly 
useful for fastest onset of action as in the case of 
Angina pectoris. The buccal mucosa lines the inner 
cheek, and buccal formulations are placed in the 
mouth between the upper gingivae (gums) and cheek 
to treat local and systemic conditions. The buccal route 
provides one of the potential routes for typically large, 
hydrophilic and unstable proteins, oligonucleotides 
and polysaccharides, as well as conventional small drug 
molecules. The oral cavity has been used as a site for 
local and systemic drug delivery.  

Advantages of Oral Mucosal Drug Delivery system:    

1. Bypass of the gastrointestinal tract and hepatic 
portal system, increasing the bioavailability of 
orally administered drugs that otherwise 
undergo hepatic first-pass metabolism. In 
addition the drug is protected from 

degradation due to pH and digestive enzymes 
of the middle gastrointestinal tract.  

2. Improved patient compliance due to the 
elimination of associated pain with injections; 
administration of drugs in unconscious or 
incapacitated patients; convenience of 
administration as compared to injections or 
oral medications.  

3. Sustained drug delivery.  

4. A relatively rapid onset of action can be 
achieved relative to the oral route, and the 
formulation can be removed if therapy is 
required to be discontinued.  

5. Increased ease of drug administration.  

6. Though less permeable than the sublingual 
area, the buccal mucosa is well vascularized, 
and drugs can be rapidly absorbed into the 
venous system underneath the oral mucosa.  
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7. In comparison to TDDS, mucosal surfaces do 
not have a stratum corneum. Thus, the major 
barrier layer to transdermal drug delivery is not 
a factor in Oral mucosal routes of 
administration. Hence Oral mucosal systems 
exhibit a faster initiation and decline of delivery 
than do transdermal patches. 

8. Oral mucosal delivery occurs is less variable 
between patients, resulting in lower inter-
subject variability as compared to transdermal 
patches.  

9. The large contact surface of the oral cavity 
contributes to rapid and extensive drug 
absorption.  

Limitations of Oral Mucosal Drug Delivery System: 
Depending on whether local or systemic action is 
required the challenges faced while delivering drug via 
oral especially buccal drug delivery can be enumerated 
as follows.  

1. For local action the rapid elimination of drugs 
due to the flushing action of saliva or the 
ingestion of foods stuffs may lead to the 
requirement for frequent dosing.  

2. The non-uniform distribution of drugs within 
saliva on release from a solid or semisolid 
delivery system could mean that some areas of 
the oral cavity may not receive effective levels.  

3. For both local and systemic action, patient 
acceptability in terms of taste, irritancy and 
‘mouth feel’ is an issue.  

4. For systemic delivery the relative 
impermeability of oral cavity mucosa with 
regard to drug absorption, especially for large 
hydrophilic biopharmaceuticals, is a major 
concern.  

Physiology of the Oral Mucosa 1, 2, 3, 4: 

Structure: The cheeks, lips, hard and soft palates and 
tongue form the oral cavity. The main difference 
between the oral mucosa and skin as compared to the 
gastrointestinal (GI) tract lining lies in the organization 
of the different epithelia. While the latter has a single 
layer of cells forming the simple epithelium, the skin 

and the oral cavity have several layers of cells with 
various degrees of differentiation. Within the oral 
cavity, the masticatory mucosa has a keratinized or 
cornified epithelium, and covers the stress-enduring 
regions such as the gingival and the hard palate, 
providing chemical resistance and mechanical 
strength. It is divided into four layers: keratinized, 
granular, prickle-cell, and basal layer (Figure 1).  

The lining mucosa, which provides elasticity, in 
contrast, is comprised of non-cornified surface 
epithelium covering the rest of the regions including 
the lips, cheeks, floor of the mouth, and soft palate. It 
also can be further divided into superficial, 
intermediate, prickle-cell, and basal layers. The third 
type of mucosa is the specialized mucosa consisting of 
both keratinized and non-keratinized layers, and is 
restricted to the dorsal surface of the tongue. The 
intercellular spaces contain water, lipids, and proteins.   

 
FIG. 1: STRUCTURE OF THE MUCOSA 

Physiological Importance of Mucins and Saliva: The 
mucosal tissues are further covered with mucus, which 
is negatively charged, and contains large glycoproteins 
termed mucins. These are thought to contribute 
significantly to the visco-elastic nature of saliva, and 
maintain a pH of 5.8–7.4. Mucin consists of a protein 
core, rich in O-glycosylated serine and threonine, 
containing many helix-breaking proline residues. The 
salivary glands secreting mucus also synthesize saliva, 
which offers protection to the soft tissues from 
chemical and mechanical abrasions. The average 
thickness of the salivary film in the mouth varies 
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between 0.07 and 0.10 mm. Sustained adhesion of the 
dosage form (tablet, patch) to the mucosa is an 
important first step to successful buccal delivery. The 
mucus plays an important role during this 
mucoadhesive process by buccal drug delivery 

systems. The interaction between the mucus and 
mucoadhesive polymers generally used in most dosage 
forms can be explained by theories summarized in 
Table 1. 

TABLE 1: POSTULATED MECHANISM FOR POLYMER – MUCOSAL ADHESIVE PROPERTIES 

Theory of Adhesion 
Mechanism of Adhesion 

Adsorption 
Secondary chemical bonds such as van der waal forces, hydrophobic interactions, electrostatic attraction, and 

hydrogen bonds between mucus and polymer. 

Diffusion Entanglements of the polymer chains in to mucus network. 

Electronic Attractive forces across electrical double layer formed due to electron transfer across polymer and mucus. 

Wetting 
Analyze the ability of past to spared over the biological surface and calculate the interfacial tension between the two. 
The tension is considered to proportional to X

1 /2,
 where X is the polymer –polymer interaction parameter. Low values 

of these parameters correspond to structural similarities between polymers and an increased miscibility. 

Fracture 
Relates to the force necessary to separate to surfaces to the adhesive bond strength and it is often used to calculate 

fracture strength of adhesive bonds. 
 
The mean total surface area of the mouth has been 
calculated to be 214.7+12.9 cm2. The teeth, keratinized 
epithelium, and non-keratinized epithelium occupy 
about 20%, 50%, and 30% of this surface area, 
respectively. Drug delivery through the oral mucosa 
can be achieved via different pathways: sublingual 
(floor of the mouth), buccal (lining of the cheeks), and 
gingival (gums). The sublingual mucosa is the most 
permeable followed by the buccal and then the palatal. 
This is due to the presence of neutral lipids such as 
ceramides and acylceramides in the keratinized 

epithelia present on the palatal region, which are 
impermeable to water.  
The non-keratinized epithelia contain water-permeable 
ceramides and cholesterol sulfate. A comparison of the 
various mucosae is provided in Table 2.The thickness 
of the buccal epithelium varies from 10 to about 50 cell 
layers in different regions because of serrations in 
connective tissue. In fact, the thickness of buccal 
mucosa has been observed to be 580 micron meter, 
the hard palate 310 micron meter, the epidermis 120 
micron meter, and the floor of mouth mucosa 190 
micron meter. 

TABLE 2: SUITABILITY OF VARIOUS REGIONS OF THE ORAL MUCOSA FOR THE TRANSMUCOSAL DRUG DELIVERY BASED ON VARIOUS 
TISSUE PROPERTIES 

 Permeability Blood flow Residence time 

Buccal + ++ + 
Sublingual ++ -- -- 

Gingival -- + + 
Palatal -- -- ++ 

Note ++ means very suitable; -- means least suitable. Source: From de vries, M E et al., Crit. Rev.Ther. Drug carrier system., 8, 271, 1991  

Tissue Permeability: In comparison to the skin, the 
buccal mucosa offers higher permeability and faster 
onset of drug delivery; whereas the key features which 
help it score over the other mucosal route, the nasal 
delivery system, include robustness, ease of use, and 
avoidance of drug metabolism and degradation. The 
buccal mucosa and the skin have similar structures 
with multiple cell layers at different degrees of 
maturation. The buccal mucosa, however, lacks the 
intercellular lamellar bilayer structure found in the 
stratum corneum, and hence is more permeable. An 
additional factor contributing to the enhanced 
permeability is the rich blood supply in the oral cavity. 

The lamina propia, an irregular dense connective 
tissue, supports the oral epithelium. Though the 
epithelium is avascular, the lamina propia is endowed 
with the presence of small capillaries. These vessels 
drain absorbed drugs along with the blood into three 
major veins-lingual, facial, and retro-mandibular, which 
open directly into the internal jugular vein, thus 
avoiding first-pass metabolism. Numerous studies have 
been conducted comparing the blood supply of the 
oral cavity to the skin in animals. A thicker epithelium 
has been associated with a higher blood flow probably 
due to the greater metabolic demands of such 
epithelia.  
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Gingiva and anterior and posterior dorsum of tongue 
have significantly higher blood flows than all other 
regions; skin has a lower flow than the majority of oral 
regions; and palate has the lowest of all regions. In 
fact, the mean blood flow to the buccal mucosa in the 
rhesus monkey was observed to be 20.3 mL/min/100 g 
tissue as compared to 9.4 mL/min/100 g in the skin. 

Barriers to Permeation 5, 6, 7: The main resistance to 
drug permeation is caused by the variant patterns of 
differentiation exhibited by the keratinized and non-
keratinized epithelia. As mucosal cells leave the basal 
layer, they differentiate and become flattened. 
Accumulation of lipids and proteins also occurs. This 
further culminates in a portion of the lipid that 
concentrates into small organelles called membrane-
coating granules (MCGs). In addition, the cornified cells 
also synthesize and retain a number of proteins such as 
profillagrin and involucrin, which contribute to the 
formation of a thick cell envelope. The MCGs then 
migrate further and fuse with the intercellular spaces 
to release the lipid lamellae.  

The lamellae then fuse from end to end to form broad 
lipid sheets in the extracellular matrix, forming the 
main barrier to permeation in the keratinized regions 
in the oral cavity. These lamellae were first observed in 
porcine buccal mucosa, and have been recently 
identified in human buccal mucosa. Though the non-
keratinized epithelia also contain a small portion of 
these lamellae, the random placement of these 
lamellae in the non-cornified tissue vis-à-vis the 
organized structure in the cornified tissue makes the 
former more permeable.  

Also, the non-keratinized mucosa does not contain 
acylceramides, but has small amounts of ceramides, 
glucosylceramides, and cholesterol sulfate. The lack of 
organized lipid lamellae and the presence of other 
lipids instead of acylceramides make the non-
keratinized mucosa more water permeable as 
compared to the keratinized mucosa. 

