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ABSTRACT 

Since the early 1980 the concept of bioadhesion has gained 

considerable intrest in pharmaceutical technology. This article focuses 

on defining the principles of bioadhesive drug delivery system based 

on hydrogels to biological surfaces that are covered by mucus. It is 

ideal for the buccal distribution of drugs that have a short biological 

half-life, a low molecular weight, poor water solubility, an unstable 

pH, a low dose, and a high first-pass metabolism. There are many 

routes of mucoadhesive drug delivery system, oral route is the most 

ancient as well as preferred by patient being convenient to take. The 

buccal mucosa is very suitable for a bioadhesion system because of a 

smooth and relatively immobile surface and accessibility. Attention is 

given to latest breackthroughs such as new polymers, and also 

adherence to therapy in patients. The bioadhesive polymers can exert  

control over the rate and extend of drug release and are selected in the formulation of 

mucoadhesive drug delivery systems. 

 

KEYWORDS: Global adhesion, histoarchitectural features, translucent, cyclodextrin, 

keshary chie cell, buccostem. 

 

1. INTRODUCTION 

In any pharmaceutical formulations, an excipient is one of the ingreadients or inactive 

substances that help in designing the dosage form and improving physiochemical properties 

such as solubility, absorption and bioavailability of the dosage form.
[1]

 It has been reported 

that the chemical modification of polysaccharides improves the functional properties of 

native gums in different literatures.
[2]

 During the past 20 years, advances in drug formulation 

have been made.
[3]

 The administration of drugs by transdermal or transmucosal routes offers 
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the advantage of being relatively painless.
[4]

 Selecting a suitable route of drug delivery within 

the oral cavity is mainly based on anatomical and permeability differences that exist across 

the various oral mucosal routes.
[5]

 The buccal mucosa offers an easily accessible and 

generally well-accepted site for delivering systemically acting drugs for the treatment of 

chronic diseases.
[6]

 The traditional oral method of medicine administration is not always 

effective, according to our present knowledge of the biochemical and physiological variables 

impacting absorption and metabolism. It is often seen that there is a strong lack of correlation 

between membrane permeability, absorption, and bioavailability.
[7]

 

 

This is mostly due to the medications‘ substantial pre-systemic clearance after delivery.
[8]

 

Even though rectal, vaginal, and ocular mucosae all have all their advantages, the 

unwillingness of patients to utilize them restrict than systemic medication delivery.
[9-11]

 

Increasing the release of the drug at a long term and achieving mucoadhesive drug delivery 

system may have the lowdose and multi-route administration through nasal, oral, vaginal, 

rectal and buccal delivery.
[12]

 The delivery across the mucus membrane provides various 

advantages over other drug delivery routes i.e., overcome the hepatic first pass metabolism as 

well as the degradation of drugs by various gastrointestinal enzymes as well as intestinal 

flora.
[13]

 The polymers used for delivery of drugs through rectal and vaginal routes are 

gelatin, mucin, poloxamer and polycarbophil. Various rectal and vaginal formulations include 

creams, ointment, in-situ gels, emulgels, tablets.
[14]

 In case of polymer attached to the mucin 

layer of a mucosal tissue, the term ―mucoadhesion‖ is used.
[15]

 The aim of strategy is to avoid 

this reduction of drugs by enzymes of liver and synthesize in the gut by the first-pass hepatic 

metabolism.
[16]

 

 

BASED ON SOURCE
 
 

Synthetic polymers   Natural polymers  

• cellulose derivatives  

• poly (acrylic acid)  

• poly (hydroxyethyl methyl acrylate) 

• poly (ethylene oxide)  

• poly (vinyl alcohol)  

• thiolated polymer  

• tragacanth  

• sodium alginate  

• agarose  

• pectin  

• chitosan  

• gelatin
[17]

 

 

BASED ON SOLUBILITY  

Water soluble polymers  Water insoluble polymers  

• hydroxy ethyl cellulose  

• hydroxy propyl cellulose  

• poly (acrylic acid) PAA  

• Chitosan  

• Ethyl cellulose  

• polycarbofil  
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• sodium CMC  

• HPMC  

 

BASED ON CHARGE  

Cationic polymers  Anionic polymers  Non anionic polymers  

• chitosan  

• dimethyl amino ethyl dextran  

• amino dextran  

• chitosanEDTA  

• CMC  

• CP (Carrageenan)  

• Pectin  

• PPC (Polyvinyl carboxylic acid)  

• PPA  

• hydroxyethyl starch  

• PVA  

• HPC  

• Sclerogucan  

 

BASED ON POTENTIAL 

Bioadhesive forces  Covalent bond  Hydrogen bond  

• Cynoacrylates  • HPC  

• CP (carrageenan)  

• PVA  

• PC  

• Acrylates  

 

BASED ON GENERATION 

First generation  Second generation  

 Aminodextran  

 Chitosan  

 CMC  

 Scleroglucan  

 Pectin  

 Xantham gum  

 PAA (Polyacrylic acid)  

 Lectins  

 Thiolated polymers
[18]

  

 

2. Theory of mucoadhesion 

1. Wetting theory 

2. Electronic theory 

3. Fracture theory 

4. Adsorption theory 

5. Diffusion theory 

6. Mechanical theory 

 

1. Wetting theory 

The ability of bioadhesive or mucus to spread and develop intimate contact with its 

corresponding substrate is an important factor in bond formation.
[19]