Physicochemical properties and routes of 
permeation: There are two possible routes of drug 
absorption through the squamous stratified epithelium 
of the oral mucosa:  

 Transcellular (intracellular, passing through the 
cell)  

 Paracellular (intercellular, passing around the 
cell) 

Permeation across the buccal mucosa has been 
reported to be mainly by the paracellular route 
through the intercellular lipids produced by 
membrane-coating granules. Although passive 
diffusion is the main mechanism of drug absorption, 
specialized transport mechanisms have been reported 
to exist in other oral mucosa (that of the tongue) for a 
few drugs and nutrients; glucose and cefadroxil were 
shown to be absorbed in this way. Figure 2 shows the 
two routes of permeation that can be used by drugs to 
pass through the buccal mucosa.  

The buccal mucosa is a potential site for the controlled 
delivery of hydrophilic macromolecular therapeutic 
agents (biopharmaceuticals) such as peptides, 
oligonucleotides and polysaccharides. However, these 
high molecular weight drugs usually have low 
permeability leading to a low bioavailability, and 
absorption enhancers may be required to overcome 
this. The buccal mucosa also contains proteases that 
may degrade peptide-based drugs. In addition, the 
salivary enzymes may also reduce stability.  

 
FIG. 2: ROUTES OF TRANSEPITHELIAL PENETRATION: 
TRANSCELLULAR ROUTE VERSUS PARACELLULAR ROUTE (From 
Wertz, P.W. and Squier, C.A., Crit. Rev. Ther. Drug Carrier Syst., 8, 
237, 1991. With permission.) 
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Disease states where the mucosa is damaged would 
also be expected to increase permeability. This would 
be particularly true in conditions that result in erosion 
of the mucosa such as lichen planus, pemphigus, viral 
infections and allergic reactions.  

Biopharmaceutics of Buccal and Sublingual 
Absorption 8, 9, 10: 

Principles of Drug Absorption: The oral mucosa 
contains both hydrophilic and hydrophobic 
components and a combination of both keratinized 
and non-keratinized epithelia.  

Passive diffusion is the most common route of 
permeation through the oral mucosa, and uses the 
Fick’s first law of diffusion given by the general 
equation  

 

The amount of drug absorbed A is given by; 

 
Where, P is the permeability coefficient, C is the free 
drug concentration in the delivery medium, D is the 
diffusion coefficient of the drug in the oral mucosa, Kp 
is the partition coefficient of the drug between the 
delivery medium and the oral mucosa, h is the 
thickness of the oral mucosa, S is the surface area of 
the delivery or the absorption site on the mucosa, and 
t is the duration of time the drug stays in contact with 
the mucosa. The thickness of the tissue, partition 
coefficient, and the diffusion coefficient are properties 
of the mucosa and cannot be altered. Designing 
appropriate formulations that need the necessary 
conditions can vary the surface area for delivery of the 
drug, time of contact, and the free drug concentration.  

The partitioning of the drug into the membrane will 
depend on its ratio of hydrophilicity and lipophilicity. 
Studies performed with amines and acids showed that 
their absorptions were proportional to their partition 
coefficients, thus also establishing the fact that the 
transcellular route was the primary route of absorption 
of these drugs. Similar results were obtained for b-
adrenoreceptor-blocking drugs.  

Since the drug will face different barriers through the 
paracellular and the transcellular routes, the flux of 
drug permeation through these routes will differ to 
some extent. The equation above can be modified to 
account for this difference. Hydrophilic compounds will 
tend to use the paracellular route and permeate 
through the intercellular spaces, which present a 
smaller surface area. The flux of drug permeation 
through this pathway can be described as 

 
Where, DH is the diffusion coefficient, hH is the length 
of the tortuous path followed in the paracellular route, 
CD is the concentration of the drug on the donor side, 

and  is the fraction of the surface area of the 
paracellular route. A lipophilic drug will preferably use 
the transcellular route since it will be easier for it to 
partition into the lipophilic cell membrane. The path 
length here is shorter than for the paracellular route 
but the drug has to move through several types of 
barriers (cell membrane, the cytoplasm, as well as 
intercellular spaces). Thus the equation for flux 
through the transcellular route is given as 

 

Where Kp is the partition coefficient between the 
lipophilic regions (cell membrane) and the hydrophilic 
regions (cytoplasm, formulation vehicle, and the 
intercellular space). 

Factors affecting Drug Absorption: Besides the 
biochemical characteristics of the buccal and 
sublingual membranes, which are responsible for the 
barrier function and permeability, various factors of 
the drug molecule influence the extent of permeation 
through the membranes. The lipid solubility, degree of 
ionization, pKa of the drug, pH of the drug solution, 
presence of saliva and the membrane characteristics, 
molecular weight and size of the drug, various 
physicochemical properties of the formulation, and the 
presence or absence of permeation enhancers, all 
affect the absorption and the permeation of drugs 
through the oral mucosa.  
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Degree of Ionization, pH, and Lipid Solubility: The 
permeability of unionizable compounds is a function of 
their lipid solubilities, determined by their oil–water 
partition coefficients demonstrated this dependence of 
water permeability on the lipid contents of keratinized 
and non-keratinized epithelia. The lipids present 
however contribute to this effect more in the 
keratinized epithelia (more total lipid content, non-
polar lipids, ceramides) than in the non-keratinized 
epithelia where permeability seems to be related to 
the amount of glycosylceramides present.  

The absorption of drug through a membrane depends 
upon its lipophilicity, which in turn depends on its 
degree of ionization and partition coefficient. The 
higher the unionized fraction of a drug, the greater is 
its lipid solubility. The degree of ionization in turn 
depends on the pH of the mucosal membrane and the 
pKa of the drug. Beckett and Triggs studied the buccal 
absorption of basic drugs over a range of 
concentration, pH, and the use of different drug 
combinations (alone and mixtures). The resultant pH–
absorption curves showed that the percentage of drug 
absorbed increased as the concentration of drug in the 
unionized form increased.  

Also, the shapes of the absorption curves were a 
function of the pKa values and the lipid solubility of 
their unionized form. A study conducted with fentanyl, 
a weak base with a pKa of 8.2, further demonstrated 
the relationship between the pH and the absorption 
across oral mucosa. When the pH of the delivery 
solution was increased, more of the drug was present 
in the unionized form, with the drug being 2.45% 
unionized at pH 6.6, 9.1% unionized at pH 7.2, and 24% 
unionized at pH 7.7. The fentanyl solutions with a pH 
range of 6.6 to 7.7 showed a three- to fivefold increase 
in peak plasma concentration, bioavailability, and 
permeability coefficients.  

Similar studies conducted with sublingual 
administration of opioids such as buprenorphine, 
methadone, and fentanyl showed increased absorption 
with increase in pH, where the drug was 
predominantly present in the unionized form. 
However, absorption of other opioids such as 
levorphanol, hydromorphone, oxycodone, and heroin 
under similar conditions did not improve. These drugs, 
however, were more hydrophilic as compared to the 

earlier set of opioids. Thus, pH modifiers can be used 
to adjust the pH of the saliva prior to drug 
administration to increase the absorption of such 
drugs through the mucosal membranes. However, the 
nature of the buccal and sublingual membrane 
complicates the above condition since the pH may vary 
depending on the area of the membrane and also on 
the layer of the membrane that is considered. The pH 
of the mucosal surface may be different from that of 
buccal and sublingual surfaces throughout the length 
of the permeation pathway. Thus, the drug in its 
unionized form may be well absorbed from the surface 
of the membrane, but the pH in the deeper layers of 
the membrane may change the ionization and thus the 
absorption.  

Also, the extent of ionization of a drug reflects the 
partitioning into the membrane, but may not reflect 
the permeation through the lipid layers of the mucosa. 
Henry et al., studied the buccal absorption of 
propranolol followed by repeated rinsing of the mouth 
with buffer solutions and recovered much of this drug 
in the rinsing. In addition, the effect of lipophilicity, pH, 
and pKa will depend on the transport pathway used by 
the drug. Studies conducted with busiprone showed 
that the unionized form of the drug used the more 
lipophilic pathway, the transcellular route, but an 
increase in the pH increased the ionization of the drug 
and subsequently the absorption. 

It was concluded that this transport of the ionized form 
of the drug was through the more hydrophilic 
paracellular pathway. Therefore, at neutral pH the 
preferred pathway was found to be transcellular, but 
at acidic pH, the ionized species of the drug also 
contributed to the absorption across the membrane. 

Molecular Size and Weight: The permeability of a 
molecule through the mucosa is also related to its 
molecular size and weight, especially for hydrophilic 
substances. Molecules that are smaller in size appear 
to traverse the mucosa rapidly. The smaller hydrophilic 
molecules are thought to pass through the membrane 
pores, and larger molecules pass extracellularly. 
Increases in molar volume to greater than 80 mL/mol 
produced a sharp decrease in permeability. Due to the   
advantages offered by the buccal and the sublingual 
route, delivery of various proteins and peptides 
through this route has been investigated.  
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It is difficult for the peptide molecules with high 
molecular weights to make passage through the 
mucosal membrane. Also, peptides are usually 
hydrophilic in nature. Thus, they would be traversing 
the membrane by the paracellular route, between cells 
through the aqueous regions next to the intercellular 
lipids. In addition, peptides often have charges 
associated with their molecules, and thus their 
absorption would depend on the amount of charge 
associated with the peptide, pH of the formulation and 
the membrane, and their isoelectric point.  

Permeability Coefficient: To compare the permeation 
of various drugs, a standard equation calculating the 
permeability coefficient can be used. One form of this 
equation is  

 

Where P is the permeability coefficient (cm/s), A is the 
surface area for permeation, Vd is the volume of donor 
compartment, and t is the time. This equation assumes 
that the concentration gradient of the drug passing 
through the membrane remains constant with time, as 
long as the percent of drug absorbed is small.  

Formulation Factor: The permeation of drugs across 
mucosal membranes also depends to an extent on the 
formulation factors. These will determine the amount 
and rate of drug released from the formulation, its 
solubility in saliva, and thus the concentration of drug 
in the tissues. In addition, the formulation can also 
influence the time the drug remains in contact with the 
mucosal membrane. After release from the 
formulation, the drug dissolves in the surrounding 
saliva, and then partitions into the membrane, thus the 
flux of drug permeation through the oral mucosa will 
depend on the concentration of the drug present in 
the saliva. This concentration can be manipulated by 
changing the amount of drug in the formulation, its 
release rate, and its solubility in the saliva. The first 
two factors vary in different types of formulations, and 
the last can be influenced by changing the properties 
of the saliva that affect the solubility (e.g., pH). 

Penetration Enhancers 11, 12, 13: To increase the 
absorption of poorly soluble drugs especially large 

hydrophilic molecules, permeation enhancers have 
become of increasing interest in recent years. 

Properties of Penetration Enhancers:  

1. Safe and effective  
2. Pharmacologically inactive  
3. Chemically inert 
4. Reversible effect  

Majority of the most widely investigated permeation 
enhancer have surfactant like properties and those 
that are water soluble seem to be most active at 
concentrations above the critical micelle 
concentration. The following have been investigated as 
a means of enhancing buccal permeability. 

Mechanism of Absorption Enhancement: Permeation 
enhancers in general act by following ways (fig. 3): 

1. Increasing the fluidity of the cell membrane  
2. Extracting inter and intracellular lipids 
3. Disrupting lipid structure e.g., solubilization by 

formation of micelles to create aqueous  
channels 

4. Altering cellular proteins 
5. Increasing the thermodynamic activity of the 

drug 
6. Overcoming enzymatic barriers, particularly for 

peptide and protein drugs 
7.  Altering surface mucin rheology 

Effective in promoting the absorption of large 
molecules, the in vitro penetration of some protein 
was 1-3 % but the addition of an appropriate enhancer 
increased this to 10%. 

 
FIG. 3: MECHANISM OF ABSORPTION ENHANCEMENT 
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Types of Penetration Enhancers: 

 Bile salts 
 Fatty acids and their salts and Esters 
 Azones 
 Surfactants 
 Complexing Agents 
 Co-solvents 
 Miscellaneous 

Bile Salts: Bile salts a re steroids with surfactant-like 
properties that form associations in water. Their 
physiological role is to emulsify lipids in food stuff 
passing through the intestine to enable fat digestion 
and absorption through the intestinal wall. Bile salts 
are used as permeation enhancers and have been 
extensively employed to enhance the absorption of 
drugs through various epithelia. They are believed to 
act on both the transcellular and paracellular routes by 
a variety of mechanisms including solubilization and 
micellar entrapment of intercellular lipids, 
denaturation and extraction of proteins, enzyme 
inactivation, tissue swelling, the extraction of lipids or 
proteins from the cell wall, membrane fluidization, and 
reverse membrane micellation.  

One in vitro study particularly indicated that sodium 
glycodeoxycholate acts in the intercellular lipid domain 
at lower concentrations (2 mM), apparently reducing 
the amount of polar lipids, whereas disorganizing cell 
membrane lipids at higher concentrations (fig. 4). 
Generally, they are act reversibly without producing 
major damage to the mucosa. Bile salts used in 
permeation enhancement studies include the 
trihydroxy salts sodium cholate, sodium glycocholate, 
and sodium taurocholate and the dihydroxy salt 
sodium deoxycholate, sodium glycodeoxycholate, and 
sodium taurodeoxycholate.  

Several in vitro permeation studies carried out in 
isolated animal buccal mucosa and in- vivo 
bioavailability studies conducted in animals and human 
subjects have proven their potential as effective buccal 
permeation enhancers. The dihydroxy salts have been 
reported to be more active permeation enhancers 
than the trihydroxy salts, probably related to their 
increased lipophilicity.  The permeation enhancing 
effect of dihydroxy bile salts seems to be more 
pronounced at or above the critical micelle 

concentration. In a cell culture model the dihydroxy 
bile salt sodium glycodeoxycholate has been reported 
to possess a better enhancing effect for mannitol than 
trihydroxy bile salts such as sodium glycocholate and 
sodium taurocholate. Studies have shown a 32-fold 
enhancement in the permeability of 2’, 3’-
dideoxycytidine in the presence of 4 mM sodium 
glycodeoxycholate across porcine buccal mucosa. The 
absolute bioavailability of buserelin and fluorescein 
isothionate dextran in pigs has been enhanced by 5–7-
fold when administered with sodium glycode-
oxycholate.  

It also enhanced the buccal permeation of morphine 
sulfate by approximately 5 times at 100 mM 
concentration and the bioavailability of some proteins. 
A correlation between the in- vitro permeation across 
the non-keratinized porcine buccal mucosa and in- vivo 
bioavailability in rabbits (with largely keratinized 
mucosa) was observed with triamcinolone acetonide 
gel containing 5% sodium deoxycholate. 

 
FIG. 4: BILE SALTS USED AS ABSORPTION ENHANCER (DEOXY-
FORMS OF THESE BILE SALTS DO NOT HAVE THE POSITION 7 
HYDROXYL (OH*) GROUP) 

Using dogs and an in- vivo absorption cell, sodium 
taurocholate and sodium glycocholate were found to 
enhance the absorption of insulin while not damaging 
the oral mucosae; the latter bile salt was found to have 
a prolonged effect. A 100-fold enhancement in the 
permeability of the ionized form of flecainide in the 
presence of 1% sodium glycocholate at pH 5.8 has 
been reported. 
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Fatty acids and their salts and esters 14, 15: Fatty acids 
include oleic acid, lauric acid, and cod liver oil extract, 
whereas fatty acid salts include sodium laurate and 
sodium caprate, and esters include glyceryl 
monostearate, diethy lene glycol monoethyl ether, and 
various sucrose fatty acid esters. These are generally 
lipophilic in nature with limited water solubility. The 
unsaturated fatty acids such as oleic acid act by 
reducing lipid order and increasing fluidity in the skin 
due to their ‘‘kinked’’ molecular conformation arising 
from the double bond in the hydrocarbon chain, and 
they should have a similar effect on oral mucosa.  

Oleic acid has been reported to be a good adsorption 
enhancer for insulin. Unionized ergotamine absorption 
was enhanced in the presence of 5% cod liver oil 
extract, which contained oleic acid as one of its major 
components. The distribution of the drug within the 
lipid-rich region of the buccal mucosa and the resultant 
reduction in the barrier structure were correlated with 
its permeation enhancing effects (although at higher 
concentrations [7%–10%] permeation was seen to 
apparently decrease). Fatty acid esters would be 
predicted to have little irritation or toxic effects.  

Ex vivo permeability studies conducted in porcine 
buccal mucosa showed significant permeation 
enhancement of an enkephalin from liquid crystalline 
phases of glycerine monooleate. These were reported 
to enhance peptide absorption by a cotransport 
mechanism. Diethylene glycol monoethyl ether was 
reported to enhance the permeation of essential oil 
components of Salvia desoleana through porcine 
buccal mucosa from a topical microemulsion gel 
formulation. Some sucrose fatty acid esters, namely, 
sucrose laurate, sucrose oleate, sucrose palmitate and 
sucrose stearate, were investigated on the permeation 
of lidocaine hydrochloride, with 1.5% w/v sucrose 
laurate showing a 22-fold increase in the enhancement 
ratio. 

Azone: Azone (laurocapram) is used extensively as a 
transdermal permeation enhancer, and has also found 
use in buccal drug delivery. It is a lipophilic surfactant 
in nature. Permeation of salicylic acid was enhanced by 
the pre-application of an Azone emulsion in vivo in a 
keratinized hamster cheek pouch model. Octreotide 
and some hydrophobic compounds’ absorption have 
also been improved by the use of Azone. Azone was 

shown to interact with the lipid domains and alter the 
molecular moment on the surface of the bilayers. In 
skin it has been proposed that Azone was able to form 
ion pairs with anionic drugs to promote their 
permeation. 

Surfactants: The other surfactants include sodium 
dodecyl (lauryl) sulfate, the polysorbates, the laureths, 
Brijs and benzalkonium chloride. These are 
predominantly water soluble and can form 
associations (micelles) in aqueous solution. They are 
believed to enhance the transbuccal permeation by a 
mechanism that is similar to that of bile salts, namely, 
extraction of lipids, protein denaturation, inactivation 
of enzymes and swelling of tissues. Sodium dodecyl 
sulfate is reported to have a significant absorption 
enhancing effect but may also produce damage to the 
mucosa. The effect of Sodium dodecyl sulfate on the in 
vitro buccal permeability of caffeine and estradiol has 
been evaluated using porcine buccal tissue.  

With caffeine, sodium dodecyl sulfate (0.05%-1% w/v) 
enhanced the flux (enhancement ratios ranging from 
1.6 to 1.8) while having the opposite effect with 
estradiol, a lipophilic drug. The significant reduction in 
flux was partly attributed to the micellar entrapment 
of the lipophilic drug and the resultant poor 
permeation of the complex. The permeation enhancing 
property of laureth-9, a nonionic surfactant, from the 
oral cavity of anaesthetized rats has also been 
reported. A 5% solution produced insulin activity at 
25%–33% of the intramuscular (i.m.) dose.  

In an in vivo rabbit model using a buccal cell to 
administer solutions to the mucosa, the surfactant Brij 
35 (polyoxyethylene-23-lauryl ether) was seen to be 
more effective than sodium lauryl sulfate or several 
bile salts at a concentration of 1 mM in enhancing the 
absorption of insulin from solution. This effect was 
markedly increased when the concentration of Brij was 
above the critical micelle concentration; it then 
reached a plateau at concentrations above 1%.  

The effect was considered to be due to a combination 
of the prevention of insulin aggregation in solution, 
permeation enhancement, and protease inhibition. 
However, the rabbit oral epithelium is keratinized, so it 
differs a little from that of the human buccal and 
sublingual mucosa. A similar consideration occurs for 
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an in vivo study in rats. Insulin in a 5% solution of 
octoxynol-9 has 15% availability, and in a pH 8.9 
solution containing lauric acid has 22.4% availability via 
the buccal route, relative to an i.m. injection. 

Complexing Agents: The complexing agents include 
cyclodextrins and sodium edetate. Cyclodextrins are 
enzymatically modified starches, forming rings of 6-8 
units. The outer surface of the ring is polar whereas 
the internal surface is non-polar. Hence, the center of 
the cyclodextrin can be used to carry water-insoluble 
molecules in an aqueous environment by forming 
inclusion complexes. Effective buccal absorption of 
steroidal hormones using two different hydrophilic 
cyclodextrin derivatives, namely, 2-hydroxypropyl β-
cyclodextrin and poly β-cyclodextrin, was reported. 
The effect of cyclodextrins (5%) on the buccal 
absorption of interferon has also been described. 
Chelators such as EDTA, sodium citrate, and also the 
polyacrylic acids are reported to have an absorption 
enhancing effect by interfering with calcium ions. 