 The wetting theory was 

developed predominantly in regard to liquid adhesive, uses interfacial tensions to predict 

spreading and in turn adhesion.
[20-21]

 The study of surface energy of polymers and tissues to 
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predict mucoadhesive performance has been given considerable attention.
[22-23]

 According to 

this theory, the active components penetrate in to the surface irregularities and gets harden it 

that finally results in mucoadhesion
24

. The general rule status that the lower the contact angle 

should be equal or close to zero to provide adequate spreadability.
[25]

 

 

It involves the ability of a liquid to spread spontaneously on to a surface as a prerequisite for 

the development of the adhesion. The affinity of a liquid for a surface can be found using 

techniques such as contact angle of the liquid on the surface, with the general rule being that 

the lower contact angle, the greater the affinity of a liquid to the solid.
[26]

 

 

2. Electronic theory 

The hypothesis of the electronic theory relies on the assumption that the bioadhesive material 

and the target biological material have different electronic structure.
[27]

 On this assumption, 

electron transfer occurs upon contact of an adhesive polymer wit the mucus glycoprotein 

network because of differences in their electronic structure.
[28]

 This results in the formation of 

an electrical double layer at the interface of the mucus and the polymer, which results in 

forces of attraction in the region and interdiffusion of the two surfaces.
[29]

 

 

3. Fracture theory 

This is by-far the most accepted theory on bioadhesion. It explains the forces required to 

separate the two surfaces after adhesion has taken place. It measures the maximum tensile 

stress (Sm) produced during detachments.
[30]

 

Sf=Fm/A0 

 

Where Fm and A0 represent the maximum force of detachment and the total surface area 

respectively. In a uniform single-component system, fracture strength (Sf), which is equal to 

stress of detachment (Sm),is proportional to the fracture energy(gc), Youngs modulus of 

elasticity (E) and the critical crack length (c) of the fracture site.
[31]

 

Sf=(gcE/c)1/2  

 

Fracture energy can be obtained by the sum of the reversible work adhesion, Wr(work done to 

produce new fracture surface) and the irreversible work of adhesion, Wi (work of plastic 

deformation).
[32-33] 

 

gc=Wr+Wi  
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4. Adsorption theory 

 According to the adsorption theory, the mucoadhesive device adheres to the mucus by 

secondary chemical interactions, such as in van der waals and hydrogen bonds, elrctrostatic 

attraction or hydrophobic interaction.
[34] 

for example, hydrogen bonds are prevalent 

interfacial forces in polymers containing carboxyl groups.
[35-36]

 Such forces have been 

considered the most important in adhesive interaction phenomenon.
[37-38]

 Because, although 

they are individually weak, a great number of interactions can result in an global adhesion.
[39]

 

 

5. Diffusion theory 

The basic of the diffusion theory is chain entanglement between glycoproteins of the mucus 

and the mucoadhesive polymer chains.
[40]

 The production of semipermanent adhesive bond is 

supported by diffusion theory.
[41]

 Sufficient polymer chain flexibility, adequate exposure for 

the surface contact of both polymer, similar chemical structure, and the diffusion coefficient 

of the bioadhesive polymer are among the factors that influence the inter-diffusion of the 

macromolecule of network. Therefore, the strongest bioadhesive bonds should form between 

biomaterials whose solubility parameter are similar to those of the target mucus 

glycoproteins.
[42]

 

 

6. Mechanical theory 

Mechanical theory considers adhesion to be due to the filling of the irregularities on a rough 

surfaces by a mucoadhesive liquid. Moreover, such roughness increases the interfacial area 

available to interactions thereby aiding dissipating energy and can be considered the most 

important phenomenon of the process.
[43]

 

 

3. Factors affecting mucoadhesion
[44]

 

The mucoadhesion of a drug carrier system to the mucus membrane depends on the below 

mentioned factors. 

• Polymer based factors 

• Hydrophilicity
[45-47]

 

• Molecular weight of the polymer
[48]

 

• Concentration of polymer chains
[42]

 

• Swelling factors
[49-51]

 

• Stereochemistry of polymers
[52-58]
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➢ Physical factors 

• pH at polymer substrate interface
[59]

 

• Applied strength
[60]

 

• Contact time
[61]

 

 

➢ Physiological factors 

• Mucin turnover rate
[62]

 

• Diseased state
[63]

 

 

4. Methods of analyzing mucoadhesion 

 No technology has still been developed specifically to analyze mucoadhesion. Most of the 

tests available were adapted from other preexisting techniques but are useful and necessary 

for selecting the promising candidates as mucoadhesives as well as elucidating their 

mechanism of action. 

 

In vitro tests/exvivo
[64]

 

 methods determining tensile strength 

 methods determiningshear stress 

 adhesion weight method 

 fluorescent probe method 

 flow channel method 

 thumb method 

 adhesion number 

 electrical conductance 

 swelling properties 

 in vitro drug release studies ✓ mucoretentability studies 

 

In vivo methods
[65]

 

 use of radioisotops 

 use of gamma scientigraphy 

 use of pharmacoscientigraphy 

 use of electron paramagnetic resomamce (EPR) oximetry 

 X ray studies 

 Isolated loop technique 
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5. ROUTES OF MUCOADHESION DRUG DELIVERY SYSTEM 

5.1. BUCCAL DRUG DELIVERY SYSTEM:- The buccal mucosa, which is the inner 

cheek inner lining, is a prime area for drug delivery. These oral forms are developed 

specifically for placement between the gums and the cheek on the upper side of the mouth, 

thus allowing delivery of the drug to systemic as well as local condition. This means can 

provide a viable alternative especially for substances that may have challenges with 

traditional delivery methods. In this regard, buccal delivery route is more suitable for submits 

characterized by large size, hydrophilic, and probable unstable properties such as proteins, 

oligonucleotides, and polysaccharides. On the other hand, the administration of even the 

conventional small drug molecules can take place intradermal way. The oral mucosa enables 

beneficial substances to be absorbed directly into the bloodstream skipping the intestinal tract 

and paralleling degradation in the stomach due to the acidic environment. The oral cavity 

itself is an area that has unanimously been identified as an ideal site for drugs to be locally 

delivered together with improved bioavailability and therapeutic efficiency due to its 

accessibility. The buccal mode of drug administration provides the highest degree of 

convenience and patient-friendliness for many medications.
[66]

 The oral mucosa is a quite 

sophisticated structure made up of three distinct layers – epithelium, basement membrane and 

connective tissues. 

 

Permeability barrier property: The oral mucosa functions as a diffusion barrier through the 

channels which are constructed from the materials obtained from the cellular membranes of 

the glycocalyx. The epithelial layer integrity is compromised by these materials, thus, they 

become the passage through the mucosa. Buccal Mucosa: The oral mucosa, representing a 

third part of the oral cavity‘s total surface area of 100 cm², also presents itself as an alternate 

route of drug delivery. However, a patient's preference often goes for oral route, which poses 

certain hurdles that prevent using oral form for peptides and protein drugs such as hepatic 

first-pass metabolism and enzymatic degradation in the gastrointestinal tract (GI). 

Transmucosal drug administration occurs across mucosa linings, for example the nasal, 

rectal, vaginal and ocular mucosa, which provides advantages relative to oral administration. 

Transmucosal routes have advantage of bypassing first-pass metabolism, avoiding pre-

systemic elimination in gastrointestinal tract and exerting action against favourable enzymatic 

flora in the intestines for absorption. Even though nasal, rectal, vaginal, or ocular mucosa 

have several advantages, their poor patient acceptability limits their use in systemic drug 

transport. Only the local applications are thought to be worth their use.
[67]
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The oral cavity which has a surface area of 100 cm² containing the buccal or cheek surface 

covered with a 0.5 mm thick epithelium. The main role of the oral mucosa is to cover the 

underlying structures. The epithelial tissue is able to retain liquids due to the lipid-based 

permeability barriers which protect it from fluid loss and environmental agents such as toxins 

and antigens, carcinogens, and enzymes. Oral epithelium undergoes mitosis in 5-6 days. The 

oral cavity encompasses two regions: the outer oral vestibule, bordered on the outside by 

cheeks, lips, teeth, and gums, and the oral cavity proper, stretching from teeth and gums to 

throat points leading to the pharynx. The roof is the hard and soft palate, and the tongue is the 

projection from the floor of the cavity. The buccal mucosa, with its unique properties, is a 

potential site for drug delivery, as this has a joint preference on the part of the patient and 

systemic drug absorption advantages.
[68]

 

 

5.2. ORAL DRUG DELIVERY SYSTEM 

Oral mucosa: In the oral mucosal cavity, the buccal region appears to be a much more 

attractive pathway to administer drug delivery on a system level. The mucosa has a very rich 

blood supply and is a type of barrier that is comparatively permeable. 

 

Oral histology: This epithelium being notably thicker, in the buccal mucosa contains about 50 

cell layers. On the contrary, the sublingual epithelium has less layers than the root epithelial 

tissue. The transitional process involves the epithelial cells undergoing variations in the shape 

as they advance from the deepest layer to the outermost layer. These histoarchitectural 

features subsequently affect the movement and function of oral mucosa, particularly in areas 

like buccal cavity where oral drug delivery relies predominantly on the systemic delivery 

system.
[69]

 

 

The drug delivery systems are aimed at the disease periodontitis that is manifested by 

inflammatory tissue destruction of the supporting tissues of teeth. Treatment usually involves 

the combo of mechanical interventions and administration of chemotherapeutic agents into 

the intraperiodontal pockets. Last but not the least, the oral cavity accommodates both local 

and systemic administration of drugs, the availability of various formulations makes 

treatment of the patients reasonably comfortable and compliant.
[70]

 

 

Recent Application in Oral Mucoadhesive Drug Delivery: Recent Application in Oral 

Mucoadhesive 
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Drug Delivery: The oral mucoadhesive system of drug delivery has such a therapeutic goal to 

take into account all drugs that easily undergo rapid degradation and display poor 

bioavailability after administering the drug orally. These mucoadhesion properties, by 

extension, offer drugs with a longer residence time in the oral cavity and lead to better 

absorption and bioavailability, specially for the drugs that are confronted with difficulties in 

the gut or other parts of the body.
[71]

 

 

5.3. VAGINAL DRUG DELIVERY SYSTEM 

Vagina serves as the main avenue of administration of the different pharmaceutical products 

such as contraceptives, anti-fungal drugs and antibiotics among others. This option can be 

used for realizing local effects or to absorb persistent, thus making it mobile among the drug 

delivery means. Vagina and its vasculature network specifically incline to drug absorption 

and its systemic use. Agents and formulations administered vaginally are often developed in 

order "dual prophylaxis" which means addressing both contraception and microbial infections 

such as sexually transmitted infections (STDS), HIV among other that cause AIDS. The 

ability of this route to deliver drugs to the walls of the vagina allows for the effective 

treatment of both women's health problems and reproductive issues as well.
[72]