Co-solvents: Co-solvents include water-miscible 
solvents such as ethanol and propylene glycol. The use 
of vehicles that enhance absorption has been 
considered in transdermal drug delivery, and would 
also be of use in buccal delivery. They work by 
changing the thermodynamic activity of the drug in 
solution, increasing its concentration and facilitating 
partition of the drug into the membrane, and 
promoting passive diffusion.  

As ethanol and propylene glycol penetrate into 
mucosa, drugs dissolved in these co-solvents are 
expected to be carried with them. In most studies, the 
vehicle is used in combination with a permeation 
enhancer to further increase absorption. A 
combination of oleic acid (1%) and polyethylene glycol 
200 (PEG, 5% and 10%) appreciably enhanced the ex 
vivo permeation of a model peptide across porcine 
buccal mucosa.  

A hydrogel formulation containing glyceryl 
monolaurate (2%) and alcohol (40%) effectively 
enhanced the permeability of 17b-estradiol across 
hamster cheek pouch buccal mucosa with no 
morphological changes evident in the mucosa 7 h after 
application. Permeation enhancement was also 
observed when sodium caprate and alcohol or 

propylene glycol was used in combination. The 
inclusion of 10% lauric acid in propylene glycol 
produced almost 30% of the i.m. dose of insulin. 

Miscellaneous: Lecithin (phosphatidylcholine) is a 
phospholipid, which may be isolated from either egg 
yolk or soybeans. It is commercially available in high 
purity for medical uses and has been used to enhance 
the absorption of insulin in vivo. The antibiotic sodium 
fusidate, a steroid similar in molecular structure to bile 
salts has also been shown to have permeation 
enhancing properties for insulin in vitro. Chitosan, a 
polysaccharide containing glucosamine and acetyl 
glucosamine units, has been shown to have 
permeation-enhancing activity. Solutions and gels of 
chitosan were found to be effective absorption 
enhancers by their transient widening of the tight 
junctions within the mucosa. It was found to promote 
the transport of mannitol and fluorescent-labeled 
dextrans across a tissue culture model of the buccal 
epithelium, chitosan glutamate being particularly 
effective. Chitosan has been shown to be an effective 
permeation enhancer for peptide absorption across 
porcine buccal mucosa without producing any 
histological evidence of tissue damage. 

TABLE 3: LIST OF PERMEATION ENHANCERS  

Sr. 
no 

Permeation Enhancers Sr. no Permeation Enhancers 

1 2, 3-Lauryl ether 14 Phosphatidylcholine 

2 Aprotinin 15 Polyoxyethylene 

3 Azone 16 Polysorbate 80 

4 Benzalkonium chloride 17 Polyoxyethylene 

5 Cetylpyridinium chloride 18 Phosphatidylcholine 

6 
Cetyltrimethyl ammonium 

bromide 
19 Sodium EDTA 

7 Cyclodextrin 20 Sodium glycocholate 

8 Dextran sulfate 21 Sodium glycodeoxycholate 

9 Glycol 22 Sodium lauryl sulfate 

10 Lauric acid 23 Sodium salicylate 

11 Lauric acid/Propylene 24 Sodium taurocholate 

12 Lysophosphatidylcholine 25 Sodium taurodeoxycholate 

13 Menthol 26 Sulfoxides 

Enzyme Inhibition: The inhibition of enzymes present 
in the oral mucosa that may degrade protein drugs can 
also enhance absorption, and protease inhibitors such 
as aprotinin and puromycin have been used. 
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Permeation enhancers help to increase the transport 
of intact drugs across oral mucosae.  

Toxicity: Local irritation will need to be avoided if a 
permeation enhancer is to find routine use. Intuitively, 
the mechanism of action of permeation enhancers 
would suggest that tissue damage would occur. For 
surfactants like sodium dodecyl sulfate, mucosal 
irritation would be expected to be an issue, but its 
widespread use in oral healthcare products such as 
toothpastes suggests that this is not of major 
importance within the oral cavity. No evidence of 
toxicity was observed when the buccal mucosa of dogs 
were exposed in situ to sodium glycocholate, sodium 
taurocholate, and lysophosphatidylcholine, although 
the enhancing effect of the glycocholate was seen to 
persist.  

However, in an in vitro study using porcine buccal 
tissue, histological changes indicating tissue damage 
were evident relative to controls when the tissue was 
exposed to 100 mM solutions of di- and trihydroxy bile 
salts over a 4 h period. Histological changes from loss 
of upper cell layers to separation of the epithelium 
from the underlying connective tissue were also 
evident in mucosal tissues exposed to a range of bile 
salt solutions at a concentration of 100 mM for 4 h 
periods. 

Structure and Design of Oral mucosal Dosage Form 16, 

17, 18: 

1. Matrix type: The buccal patch designed in a 
matrix configuration contains drug, adhesive, 
and additives mixed together  

2. Reservoir type: The buccal patch designed in a 
reservoir system contains a cavity for the drug 
and additives separate from the adhesive. An 
impermeable backing is applied to control the 
direction of drug delivery; to reduce patch 
deformation and disintegration while in the 
mouth; and to prevent drug loss.  

Additionally, the patch can be constructed to undergo 
minimal degradation in the mouth, or can be designed 
to dissolve almost immediately.  

Oral mucosal drug delivery systems can be bi-
directional or unidirectional. Bi-directional (Figure 5) 
patches release drug in both the mucosa and the 
mouth while, Unidirectional (Figure 6) patches release 
the drug only into the mucosa. 

FIG. 5: BUCCAL PATCH DESIGNED FOR BIDIRECTIONAL DRUG 
RELEASE  

 
FIG. 6: BUCCAL PATCH DESIGNED FOR UNIDIRECTIONAL DRUG 
RELEASE  

Mechanisms of Mucoadhesion: The mechanistic 
processes involved in mucoadhesion between 
hydrogels and mucosa can be described in three steps: 

1. Wetting and swelling of the polymer to allow 
for intimate contact with the biological tissue. 

2. Interpenetration of the bioadhesive polymer 
chains and entanglement of polymer and mucin 
chains, and 

3. Formation of weak chemical bonds between 
entangled chains (Fig. 7). 

 
FIG. 7: THREE STAGES IN THE INTERACTION BETWEEN A 
MUCOADHESIVE POLYMER AND MUCIN GLYCOPROTEIN 
ACCORDING TO THE INTERPENETRATION THEORY 

 

 



        Bhati *and Madan, IJPSR, 2012; Vol. 3(1): 659 -681                                ISSN: 0975-8232 

                                                                             Available online on www.ijpsr.com                                                                            670 

Bioadhesion Theories: 

Theory Mechanism of bioadhesion Comments 

Electronic theory 
Attractive electrostatic forces between glycoprotein 
mucin network and the bioadhesive material 

Electron transfer occur between the two forming of a double 
layer of electric charge at the interface  

Adsorption theory Surface forces resulting in chemical bonding 
Strong primary forces: covalent bonds, weak secondary forces, 
ionic bonds, hydrogen bonds and Vander Waal’s forces.   

Wetting theory 
Ability of bioadhesive polymer to spread and develop 
intimate contact with the mucus membrane. 

Spreading coefficient of polymer must be positive. 

Diffusion theory 
Physical entanglement of mucin strands and the 
flexible polymer chain 

For maximum diffusion and best bioadhesive strength and 
solubility parameters (δ) of the bioadhesive polymer and the 
mucus glycoprotein must be similar.  

Fracture theory 
Analyses the maximum tensile stress developed 
during detachment of the mucosal surfaces  

Does not require physical entanglement of bioadhesive polymer 
chain and mucin strand, hence appropriate to study the 
bioadhesion of hard polymer, which lack flexible chain.  

 
In- vitro and in- vivo Study Methods 19, 20, 21, 22 

Animal Models for Studies: The limited available tissue 
area in the human buccal cavity has encouraged the 
use of animal models that may mimic human oral 
mucosal absorption. Rats, hamsters, dogs, rabbits, 
guinea pigs, and rhesus monkeys have all been used in 
buccal studies. As with any animal model, these all 
have their advantages and disadvantages. Almost all 
animals have a completely keratinized epithelium. The 
hamster cheek pouch offers a large surface area but is 
not flushed with saliva.  

The oral mucosa of the monkey, a primate, has been 
widely used but the high cost of procurement as well 
as challenging handling are disadvantages when it 
comes to selecting these animals. Rabbit mucosa is 
similar to human mucosa since it has regions of non-
keratinized tissue. However, the small surface area and 
difficulty in accessing the required tissue make it an 
impractical choice. The animal of choice remains the 
pig because of comparable permeability to human 
buccal mucosa and a large surface area enabling 
reduced variability in the data.  

The methods used for measuring the amount of drug 
absorbed have to be designed in such a way as to 
account for local delivery of the drug to the mucosa as 
well as systemic delivery through the mucosa into the 
circulation. A selection of in vivo and in vitro 
techniques has been developed and tested over the 
years.  

In- vivo Methods: Both human and animal models 
have been used for in- vivo testing of oral mucosal 
drug delivery. Choices of animal models depend on 
how closely the mucosal membrane reflects the 

structure and properties of human mucosa. An 
important in vivo technique using human test subjects, 
the ‘‘buccal absorption test’’ was developed and 
established by Beckett and Triggs. They adjusted 
solutions of several basic drugs to various pH values 
with buffer, and placed the solution in the subject’s 
mouth.  

The solution was circulated about 300–400 times by 
the movement of the cheeks and tongue for a contact 
time of 5 min. The solution was then expelled, and the 
subject’s mouth was rinsed with 10 mL distilled water 
for 10 s. The rinsing was collected, and combined with 
the earlier expelled solution, and the fraction of the 
drug remaining in this solution was measured by gas–
liquid chromatography. It was observed that the 
absorption of drug from the oral cavity was dependent 
on pH.  

Though this technique is easy to perform, noninvasive, 
and gives relatively consistent results with little intra 
and intersubject variation, limitations for the method 
do exist. It does not provide information concerning 
the varying permeabilities of different regions in the 
oral cavity. Also, the continuous flow of saliva affects 
the pH of the applied solution as well as the overall 
volume. In addition, the test analyzes the amount of 
drug that has been transported from the sample into 
the oral cavity and does not provide information on 
the actual systemic absorption of the drugs. 