 

 

5.4. NASAL DRUG DELIVERY SYSTEM: 

The nasal cavity has a significant role as a therapeutic site for certain local diseases such as 

sinusitis and nasal block. Nevertheless, the last few years had been witnessing a tremendous 

upsurge in the nasal drug delivery as the promising hurdle to reach systemic therapy. This 

specific attitude has to do with the anatomical and physiological characteristics of the nasal 

cavity, which contains a high-surface area, greatly vascularized epithelium, permeable 

endothelial membrane and the bypass of first-pass metabolism. Additionally, at the nasal 

mucosa, the large surface area for absorption, reduced proteolytic activity accompanied by a 

possibility of higher patient compliance as well as lower cost of production compared to the 

parenteral products make it a potential site for vaccine delivery.
[73]

 

 

This cavity is lined with three types of epithelia: basal, respiratory, and olfactory cells as 

well.Anterior part of the nose shows a flattened mucosa without cilia, which is followed by a 

respiratory epithelium in the anterior nostrils. The olfactory epithelium is located in the 

posterior nasal cavity; its ciliated cells drive a unidirectional mucus movement from the nose 

down to the pharynx.
[74]
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5.5. RECTAL DRUG DELIVERY SYSTEM 

The rectum serves as the final segment of the large intestine, extending from the end of the 

sigmoid colon to the anal canal. 

 

The drug when given via the rectal route offers the benefit of resistance to enzymatic 

breakdown could be the insulin, avoids first-pass metabolism when the suppository is 

appropriately placed, and protects the mucosa from the gastric pain inducer drugs, including 

the NSAIDs.
[75]

 

 

Rectal Anatomy and Physiology: The rectum acts the last part of the large intestine beginning 

at end of the sigmoid colon up until the anal canal. Its main objective is to act as a channel for 

a temporary detour or storage site process and is of low importance in the way of water and 

electrolytes uptake of its contents. The abdomen of children has a lesser size as compared to 

that of adults' when it comes to anatomy. The rectum is a sidewalk in adults, measuring 15-20 

signage. It has a surface area of 3-4 handsized pieces of scaffolding. The reason why children 

growth-wise show variance in size is that their guts keep growing to be more of a man.Mark 

another instance of the rectum, which at 1 month after birth will have a length of 

approximately 3cm and a surface area of about 18 cm2, but it will grow in length to around 

12 cm and a surface area of 230 cm2 at aged 10. Routinely a rectum is filled with 1-3ml of 

fluid, pH balance 7-8 and doesn‘t have any abilities to buffer.
[76]

 

 

• Liquid Formulations: These formulations represent quick drug degradation and 

solubilization  within the rectal fluid. Liquids are featured with the excellent spreading 

capability, not only contributing to the local and systemic effects of a drug. 

 

• Solid Formulations: Rectal solid dosage forms are subjected to a process that involves  

disintegration, liquefaction, and dissolution which enable the drug to be absorbed through the 

epithelium. Among the reasons is that the beginning of the therapeutic impact of the solid 

formulations is usually slower than for the liquids. 

 

• Semi-Solid Dosage Forms: Employed to treat local conditions like ano-rectal pruritus, 

swelling,  and hemorrhoid-specific pain, the semi-solid rectal forms of dosage have 

enhanced retention time in rectum. It leads to improved patient compliance, reduced 

discomfort, and accelerated drug release efficacy.
[77]
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6. Mechanism 

As stated, mucoadhesion is the attachment of the drug along with a suitable carrier to the 

mucous membrane. Mucoadhesion is a complex phenomenon which involves wetting, 

adsorption and interpenetration of polymer chains. Mucoadhesion has the following 

mechanism
[78]

, 

1. Intimate contact between a bioadhesive and a membrane
79

 (wetting or swelling 

phenomenon).  

2. Penetration of the bioadhesive into the tissue or into the surface of the mucous 

membrane.
[79]

 (interpenetration).
[80]

 Residence time for most mucosal routes is less than 

an adhesive agent in the delivery system which is useful to localize the delivery system 

and increases the contact time at the site of absorption.
[81]

 Many of the ortho-linked 

oligosaccharides side chains are often terminated in salicylic acid, sulfonic acid, L-

fructose.
[82]

 

 

7. Limitations 

Drug administration via this route has certain limitations 

1. Drugs that are unstable at buccal pH cannot be administered. 

2. Only drugs with a small dose requirement can be administered 

3. Eating and drinking may become restricted. 

4. There is a possibility of the patient swallowing the tablet.
[83-85]

 

5. Surface area available for adsorption is less.  

6. Sometimes, the degradation of moisture sensitive drugs may take place by saliva.
[86]

 

 

8. Overview of the oral mucosa 

Antomy and structure of the oral cavity:- the oral cavity is lined by a relatively thick, dense, 

and multilayered mucous membrane of a highly vascularized nature. The epithelium of the 

oral cavity is in principal similar to that of the skin, interesting difference regarding 

keratinization and the protective and the lubricant mucus across its surface. 