Some of the drugs could be swallowed or accumulated, 
and redistributed into the epithelium or 
biotransformed in the mucosa. Simultaneous 
measurement of appearance of the drug in the 
systemic circulation could further validate this test. 
‘‘Disk methods’’ for assessing absorption have also 
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been studied where the drug-loaded disk is kept in 
contact with certain area of the mucosal membrane to 
allow for absorption. One such polytef disk was used 
by Anders et al., for the buccal absorption of protirelin. 
The disk had an area of ~10 cm2 and a central circular 
depression containing the drug. It was removed after 
30 min of contact with the buccal mucosa, and blood 
samples were taken to determine the amount of drug 
absorbed from the mucosa.  

The disk method provides information about 
absorption from a specific area of the mucosa. 
Interference from salivary secretions, difficulties in 
keeping the disk adhered, and loss of drug permeating 
due to leakage of the drug from the disk is some 
disadvantages with this method. Another method has 
been the use of perfusion cells. These cells have 
certain specific area and can contain a drug solution 
that is stirred continuously. The closed cell isolates the 
solution from the surroundings, thus negating the 
effects of the environmental factors such as saliva and 
pH.  

Solution under test can be passed through the mucosal 
membrane once or it can be re-circulated. The solution 
in the cells is then analyzed for drug content. However, 
the surface area for absorption is low, and the tissue 
has a tendency to become erythematous. This method, 
like the buccal absorption test, measures the loss of 
drug from the cell, but not the actual absorption of the 
drug through the buccal mucosa. These methods have 
been used to analyze different types of dosage forms 
(composite films, patches, and bioadhesive tablets) 
and their mucosal drug absorption and have been used 
to assess both buccal and sublingual absorptions 
across the respective mucosa.  

A glass perfusion cell was developed and used by 
Yamahara et al., for the measurement of drug 
absorption through mucosal membranes of 
anesthetized male beagle dogs. The cell contained a 
biocompatible bioadhesive polymer O-ring that adhere 
the cell to the oral mucosal membrane. This type of 
cell can be used to measure buccal and sublingual 
absorption as well as perfusion through the surface of 
the tongue. 

 

In- vitro Methods: These methods have proven to be 
important tools in the study of Oral mucosal 
absorption, since they can facilitate studies of drug 
permeation under controlled experimental conditions. 
Oral mucosal tissue can be surgically removed from the 
oral cavity of animals. These tissues contain a fair 
amount of connective tissue, which is separated from 
the mucosal membrane. This connective tissue, if not 
removed, may contribute to the permeability barrier. 
This separation can be carried out with the aid of heat 
where tissues are separated at 60oC, or chemically by 
the use of various enzymes or EDTA. These tissues are 
then stored in buffer solution (usually Krebs).  

This storage step is important in preserving the 
viability and integrity of the tissue. The tissue is then 
placed in a side-by-side diffusion cell, where the 
placement of the tissue is in between the donor and 
the receptor chambers. The donor contains the drug 
solution, whereas the receptor usually contains a 
buffer solution to emulate the body fluids. The 
chambers can be stirred continuously to ensure even 
distribution of the drug and are maintained at a 
desired temperature. The epithelial side of the tissue 
faces the donor chamber, allowing the drug to pass 
from the donor chamber through the tissue into the 
receptor chamber from where samples can be 
withdrawn at specific time intervals and replaced with 
fresh receptor solution.  

A detailed experiment is described in Junginger et al., 
where transport of fluorescein isothiocyanate (FITC)-
labeled dextrans of different molecular weights 
through porcine buccal mucosa is studied. Different 
kinds of diffusion cell apparatus have been used in 
such in- vitro experiments. Some of these are small 
volume diffusion cells as described by Grass and 
Sweetana, Using chambers and Franz diffusion cells. 
The in vitro methods, though relatively simple have 
various disadvantages:  

a. The conditions of tissue separation, preparation, 
and storage may affect the viability, integrity, and 
therefore their barrier function. Tests assessing the 
ATP levels have been used to analyze the viability 
and integrity of tissue. A method for ATP extraction 
using perchloric acid and subsequent analysis of 
ATP in nanomoles per gram of tissue has been 
described by Dowty et al.  
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b. Human oral mucosa is relatively expensive and 
available in limited amounts. Therefore, animal 
mucosae which have to be chosen carefully in 
order to resemble the human mucosa as closely as 
possible are used.  

c. A specific complication occurs in cases of sublingual 
mucosa. Various ducts from the submandibular and 
the sublingual salivary glands open into the 
mucosal surface, and thus a sufficiently large piece 
of mucosa that is not perforated by these ducts is 
difficult to obtain.  

Also, the presence of enzymes in the tissue indicates 
that there is a high probability of the drugs being 
metabolized during transport across the mucosa and 
therefore appropriate metabolism studies and drug-
stabilizing efforts should be undertaken. Studies 
reported by Dowty et al., measured the extent of 
metabolism of TRH in rabbit buccal mucosa in- vitro. 

Cell and Tissue Culture Systems: The advantages of 
the in vitro approaches described above also apply to 
buccal cell culture systems. In addition, other aspects 
such as cell growth and differentiation can be studied 
in these systems in detail. Also, once the source is 
established, a continuous supply of cell lines can be 
obtained, which obviates the need for expensive 
animal or human tissues that are often difficult to 
obtain in large quantities. On the other hand, the 
established cell line must simulate, as closely as 
possible, the physical and biochemical properties of 
the buccal or sublingual tissues in- vivo. These 
properties such as the growth, differentiation, 
biological barrier effectiveness, permeability levels, 
and metabolic pathways are crucial to the permeation 
studies.  

Of the different types of oral mucosal cell cultures that 
have been used, the most commonly used ones are 
explants of primary cultures. Small pieces of excised 
buccal or sublingual tissue are placed in a support 
system and fed with culture medium. The outgrowths 
obtained from these tissue explants are then 
transferred and grown in appropriate media. For 
example, outgrowths of fibroblasts thus obtained have 
been described. Gibbs and Ponec reconstructed the 
epithelium of mucosal tissue by placing a tissue biopsy 
(with the epithelial side upwards) onto a fibroblast-

populated collagen gel. The explants obtained were 
cultured immediately at the air–liquid interface until 
the epithelium had expanded over the gel (2–3 weeks). 
These explant cultures may retain many of the in vivo 
tissue characteristics. 

Freshly excised buccal or sublingual tissues have also 
been used to generate dissociated cells. Hedberg et al., 
used one such culture to measure the expression of 
alcohol dehydrogenase-3 in cultured cells from human 
oral mucosal tissue. Human buccal tissue was 
incubated with 0.17% trypsin in phosphate-buffered 
saline (PBS) at 48oC for 18 to 24 h to obtain dissociated 
primary keratinocytes, and subsequently these 
keratinocytes were seeded onto fibronectin and 
collagen-coated dishes in serum-free epithelial 
medium. Various buccal epithelial cell lines have also 
been established. The biochemical properties of these 
cell lines depend greatly upon the growth media and 
other conditions used during culturing.  

Hennings et al., showed that the amount of calcium 
present in the media affects the differentiation of 
epithelial cells in culture. Different types of cell lines 
are used for different applications. The TR146 cell line 
that originated from human neck metastasis of a 
buccal carcinoma was used as an in vitro model of 
human buccal mucosa to study and compare the 
enzyme activity with respect to human and porcine 
buccal epithelium. This cell line has also been used to 
study and compare the permeability of drugs across 
cell monolayers, and human buccal tissue to assess the 
effect of pH and concentration on the permeability. 
The SqCC/Y1 cell line (a squamous epithelial cell line 
derived from buccal carcinoma) was used to 
characterize the expression and function of 
cytochrome P-450 in human buccal epithelium. 

Dosage Forms 23, 24: A wide range of formulations have 
been developed and tested for buccal and sublingual 
administration. Various advances have been made 
over the years, which counteract the problems faced in 
delivering drugs through the sublingual and buccal 
mucosae to the systemic circulation. The primary 
challenges for these routes of delivery are: 

1. The varying structure of the mucosal membrane 
in different parts of the oral cavity and the 
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reduced permeation due to the barrier presented 
by the mucosal epithelial layers 

2. The constant presence of saliva, which prevents 
the retention of the formulation in one area of 
the oral cavity leading to shorter contact time  

3. Person to person variability caused by differences 
in tongue movements, saliva amounts, and saliva 
content 

4. The limited surface area available for absorption 

5. Ensuring patient comfort with a dosage form 
small and flexible enough to fit comfortably in 
the oral cavity, easy to install and remove, and 
not causing any local reactions, discomfort, or 
erythema. 

Buccal and sublingual deliveries have been used in 
various clinical applications such as cardiovascular, 
smoking cessation, sedation, analgesia, antiemesis, 
diabetes, and hormonal therapy. The specific drugs will 
be discussed in relation to the dosage form category. 
Buccal delivery has also been actively researched for 
the delivery of peptides, since these molecules are 
sensitive to the acidic and proteolytic environment of 
the GI tract and are subjected to first-pass metabolism.  

Chewing Gums: Gums are now considered 
pharmaceutical dosage forms, and have been used to 
deliver drugs for buccal absorption. These formulations 
consist of a gum base, which primarily consists of 
resins, elastomers, waxes, and fats. Emulsifiers such as 
glycerol monostearate and lecithin are added to 
facilitate and enhance the uptake of saliva by the gum. 
Resin esters and polyvinyl acetate (PVA) are added to 
improve texture and decrease sticking of the gum to 
teeth.  

Additives such as sweeteners, glycerol (to keep the 
gum soft and flexible), and flavors can be added as 
desired. These chewing gums move about in the oral 
cavity, and the process of chewing mixes it with the 
saliva where the drug is rapidly released, partitioned, 
and then absorbed into the mucosal membrane. Thus, 
the solubility of the drug in saliva is an important 
factor in increasing the amount of drug released and 
absorbed. 

Intersubject variation such as the intensity of chewing, 
amount of saliva produced, and inconsistent dilution of 
the drug influence the amount of drug released. Also, 
the saliva can be swallowed, leading to disappearance 
of an often unknown amount of drug. Gum 
formulations containing caffeine showed rapid release 
and absorption of the agent with comparable 
bioavailability to the capsule form. Various gum 
formulations with vitamin C, diphenhydramine, 
methadone, and verapamil have been developed and 
tested.  

Recently, sustained release of catechins from chewing 
gums has been achieved by using a special procedure 
involving granulation of the active principles with PVA 
followed by coating of the pellets with acrylic insoluble 
polymer. One of the most important and successful 
applications for chewing gum as a dosage form is that 
for nicotine replacement therapy (NRT). Nicorette 
(GlaxoSmithKline, USA), a chewing gum containing 
nicotine, is available in regular strength (2mg) and 
extra strength (4mg) and has a specially recommended 
chewing technique to maximize efficacy.  