The oral cavity can be divided into three functional zones: 

1. The mucus-secreting regions consisting of the soft palate, the floor of the mouth, the 

underside of .the tongue, and the labial and buccal mucosa, which have a normally 

nonkeratinized epithelium.  

2. The hard palate and the gingival are the regions of the masticatory mucosa and have a 

normally keratinized epidermis.  
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3. Specialized zone consisting of the tongue with its highly selective keratinization.
[87-88]

 

 

9. Composition of mucus layer 

mucus is a translucent and viscid secretion which forms a thin, continuous gel blanket 

adherent to the mucosal epithelial surface. The mean thickness of this layer varies from about 

50 to 450um in humans. It is secreted by the goblet cells lining the epithelia or by special 

exocrine glands with mucus cell acini. The exact composition of the mucus layer varies 

substancially, depending on the species, the anatomical location and the pathological state. 

However, it has the following general composition.
[89]

 

 

1. Water  95% 

2. glycoproteins and lipids  0.5 to 5% 

3. mineral salts  1% 

4. free proteins  0.5 to 1% 

 

Mucus glycoproteins are high molecular proteins possessing attached oligopolysaccharide 

units. They are 

a) L-fructose 

b) D-galactose 

c) N-acetyl –D-glucosamine 

d) N-acetyl-D-galactosamine 

e) Salicylic acid 

 

10. Advantage of the mucoadhesive buccal drug delivery system 

drug administration via the oral mucosa offers several advantages
[83-85]

: 

1. Ease of administration. 

2. Termination of therapy is easy. 

3. Permits localization of drug to the oral cavity for a long time. 

4. Can be administered to unconscious patient. 

5. Because its accessibility it prmits localization of controlled drug delivery system and 

allows opportunity to locally modify tissue permeability, inhibit protease activity, or 

decrease immunogenic response. Thus, selective use of therapeutic agents like peptides, 

proteins, and ionized species can be achieved.
[87]

 

6. Therapeutic serum concentration of the drug can be achieved more rapidly.
[90]

 

7. Drug is protected from degradation in the acidic environment in the GIT.
[91]
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11. Disadvantages of the mucoadhesive buccal drug delivery system 

1. low permeability of the buccal membrane, specifically when compared tp the sublingual 

membrane. 

2. The continuous secretion of saliva (0.5-21/day) leads to subsequent dilution of drug. 

3. Swallowing of saliva can also potentially lead to the loss of dissolved or suspended drug 

and, ultimately the involuntary removal of the dosage form.
[92]

 

4. Patient acceptability in terms to taste and irritancy. 

5. One of the major limitations in the development of oral mucosal delivery is the lack of 

good model for in vitro screening to identify drugs suitable for such administration. 

6. Eating and drinking is prohibited.
[93]

 

 

12. Buccal mucoadhesive dosage forms 

An ideal drug delivery system should possess the two main properties given below: 

a) Spatial placement (for targeting drug to specific organ/tissue) 

b) Temporal delivery (for controlling the rate of drug delivery) 

 

Today, it is very difficult to formulate an ideal drug delivery. This led to development of 

sustained/controlled release delivery systems. Still, sustain or controlled delivery system 

lacks in preventing drugs loss by either hepatic first pass metabolism or presynaptic 

elimination like grastic, intestinal, or colonic degradation. So, several approaches have been 

tried to form a suitable dosage form for the above said conditions. Oral mucosal drug 

delivery, one of the physiological approaches, was reported to be a method to formulate these 

drugs into suitable dosage form with good therapeutic effects.
[94]

 

 

13. General consideration in designing dosage forms 

13.1. Physiological aspects: Due to the constant flow of saliva and regular movement of 

tissues present in the oral cavity is the most challenging aspects. Due to this, the residence 

time of drugs for this routes is very short
95

. The bioadhesive polymers are been use for 

improving the residence time in the buccal mucosa, and hence increase the absorption of 

drugs, side effects are also being reduced as compare to in case of systemic delivery.
[96]

 

 

13.2. Pathological aspects: The barrier property of buccal mucosa is mainly due to 

presence of epithelial tissue. The thickness of epithelial tissue can be affected by many 

diseases that may change the barrier property of epithelial tissue. Some disease or treatment 

may cause the alteration in rate of mucus secretion. These changes at the mucosal surface due 

to various pathological conditions may affect the residence time buccal delivery device.[
97-99

] 
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13.3. Pharmacological aspects: the design and formulation of a buccal delivery dosage 

form depends upon the nature of delivery (local or systemic), drugs targeting site and 

mucosal site to be treated. The buccal delivery is generally preferred for systemic delivery as 

compared to the local delivery of drugs.
[100]

 

 

13.4. Pharmaceutical aspects: The buccal drug delivery system is generally used for 

desired absorption of poorly water soluble drugs. For this purpose, firstly the water solubility 

of the drug is enhanced by using specific solubility enhancement method e.g., by forming 

complex with cyclodextrin. Hence by improving solubility, the absorption of drug also get 

increase in buccal mucosa.
[101]

 There are some polymer such as carbopol, polycabophil that 

can inhibit certain proteolytic enzymes.
[102]

 

 

14. Classification of Buccal Adhesive Dosage Forms 

14.1. Solid dosage form 

Buccal tablet: The bioadhesive tablets are most preferable mucoadhesive device in order to I 

improve bioavailability of drugs. Mucoadhesive tablet can be prepared by methods such as 

wet granulation and direct compression. In case of buccal drug delivery, the tablets are placed 

in buccal pouch below the muscles of teeth. Mechanism of drug release is erosion. 