Lozenges: Lozenges can be used as an alternative 
dosage form to tablets and capsules when patients are 
unable to swallow. The use of lozenges has been 
reported for systemic drug delivery but it is more usual 
to see this dosage form used to bathe the oral cavity or 
the throat areas. While sublingual lozenges may be 
impractical due to their size, buccal lozenges have 
been extensively used, and are kept between the 
cheek and the gums. Though the lozenge usually 
dissolves in about 30 min, the patient controls the rate 
of dissolution and absorption because the patient 
sucks on the lozenge until it dissolves.  

This process can result in high variability of amounts 
delivered each time the lozenge is administered. 
Increase in the amount of sucking and production of 
saliva may also lead to increased dilution of the drug 
and often accidental swallowing. In a study conducted 
by de Blaey and de Haseth, there was a noticeable 
intrasubject variation in residence time (from 2 to 10 
min) of unflavored buccal lozenges. They also found 
that stronger lozenges prolonged the buccal residence 
time, a factor which can be used as an advantage in 
local delivery of agents from lozenges.  
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Despite their drawbacks and an additional requirement 
of palatability, lozenges have had considerable success 
in the market. For example, zinc lozenges have been 
studied and used extensively in the treatment of 
common colds. A study utilizing NRT was conducted 
with 2 and 4 mg lozenges. It was found that the 
lozenges achieved better abstinence from smoking in 
low- and high-dependent smokers compared to those 
patients receiving an identical dose in a chewing gum. 
Oral mucosal administration of fentanyl citrate, a 
medication for breakthrough pain, resulted in a 
bioavailability substantially greater than oral 
administration and led to faster achievement of peak 
plasma concentration.  

Buccal and Sublingual Tablets 24, 30, 37, 40: These tablets 
are placed and held between the cheek and gum or the 
lip and gum (buccal) or under the tongue (sublingual) 
until they dissolve. Nitroglycerin tablets have been 
used extensively in the form of buccal and sublingual 
tablets for the fast onset and quick relief from angina. 
Similarly isosorbide dinitrate is available in the form of 
sublingual tablets to be placed under the tongue or 
chewable tablets where the tablet has to be chewed in 
the mouth for 2 min before swallowing, and the drug is 
adsorbed through the oral mucosa. Other formulations 
that have been used are nifedipine (sublingual 
capsules), sublingual misoprostol for labor induction, 
methyl testosterone (buccal and sublingual tablets), 
buprenorphine (sublingual and buccal), and selegiline 
for monoamine oxidase-B inhibition. 

Mucoadhesive Systems: One of the primary problems 
in oral mucosal drug delivery is the retention of the 
device on the desired area of the membrane for a 
sufficiently long period of time to allow for absorption 
of the drug and hence achievement of the desired 
blood levels. To assist in this, bioadhesive systems have 
been designed to stay and maintain intimate contact 
with the mucous membrane that covers the 
epithelium. These systems are referred to as 
‘‘mucoadhesive,’’ and they isolate the delivery of the 
drug from environmental factors in the cavity and 
allow the drug to be absorbed only from a specific 
(buccal or sublingual) region. This result in prolonged 
contact and these systems can also be designed to 
control the release rate of the drug.  

Mucoadhesives are generally macromolecular organic 
polymers made from natural (gelatin, agarose, 
chitosan, hyaluronic acid) or synthetic polymers 
(polyvinylpyrrolidone (PVP), polyacrylates, polyvinyl 
alcohol, cellulose derivates). They possess hydrophilic 
groups that can form hydrogen bonds such as carboxyl, 
hydroxyl, amide, and amine groups. These 
mucoadhesives are called ‘‘wet’’ adhesives and need 
to be in the presence of water in order to hydrate and 
swell. The amount of water uptake by the system 
depends on the number of hydrophilic groups in the 
polymer, and the degree of adhesion in turn depends 
on the amount of hydration. Upon hydration and 
swelling, they adhere nonspecifically to the mucosal 
surfaces.  

Mucoadhesives can also be used in the dry or partially 
hydrated forms. Hypotheses have described the 
mucoadhesion process as initial establishment of 
contact with the substrate and the subsequent 
formation of chemical bonds. The attachment to the 
substrate can be governed by covalent interaction, 
electrostatic interaction, hydrogen bonding, or 
hydrophobic interactions. The result is the formation 
of a tight and intimate contact between the mucosal 
surface and the polymeric chains of the mucoadhesive, 
and this ‘‘intertangling’’ between the two surfaces 
leads to adhesiveness. The mucoadhesion achieved 
depends on various polymer properties, such as 
molecular weight, chain length, conformation, and 
chain flexibility. Effective mucoadhesion has been used 
to design different formulations, some of which are 
discussed below.  

Films and Patches: Patches are flexible dosage forms 
that adhere to a specific region of the mucosa and 
provide either a unidirectional flow or a bidirectional 
flow of drug, depending on the type of delivery 
intended (local or systemic). The permeation of the 
drug into the membrane will depend on the surface 
area of the patch. Different patches are designed to 
achieve objectives such as local and systemic drug 
delivery, varying duration of action and varying rates of 
release. In general, most patches contain either a 
‘‘matrix system’’ in which the drug is dispersed along 
with excipients or the mucoadhesive, or a ‘‘reservoir 
system.’’ The mucoadhesive can be dispersed in the 
drug matrix as described above or as a separate layer.  
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The patches may incorporate a backing layer that 
protects it from the surrounding oral cavity if strictly 
Oral mucosal delivery is required. Otherwise, the 
backing layer is omitted. The polymer within the 
mucoadhesive layer swells, and a network is produced 
through which the drug diffuses into the membrane.  

Combinations of the above factors have been used to 
design and develop three kinds of patches: patches 
with a dissolvable matrix, patches with a non-
dissolvable backing, and patches with a dissolvable 
backing. Patches with a dissolvable matrix release the 
drug into the entire oral cavity, but the presence of a 
mucoadhesive layer prolongs this release. Patches with 
a non-dissolvable backing provide a unidirectional flow 
of the drug through the mucosa for a long period of 
time, whereas patches with a dissolvable backing are 
short acting as the backing layer dissolves fairly rapidly 
in the oral cavity.  

Figure 8 shows the two kinds of patch system designs. 
The patches should be comfortable for the patients to 
wear for a long period of time, should not hinder or 
obstruct day-to-day activities, should be easy to attach 
and remove, and should not cause any local irritation. 
Flexible buccal patches for the controlled delivery of 
metoprolol, a selective b1-adrenergic antagonist, 
which is widely used to treat essential hypertension, 
were developed using water insoluble Eudragit1 
NE40D as the base matrix. 

 
FIG. 3: ALTERNATIVE MATRIX AND RESERVOIR PATCH DESIGNS  
(Modified from Rathbone, M.J., Oral Mucosal Drug Delivery, 
Marcel Dekker, New York, 1996) 

Eudragit1 NE40D is a neutral poly(ethylacrylate 
methylmethacrylate) co-polymer, and is widely used in 
the development of controlled release delivery 
systems and film-coating technology .Various 
hydrophilic polymers, namely Methocel K4M, 
Methocel K15M, SCMC 400, Cekol 700, Cekol 10000, 
CP934P, CP971P, and CP974P, were incorporated into 
the Eudragit1 patches to modify the drug-release 

profile and the bioadhesiveness of the buccal patch. 
Incorporation of the hydrophilic polymers was found 
to alter both the amount of bioadhesion as well as the 
drug release. The oral mucosa has also been 
investigated as a site for immunization, and bilayer 
films have been developed and administered to 
rabbits. The films were prepared using different ratios 
of Noveon and Eudragit1 S-100 for the mucoadhesive 
layer and a pharmaceutical wax as the impermeable 
backing layer. Noveon is a cross-linked mucoadhesive 
polyacrylate polymer and Eudragit S-100 is an anionic 
pH-sensitive copolymer of polymethacrylic acid- co- 
methyl-methacrylate. The films were pre- or 
postloaded with 100 g of plasmid DNA expressing β-
galactosidase (CMV- β- gal) or β-galactosidase.  

The films were then applied to the buccal pouch of 
rabbits and immunological responses were measured. 
It was found that the weight ratio of Noveon and 
Eudragit1 S-100 had a significant effect on adhesion 
time of the bilayer films. Post loaded films were 
observed to release 60%–80% of both plasmids DNA 
and β-galactosidase in 2 h. It was found that this 
technique of buccal immunization led to comparable 
antigen-specific IgG titer to that of subcutaneous 
protein injection.  

The delivery of buprenorphine, a partial opioid agonist, 
has been extensively studied using the buccal and 
sublingual routes since the oral dosage form results in 
poor bioavailability. In order to increase the retention 
time on the sublingual membrane, a thin polymeric 
film consisting of mucoadhesive polymers Carbopol 
934P, Carbopol 974P, and the polycarbophil (PCP) 
Noveon AA-1 was prepared, and polyethylene glycol 
(PEG) was used as a plasticizer to make the films 
flexible.  

A novel buccal delivery system Striant1 (Columbia 
Laboratories, Inc., Livingston, NJ) approved by the 
Food and Drug Administration (FDA) in 2003 is a 
controlled and sustained release buccal mucoadhesive 
system, containing 30 mg of testosterone and 
bioadhesive excipients. The patch contains the 
bioadhesive polymer PCP, along with other inert 
ingredients including hydroxypropylcellulose, mono-
hydrated lactose, and cornstarch. After the patch was 
placed on the gum above the right or left canine, 
testosterone was slowly released from the matrix.  
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The system was left on for 12 h, then slid out and 
replaced by another system for the next dosing 
interval. The testosterone concentrations obtained 
from the buccal system were found to be within the 
physiological range for a significantly greater portion of 
the 24 h treatment period as compared to a marketed 
testosterone transdermal patch. 

Tablets: Buccal and sublingual tablets are compressed 
dosage forms, and like patches can provide either 
unidirectional flow of drug through the mucosa if they 
contain a backing layer or bidirectional flow into the 
oral cavity if no backing is present. The basic 
formulation is similar to that of patches with a matrix 
containing the drug, a bioadhesive polymer either in a 
separate layer or incorporated into the matrix, and the 
presence or absence of an impermeable backing film.  

Recently a study investigated different types of 
mucoadhesive polymers for buccal tablet formation. 
The polymers used were Carbopol (CP934 and CP940), 
PCP, sodium carboxymethyl cellulose (SCMC) and 
pectin, all anionic-type polymers, chitosan (cationic 
type), and hydroxypropyl methylcellulose (HPMC) as a 
nonionic polymer. These polymers were used alone or 
in combination to form compressed bioadhesive 
tablets that were tested for bioadhesion and swelling.  

Also, residence time in vitro was tested using a locally 
modified USP disintegration apparatus. The polyacrylic 
acid (PAA) derivatives (CP934, CP940, PCP) showed the 
highest bioadhesion force and prolonged residence 
time. While HPMC and pectin demonstrated weaker 
bioadhesion, SCMC and chitosan showed stronger 
bioadhesive properties. Among the combinations, a 
mixture of 5% CP934, 65% HPMC, and 30% spray-dried 
lactose or 2% PCP, 68% HPMC, and 30% mannitol 
showed optimal bioadhesion and good residence time.  

Bioadhesive tablets can be made by the compression 
of polymers or can consist of a matrix base or bilayers, 
with an impermeable backing layer covering the layer 
with the drug and the mucoadhesion polymer. 
Examples of these systems are discussed below. 
Buccoadhesive-controlled release tablets for delivery 
of nifedipine were prepared by direct compression of 
carboxymethyl cellulose (CMC) with carbomer (CP) and 
compared to those repaired with PVP, PVA, HPMC, and 
acacia by a modified tensiometry method in- vitro.  

It was found that the adhesion force was significantly 
affected by the mixing ratio of CP: CMC in the tablets. 
CMC is necessary for controlling the release rate, 
whereas CP is important in providing bioadhesion. The 
tablets containing 15% CMC and 35% CP were found to 
have optimum drug release rate and bioadhesion. 
Miyazaki et al., designed and evaluated both single and 
bilayer tablets of pectin and HPMC in the ratio of 1:1 
for the sublingual delivery of diltiazem. Bilayer tablets 
consisted of a backing layer and an adhesive, drug 
reservoir layer, and were made by covering one side of 
the single-layer tablet with an inert ethylcellulose 
layer.  

The plasma concentration curves for both single-layer 
and bilayer sublingual tablets showed evidence of a 
sustained release of diltiazem, with the bilayer tablets 
with backing layer having a significantly more 
prolonged effect when compared with single-layer 
tablets. Bioavailability of diltiazem was 2.5 times that 
achieved by oral administration for single-layer tablets 
and 1.8 times for the bilayered tablets. Biphasic buccal 
adhesive tablets have also been used for smoking 
cessation therapy with nicotine.  

In order to improve the mucosal absorption of poorly 
absorbed drugs such as peptides and proteins, newer 
delivery systems with higher mucoadhesive and 
permeation-enhancing polymers have been developed. 
While the first generation of mucoadhesive polymers 
provided adhesion to the mucus gel layer via 
secondary bonds, the new generation of 
mucoadhesive polymers is able to form covalent bonds 
with the mucous layer. The immobilization of thiol 
groups on mucoadhesive polymers results in thiolated 
polymers or thiomers that can form disulfide bonds 
with cysteine-rich subdomains of mucus glycoproteins.  

Langoth et al., studied the properties of matrix-based 
tablets containing the novel pentapeptide leu-
enkephalin (Tyr-Gly-Gly-Phe-Leu) that has been shown 
to have painmodulating properties. The matrix-based 
tablets were made with the thiolated polymer PCP. 
The covalent attachment of cysteine to the anionic 
polymer PCP leads to an improvement of the stability 
of matrix tablets, enhances the mucoadhesive 
properties, and increases the inhibitory potency of PCP 
towards buccal enzymes.  
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All these factors lead to stability of the peptide and a 
controlled drug release for the peptide was obtained 
for more than 24 h. Also, the tablets based on 
thiolated PCP remained attached on freshly excised 
porcine mucosa 1.8 times longer than the 
corresponding unmodified polymer. Solubilization of 
poorly water-soluble drugs by complexation with 
cyclodextrins and then delivery via the buccal or 
sublingual mucosa has been studied as an additional 
strategy for increasing drug absorption. Cyclodextrins 
are able to form inclusion complexes with drugs, and 
can increase the aqueous solubility, dissolution rate, 
and bioavailability. Jug and Becirevic- Lacan studied 
the drug carrier system of a molecular complex of 
piroxicam with hydroxypropyl b-cyclodextrin 
incorporated in a hydrophilic matrix.  

The buccal tablets were prepared by a direct 
compression of HPMC and Carbopol 940 (C940). The 
in- vitro release results demonstrated that complexed 
matrix tablets displayed faster piroxicam release 
compared to those containing free drug. The 
combination of HPMC and C940 was shown to 
demonstrate good bioadhesion properties. 
Buprenorphine films prepared with the polymers 
Carbopol 934P, Carbopol 974P, and PCP Noveon AA-1 
were compared to similar mucoadhesive sublingual 
tablets by Das and Das.  

The tablets were prepared with or without excipients, 
and the mucoadhesive properties were studied. It was 
found that the mucoadhesive tablet formulations 
produced overall superior results compared to the 
mucoadhesive film formulations, and optimum results 
were reported in the case of high lactose, low 
mucoadhesive polymer, Carbopol 974P- and PEG 3350-
containing tablet formulations. These formulations 
provide a sustained release profile of the drug without 
producing any sudden ‘‘burst release’’ effects. Also, 
the tablets were capable of releasing their entire drug 
content within 2 h, which is optimal for sublingual 
administration.  

Hydrogels: Hydrogels are three-dimensional, 
hydrophilic, polymeric networks that can take up large 
amounts of water or other biological fluids. The 
networks consist of homopolymers or copolymers 
having physical or chemical cross-links that make them 
insoluble, which are responsible for the integrity of the 

network. Depending on their chemical side groups, 
hydrogels can be neutral or ionic. For a hydrogel to 
possess mucoadhesive properties, the polymer chains 
have to be mobile to facilitate the interpenetration 
into the mucous layer and formation of bonds leading 
to mucoadhesion.  

Absorption of water by the hydrogel results in lowering 
of the glass transition temperature (Tg), and the gel 
becomes more rubbery. This leads to increased 
mobility of the polymer chains and establishment of 
mucoadhesion. The swelling of a hydrogel depends on 
the properties of the hydrogel itself or properties of 
the changing external environment. The cross-linking 
ratio (the ratio of the moles of cross-linking agent to 
the moles of polymer-repeating units) is one of the 
primary factors affecting the swelling. The higher the 
amount of cross-linking agent, the greater is the ratio, 
thus leading to a tighter structure which leads to less 
mobility of the polymer and lesser swelling.  

Also, gels containing more hydrophilic groups will swell 
more as compared with those containing more 
hydrophobic groups. Swelling of physiologically 
responsive hydrogels is affected by various external 
factors such as pH, ionic strength, temperature, and 
electromagnetic radiation. The drug can be either 
present in a matrix core anchored by a hydrogel to the 
mucosa or it can be dispersed into the mucoadhesive 
matrix. In the second case, swelling will play a primary 
role in the release of the drug from the system. 

de Vries et al., determined the adhesiveness of the 
copolymer hydrogels made of acrylic acid (polar) and 
butyl acrylate (apolar) in different molar ratios to 
porcine oral mucosa. Azo-bis-isobutylonitrile was used 
as the polymerization initiator, and ethylene glycol 
dimethacrylate was used as the cross-linker in varying 
concentrations. The glass transition temperatures and 
the water contact angles were measured to indicate 
the mobility of the polymer chain and the extent of 
surface polarity of the hydrogel, respectively.  

The peel and shear detachment forces from the 
mucosa were determined for the copolymers, which 
are directly related to the extent of adhesiveness. It 
was found that the contact angle maximized at 50% 
butyl acrylate content, whereas the glass transition 
temperatures decreased as the concentration of butyl 
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acrylate was changed from 0% to 100%. The data 
indicated that not only a low Tg, but also an optimal 
number of polar groups, are necessary for optimal 
adhesion to the mucosal surface.  

A study compared the buccal mucoadhesive properties 
for different polymeric films that differed in their 
cross-linking status. Synthetic (Carbopol 971P, PCP), 
semi-synthetic (SCMS), and natural carrageenan (l-
type) were analyzed for their mucoadhesive properties 
using a TA-XT2i texture analyzer. The texture analyzer 
gave detachment profiles of these polymers from 
bovine sublingual mucosa after mucoadhesion under a 
force of 0.5 N for periods of 0.5, 2, 15, and 30 min, 
with the polymeric film of PVP K-90 used as a control. 
Rheological examinations, torque sweep, frequency 
sweep, and oscillatory examinations were also 
conducted. In addition, swelling properties were 
determined with weight measurement before and 
after wetting with saliva.  

After a contact time of 2 min, the strength of 
mucoadhesion was established as CMC>PCP>Carbopol 
971P>Carrageenan. But after a contact time of 15 min, 
the order was reversed to Carbopol 971P>PCP> 
Carrageenan > CMC. The swelling of the polymers at 2 
and 15 min showed the same reversal of order. Thus as 
compared to CMC, the other three polymers were 
found to have good mucoadhesive and swelling 
properties. The study also emphasized the importance 
of the composition of the chains, the charge density, 
and the molecular weight to form a network that is 
capable of forming relatively strong links with the 
mucous membrane.  

Copolymers of acrylic acid and poly(ethylene glycol) 
monomethylether monomethacrylate (PEGMM) were 
used to design a buccal delivery system for the 
systemic delivery of the antiviral agent, acyclovir. The 
system consisted of the copolymer, an adhesive, and 
an impermeable backing layer to allow strictly 
unidirectional flow of the drug. The drug was loaded by 
equilibrium swelling of the co-polymeric films in 
isotonic buffer (pH 6.8) solutions at 378oC for 24 h. 
Permeation studies through porcine buccal mucosa 
were carried out using side-by-side flow through 
diffusion cells (Crown Glass Co., NJ). It was found that 
buccal permeation of acyclovir from the mucoadhesive 
delivery system was controlled for up to 20 h with a 

time lag of 10.4 h and a steady-state flux of 144.2 

g/cm2/h With the incorporation of sodium 
glycocholate (NaGC) as a penetration enhancer, the lag 
time was decreased to 5.6 h, and the steady-state flux 

increased to 758.7 g/cm2/h Hydrogels have also been 
used to deliver drugs in vivo through the oral mucosa. 
One such example is the preparation of a hydrogel 
containing 17-b-estradiol, which is administered for 
osteoporosis, but has very poor oral bioavailability.  