 

Advantages: The buccal tablet can developed for verity of drug including insoluble to 

soluble, low dose to high dose, hydrophilic to lipophilic. As compared to conventional tablet, 

buccal tablet are flats mall and retained at site until release and/or dissolution is complete. 

 

Disadvantages: They provide little bit of discomfort to the buccal cavity because of their 

solid nature.
[103]

 

1. Bioadhesive microsphere: Microsphere is an important part in case of novel drug 

delivery system. This mucoadhesive microsphere is mainly used for purpose of targeting of 

specific body cavity. 

 

Advantages: They provide high absorption and enhanced bioavailability of drug due to their 

surface-to-volume ratio that provide highest contact of microspheres with mucus membrane.  

 

2. Bioadhesive wafers: It is a newer dosage form for bioadhesive buccal delivery. It is used 

at the periodontal region for the treatment of infections related with periodontitis.
[104]
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3. Bioadhesive lozenges: Bioadhesive lozenges are generally used for delivery of drugs that 

are antimicrobials, corticosteroids, local anesthetics, antibiotics and anti-fungals and are 

used topically in the buccal cavity. 

 

Advantages: Better patient compliance and easy to swallow. Disadvantages: The lozenge 

produce a high release rate of drug at initial stage and rapidly reaches the sub-therapeutic 

level.
[104]

 

 

14.2. Semisolid dosage form  

1. Bioadhesive patch/film: Patches or film are preferred over tablet because of their 

comfort and flexibility. they are formulated such that it can provide contact between 

bioadhesive formulation and mucosa. Thickness of patch is a constraint which cannot provide 

control release of drug for longer period of time. In case of drug containing reservoir layer 

type; drug is released in controlled manner. Patches and film are mostly preferred for local 

action to treat oral diseases. There are many methods used for formulation of patch or films 

such as solvent casting method, hot melt extrusion technique, direct milling, semisolid 

casting, solid dispersion extrusion etc. Among that solvent casting is most popular method 

and widely used.
[105]

 

 

2. Buccal gel and ointment: As the advantage of dispersion gel and ointment has come in 

focus. They do not have accurate dosing as unit dosage form like tablet, patches or films 

hence they are mostly preferred for local action where dose accuracy is less or not concern. 

 

Advantages: local application of steroidal gel for treatment of mucosal ulceration in order to 

decrease the side effects of steroids. 

 

Disadvantages: It has less patient acceptability than other mucoadhesive formulation.
[106]

 

 

3. Medicated chewing gum: Medicated chewing gum contains drug which after chewed, 

offer high amount of drug to prove local action in mouth. It can also shows absorption 

through systemic circulation. The medicated chewing gum for nicotine replacement therapy 

is available. Likewise caffeine chewing gums are also available.
[107]

 

 

14.3. Liquid dosage form 

These are available in form of solution or suspension of drug in suitable vehicle. There are 

many liquid dosage forms that are available in market such as mouthwashes, mouth 
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freshener, and are generally used for local delivery of drugs. Wide varieties of polymers are 

use from that chitosan has greatest binding capacity than other. Viscous liquid formulations 

are preferred to coat buccal cavity either as vehicle or as protectant.
[108]

 

  

15. Evaluation of Buccal Mucoadhesive Dosage Forms 

15.1. Experimental methodologies for buccal absorption/ permeability study 

1. In-vitro and ex-vivo methods of evaluation: the in-vitro studies are used to determine 

the release, solubility and dissolution of dosage forms. The ex-vivo studies conducted on the 

animal tissues and membranes by preparing animal models. The tissues are taken from the 

freshly died animals and are been used within 2 hrs aіer their separation. The membranes are 

then placed and stored in ice-cold (4°C) Kreb‘s buffer up to the time before they are mounted 

between diffusion cell for the ex-vivo permeation experiments.
[109]

 

 

2. In-vivo methods: It is also called as buccal absorption test. For kinetic drug absorption 

measurement this method can be used. the procedure involves the swirling of a 25 ml sample 

of the test solution for up to 15 min by human volunteers in their buccal cavity. after 15 min 

the solution expelled out. In order to calculate the amount of drug absorbed, the amount of 

drug present in expelled volume can be calculated. The main disadvantages including salivary 

dilution of drug and accidental swallowing of sample solution may arise. 

 

3. Experimental animal species: Choice of animal for the experimental study is very 

important factor. To perform in-vivo study researchers can prefer the animals depending on 

test to be perform. Most of animals having the keratinized buccal mucosa, but the rabbit and 

pig are the only animals which having non-keratinized mucosa as like humans. To study 

permeation of drug monkey, dog, pig animals are mostly used. In-vitro release study: 

For simulating in-vivo conditions, researchers have developed different apparatus like: 

• Beaker method 

• Dissolution apparatus 

• Interface diffusion system 

• Modified Keshary Chien cell 

 

16. Permeability 

The oral mucosa in general are somewhat leaky epithelia intermediate between that of the 

epidermis and intestinal mucosa. It is estimated that the permeability of the buccal mucosa is 

4-4000 times greater than that of the skin. As indicative by the wide range in this reported 
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value, there are considerable differences in permeability between different regions of the oral 

cavity because of the diverse structures and functions of the different oral mucosa. In general, 

the permeability of the oral mucosa decrease in the order of sublingual greater than buccal, 

and buccal greater than palatal.
[110]

 This rank order is based on the relative thickness and 

degree of keratinization of these tissues, with the sublingual mucosa being relatively thin and 

nonkeratinized, the buccal thicker and non-keratinized, and the palatal intermediate in 

thickness but keratinized. It is currently believed that the permeability barrier in the oral 

mucosa is a result of intercellular material derived from the so-called ‗membrane coating 

granules‘ (MCG).
[111]

 This barrier exists in the outermost 200µm of the superficial layer. 

Permeation studies have been performed using a number of very large molecular weight 

tracers, such as horseradish peroxidase.
[112]

 and lanthanum nitrate.
[113]

 When applied to the 

outer surface of the epithelium, these tracers penetrate only through outermost layer or two of 

cells. When applied to the submucosal surface, they permeate up to, but not into, the 

outermost cell layers of the epithelium. According to these results, it seems apparent that 

flattened surface cell layers present the main barrier to permeation, while the more 

isodiametric cell layers are relatively permeable. Aside from the MCGs, the basement 

membrane may present some resistance to permeation as well, however the outer epithelium 

is still considered to be the rate limiting step to mucosal penetration. The structure of the 

basement membrane is not dense enough to exclude even relatively large molecules. 

 

17. Penetration enhancer 

The permeability barrier is one major obstacle to utilizing the oral mucosa for drug delivery. 

Researchers have looked at permeability enhancers as a possible remedy for this issue. 

Permeability enhancers are also necessary when an Active Pharmaceutical Ingredient (API) 

demands to reach the systemic circulation across the buccal mucosa to begin functioning. 

Enhancers contain various surfactants, one of which is bile salts. For bile salts to function, the 

membrane must be free of lipids or proteins, fluidized, reverse micellization initiated, and 

aqueous channels created. Azone produces a fluid area in intercellular lipids, fatty acids 

disrupt the intercellular lipid packing, and alcohols rearrange lipid domains and alter the 

conformation of proteins. The following are some elements that influence permeation 

enhancer selection and effectiveness: 

• site of administration 

• Physicochemical properties of the drug 

• Nature of the vehicle 
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• Other excipients 

Combining penetration enhancers usually yields a more noticeable result than using each 

enhancer separately. The efficiency of a penetration enhancer varies at different sites due to 

variations in structural and functional features, such as membrane thickness, lipid 

composition, cellular morphology, enzymatic activity, and potential protein interactions. 

Increasing buccal membrane penetration can take different forms depending on the 

medication.
[114]

 

 

18. Evaluation of mucoadhesive buccal drug delivery systems 

 Buccal adhesive drug delivery devices are subjected to the routine evaluation tests such as 

weight variation, thickness variation, friability, hardness, content uniformity, in vitro 

dissolution of tablets; tensile strength, film endurance, hygroscopicity, etc. for gels and 

ointments. They should also to be evaluated specifically for their bioadhesive strengths and 

permeabilities.
[115]

 

 

19. Previous Work Done on Buccal Mucoadhesive Drug Delivery System 

 In 2007, Ramana et al. designed and evaluated the buccal mucoadhesive drug delivery 

systems of Metoprolol Tartrate using the mucoadhesive polymers i.e., Carbopol-934, hydroxy 

methyl propyl cellulose, hydroxyl ethyl cellulose and sodium carboxy methyl cellulose. The 

best mucoadhesive performance and in-vitro drug release profile were exhibited by tablets 

containing hydroxyethyl cellulose and Carbopol-934 in 1:2.
[116]

 

 

In 2008, Kolli et al. developed the buccal mucoadhesive patch of Prochlorperazine using 

various concentrations of HPMC E15 and Polyester backing membrane. They concluded that 

the formulation containing 2500 mg of HPMC E15 and 375 µl of Propylene glycol was the 

optimized formulation aіer evaluating it in-vitro as well as ex-vivo studies.
[117]

 

 

In 2010, Chaudhary et al. developed the mucoadhesive buccal patches of Methotrexate. They 

used the backing membrane prepared by ethyl cellulose (5%) in mixture of acetone and 

isopropyl alcohol (60:40). Glycerol (5%) was added as plasticizer. The mucoadhesive 

polymers used were Sodium Alginate, carbopol-934, sodium carboxy methyl cellulose and 

polyvinyl pyrrolidine. The cumulative drug release of the formulation containing sodium 

alginate with a secondary polymer was found in order of Sodium alginate >carbopol-934 

>Sodium Carboxy methyl cellulose >polyvinyl pyrroliidine at the end of 8 hours. The 
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formulation containing Sodium Alginate (800 mg), Carbopol-934 (200 mg), glycerol (10%) 

and water (30 ml) waste optimized formulation.
[118]

 

 

In 2010, another study was also conducted by Velmurugan et al. They formulated the buccal 

tablets of Piroxicam using HPMC K4M and Carbopol-934 in different ratios. In this study H3 

formulation comprising of piroxicam and HPMC K4M (1:3) show edoptimum drug release 

and satisfactory bioadhesive properties.
[119]

 

 

In 2011, Naga Raju et al. formulated the buccal tablets of Metoprolol Tartrate using different 