The hydrogels were prepared by mixing an ethanolic 
solution containing the drug and an absorption 
enhancer with an aqueous solution of carboxyvinyl 
polymer and triethanolamine to produce an ointment. 
The buccal administration of the hydrogel formulation 
containing the estradiol in 40% (w/w) ethanol and 
using 2% (w/w) LAU (glyceryl monolaurate) as the 
absorption enhancer allowed the maintenance of the 
plasma level at above 300 ng/(mL cm2) for 7 h. 

Other Dosage Forms: 

Sprays: These can be sprayed orally onto the buccal or 
the sublingual membrane to achieve a local or a 
systemic effect. One such spray called insulin buccal 
spray (IBS) was developed with soybean lecithin and 
propanediol. Soybean lecithin has high affinity for 
biomembranes but does not enhance the transport of 
drugs due to low solubility. Propanediol can improve 
the solubility of soybean lecithin, and act as an 
enhancer. IBS was administered to diabetic rabbits, 
and the hypoglycemic effect of this formulation was 
investigated.  

The results show that when the diabetic rabbits were 
administrated with IBS in dosages of 0.5, 1.5, and 4.5 
U/kg, the blood glucose level decreased significantly 
compared with that of the control group, and the 
hypoglycemic effect lasted over 5 h. To investigate the 
transport route for insulin through the buccal mucosa, 
penetration of FITC-labeled insulin was studied by 
scanning the distribution of the fluorescent probe in 
the epithelium using confocal laser scanning 
microscopy. The results revealed that FITC–insulin can 
pass through the buccal mucosa promoted by the 
enhancer and the passage of insulin across the 
epithelium involved both intracellular and paracellular 
routes. 
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Carrier-Associated Suspensions: Another novel 
approach to buccal administration of insulin involves 
using insulin associated with a carrier, namely 
erythrocyte ghosts (EG). The insulin was administered 
either free or attached to carrier systems (erythrocyte 
ghosts–insulin, EG–INS) to streptozotocin diabetic rats 
by instilling the dose in the mouth cavity using a 
syringe. To prevent swallowing of the dose, the rats 
were anesthetized, and blood samples were collected 
from the tail over 5 h. The magnitude of blood glucose 
level decline was found to be at its maximum of 39.53 
mg/dL (at 2 h) for free insulin and 26.23 mg/dL (at 4 h) 
for EG–INS insulin, showing that the carrier-associated 
system was significantly effective at decreasing the 
blood glucose levels. 

Liposomes: Liposomes have been used in the local 
delivery of drugs to the oral mucosa. Farshi et al., 
studied the biodistribution of dexamethasone sodium 
phosphate (DSP) encapsulated in multilamellar vesicle 
(MLV) liposomes labeled with 99mTc in ulcerated and 
intact oral mucosae of rats. The liposomes were found 
to localize the drug in the ulcerated area and increase 
local drug concentration while decreasing systemic 
concentration.  

Yang et al., investigated the effect of deformable lipid 
vesicles as compared to conventional vesicles for 
delivering insulin to the buccal mucosa. The 
deformable lipid vesicles also called ‘‘transferosomes’’ 
contain at least one inner aqueous compartment, 
which is surrounded by a lipid bilayer. It has been 
postulated that these vesicles respond to changing 
external environments by shape transformations, and 
this deformation enables them to release the drug 
across various barriers. Surfactants such as sodium 
deoxycholate are used to render these vesicles 
deformable.  

Conventional vesicles and deformable vesicles (with 
sodium deoxycholate) containing insulin were 
administered using a buccal spray to male rabbits and 
blood samples were taken. These data were compared 
to subcutaneous administration of insulin. The results 
showed that the entrapment efficiencies of the 
deformable and conventional vesicles were 
18.87%±1.78% and 22.07%±2.16%, respectively. The 
relative bioavailability of the insulin-deformable 
vesicles group was 19.78% as compared to 

subcutaneous administration. This bioavailability was 
found to be higher than that from conventional insulin 
vesicles.  

Nanoparticles: In an effort to develop an effective 
bioadhesive system for buccal administration, insulin 
was encapsulated into polyacrylamide nanoparticles by 
the emulsion solvent evaporation method. Though 
nanoparticle formation ensures even distribution of 
the drug, pelleting of the nanoparticles was performed 
to obtain three-dimensional structural conformity. In 
addition, it was hypothesized that the pelletized 
particles will remain adhered to the mucosa, leading to 
good absorption. While studying bioadhesion and drug 
release profiles, it was found that the system showed a 
sustained drug release profile that was mainly 
governed by polymer concentration. A significant and 
non-fluctuating hypoglycemic response with this 
formulation was observed after 7 h in diabetic rats. 

 Microparticulate Delivery Systems: Microparticulate 
delivery systems containing piroxicam in amorphous 
form were designed to improve the drug dissolution 
rate via the sublingual route. Two low-swellable 
mucoadhesive methacrylic copolymers, namely 
Eudragit1 L sodium salt (EuLNa) and Eudragit1 S 
sodium salt (EuSNa), were chosen as carriers for the 
preparation of the microparticles. Two series of 
microparticles containing piroxicam and EuLNa or 
EuSNa in ratios ranging from 15:85 to 85:15 (m =m) 
were prepared by spray drying.  

The effect of the different compositions on the 
dissolution profile of piroxicam was determined. In 
addition, the mucoadhesive properties were also 
assessed. The microparticles of piroxicam and the 
copolymer improved the piroxicam dissolution rate in 
comparison with that of micronized piroxicam in cubic 
form. Also, the drug released from the microparticles 
reached a plateau within 12 min, and the 
concentrations were always higher than the maximum 
solubility of piroxicam in the cubic form. 

Iontophoresis: Iontophoresis is the process of 
delivering drugs or other charged molecules across a 
membrane using a small electrical charge. The ‘‘like-
repels-like’’ phenomenon is applied here to drive 
charged molecules that are repelled by similarly 
charged electrodes into a tissue. Besides its use in 
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transdermal delivery, this method has also been used 
to enhance oral mucosal drug delivery. Jacobsen used 
iontophoresis to enhance the absorption of atenelol 
into porcine buccal mucosa. A newly designed in- vitro 
three-chamber iontophoretic permeation cell was used 
to measure the permeability of the drug over a period 
of 8 h. High enhancement ratios were obtained, and 
were found to be a factor of the electric current rather 
than the concentration gradient. Though this method 
can be used to increase the penetration of drugs, the 
inconvenience and accessibility issues faced in 
administration to the oral mucosa limit its applications. 

Buccal and Sublingual Delivery of Peptides and 
Proteins: Proteins and peptides have emerged as an 
important class of therapeutic agents. The advances in 
biotechnology, proteomics, and increasing clinical 
applications have resulted in an increase in the number 
of formulations that are developed and introduced 
into the market. The buccal route has been researched 
for peptide delivery to overcome the disadvantages of 
the oral and parenteral routes.  

With oral delivery, peptides are quickly degraded in 
the GI tract since they are susceptible to degradation 
by the acidic pH of the stomach and metabolism by the 
peptidases present in the luminal, brush border, and 
cytosolic membranes. Also their large size, associated 
charge, and hydrophilicity hinder absorption through 
the intestinal epithelium.  

Most importantly, they undergo hepatic first-pass 
metabolism, which further reduces the bioavailability. 
The parenteral route has also been extensively used 
for the delivery of peptides. This route, however, 
necessitates frequent injections to maintain 
therapeutically significant levels of the drugs due to 
short biological half-lives of the molecules leading to 
irritation at the site of delivery and reduced patient 
comfort and compliance. In order to overcome these 
issues, various noninvasive routes are tested for the 
delivery of peptides.  

The oral mucosa due to its high vascularity, avoidance 
of hepatic first-pass metabolism, and the absence of 
degradative enzymes normally present in the GI tract 
has been explored as a suitable route for peptide 
delivery. Several studies of peptide absorption through 
the oral mucosa have been conducted, and the results 

have been impressive in some cases, and not in the 
others. The development of mucoadhesive systems for 
buccal and sublingual delivery has increased the 
absorption and bioavailability of peptides, and various 
formulations have been developed using these 
systems. 

The factors that hinder the absorption of peptides 
through the intestinal epithelium, namely high 
molecular weight, charge, and hydrophilicity also affect 
their absorption through the oral mucosa. 
Combinations of mucoadhesive systems, absorption 
enhancers, and enzyme inhibitors have enabled better 
absorption. A mucoadhesive buccal patch was 
evaluated for Oral mucosal delivery of oxytocin (OT). 
OT was incorporated with co-formulations of Carbopol 
974P and silicone polymer. The plasma concentrations 
of OT remained 20- to 28-fold greater than levels 
obtained from placebo patches for a period of 0.5 to 
3.0 h. Oral mucosal delivery of salmon calcitonin (sCT) 
via the buccal route was studied using a mucoadhesive 
bilayer thin-film composite (TFC).  

In vitro studies showed that over 80% of sCT was 
released from the TFCs within 240 min. The relative 
bioavailability for rabbits treated with the film 
composites was 43.8%+10.9% as compared to 
intravenous injection. Buccal delivery for insulin has 
been investigated using different formulations such as 
buccoadhesive tablets, deformable vesicles, and 
pelleted bioadhesive polymeric nanoparticles.  

Generex Biotechnology (Toronto, Ontario, Canada) 
markets a spray for delivery of insulin through the 
buccal mucosa. The spray called Oralin, uses the 
RapidMisty technology, has been also developed by 
Generex Biotechnology. The device sprays a high-
velocity, fineparticle aerosol into the patient’s mouth, 
which results in an increased deposition of the 
particles over the mucosa.  

Since the particles are very fine and move fast, the 
insulin molecules delivered through this system 
traverse the topmost layers of the epithelial 
membrane, pass through the other layers, and are 
absorbed into the blood stream with the aid of 
absorption enhancers. Oralin has been found to 
produce rapid absorption and metabolic. Despite 
various disadvantages, the oral mucosal route might be 
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the potential option for drug delivery and for macro- 
and micromolecular deliveries. While buccal sprays, 
tablets, lozenges, and patches for smaller molecules 
have already been commercialized, not many buccal 
peptide formulations have been marketed. 
Administered peptides still remain susceptible to the 
permeability and enzymatic barrier of the buccal 
mucosa, and in many studies only moderate 
bioavailability has been observed.  

The advent of techniques like enzyme inhibitors, 
effervescent tablets, mucoadhesive devices, and 
absorption enhancers along with other advantages 
such as patient acceptability and low degradation have 
initiated numerous studies for delivery of proteins and 
peptides by this route. The development and 
evaluation of thiomers (thiolated polymers) for buccal 
delivery of peptides discussed earlier in this chapter 
provide many advantages in one system.  
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