Mucoadhesive polymers such as Carbopol 934, Sodium alginate and HPMC K4M in 

combination. Th prepared tablets were evaluated for bioadhesive strength and in-vitro drug 

release. In-vitro bioadhesive strength and in-vitro release studies showed that formulation 

containing 1:1.25 ratio of drug and polymer (Carbopol-934 and HPMC K4M) combination 

showed optimum bioadhesive and exhibited optimum drug release (77.33 ± 0.23).
[120]

 

 

In 2011, the further study was conducted by Deshmukh et al. they formulated Propranolol 

hydrochloride buccal mucoadhesive gel using Natural Mucoadhesive agent obtained from the 

Fruits of Ficuscarica L. the formulation F1, F3, F4 and F5 showed Fickian diffusion 

formulation F2 showed Anomalous (non-Fickian) di ٴوusion.
[121]

 

 

In 2012, Mishra et al. formulated the buccal patches of Simvastatin. Нe buccal patchs were 

prepared from 1% eudragit-RS100 and variable amount of different polymer composite, PVP, 

PVA, HPMC and EC. The formulation containing eudragit-RS100 and PVP(1:1) showed the 

maximum and faster release.
[122]

 

 

In 2013, Sandhya et al. formulated buccal films of Ketorolac Tromethamine. Нese films were 

prepared by polymers like HPMC K 100M, HPMC E15, HPMC E50, Eudragit RLPO and 

developed by solvent casting method. Formulation F5 (HPMC E15-Polysorbate - Eudragit 

RLPO) exhibited best mucoadhesive performance and matrix controlled release. Swelling 

behaviour and duration of mucoadhesion are critical factors in the selection of satisfactory 

formulation.
[123]

 

 

In 2013, the further study was conducted on Formulation and invitro evaluation of Losartan 

Potassium mucoadhesive buccal tablets by Velmurugan et al. They used mucoadhesive 

polymers such as Carbopol -940P, pectin, sodium CMC, Sodium alginate, HPMC K4M, 

HPMC K15M and HPMC K100M in alone and in combination as release retarding agent to 
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prolong the drug release and to avoid first pass metabolism. Ex-vivo mucoadhesive strength, 

ex vivo residence time and in-vitro release studies showed that formulation F10 (sodium 

alginate and HPMC K100M) containing 1:1.25 ratio of drug and polymer combination 

showed satisfactory bioadhesive and exhibited optimum drug release.
[124]

 

 

In 2014, Ganaie et al. formulated the mucoadhesive buccal film of Methyldopa using 

Hydroxy propyl methyl cellulose K-47 (HPMCK-47), poly vinyl pyrrolidine K-30 (PVP 

K30), sodium CMC and ethyl cellulose. The best mucoadhesive performance and matrix 

controlled release was exhibited by the formulation F5 (HPMC K-47 and PVP K-30). The 

correlation coefficient value (r) indicates the kinetic of drug release was zero order.
[125]

 

 

In 2015, Madhuri et al. designed the solid dosage form for buccal drug delivery of Diltiazem 

Hydrochloride using various polymers i.e., Carbopol971P (CP) and secondary polymers such 

as Hydroxy propyl methyl cellulose (HPMCK4M) and Psyllium husk in Six formulations. 

They concluded that the formulation B3 containing Carbopol971P and HPMC K4M in the 

ratio of 1:5 showed good mucoadhesive strength (51.34 gm) and maximum drug release of 

94.72% in 8 hrs. Swelling of tablets increased with increase in concentration of HPMC 

K4M.
[126]

 

 

In 2016, Nagarani et al. formulated the Esomeprazole mucoadhesive buccal tablets using 

mucoadhesive polymers like hydroxy propyl methyl cellulose K 100 M, Carbopol 934, 

HPMC K 15 M. Drug: polymer ratio for F5 is 1:1, this F5 (guar gum and carbopol -971P) 

formulation was considered as an optimized formulation among all these formulations 

because it released maximum amount of drug in desired period of 6 hrs and showed good 

swelling index properties.
[127]

 

 

In 2016, the further study was conducted by Marimutho et al. On formulation and evaluation 

of Zidovudine mucoadhesive buccal patches using polymers i.e., HPMC E15, Sodium 

Alginate and gelatine. They concluded that the release of Zidovudine from the formulated 

patches followed zero order kinetics so that the drug release mechanism was controlled 

release.
[128]

 

 

20. RECENT APPLICATIONS IN ORAL MUCOADHESIVE DRUG DELIVERY 

Oral mucoadhesive drug delivery has widespread applications for many drugs which on oral 

administration result in poor bioavailability and are rapidly degraded by the oral 
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mucoadhesive drug delivery provides advantages of high accessibility and low enzymatic 

activity. Earlier the hydrophilic polymers like SCMC, HPC and polycarbophil were used for 

the treatment of periodontal diseases, but now the trend is shifting towards the effective 

utilization of these systems to the delivery of peptides, proteins and polysaccharides.
[78]

 

 

The buccal cavity has additional advantages of high patient compliance. Orabase, a first 

generation mucoadhesive paste has been used as barrier system for mouth ulcers. Semisolids 

offer more ease in administration, but tablets have also been formulated. Tablets include 

matrix devices or multilayered systems containing a mucoadhesive agent. The tablet is kept 

under the upper lip to avoid clearance mechanism of the salivary gland. Buccostem, an 

adhesive antiemetic tablet containing prochlorperazine is usually administered in this 

manner.
[129]

 

 

Buccal mucoadhesive dosage forms may be classified into three types, 

- A single layer device with multidirectional drug release. - A dosage form with 

impermeable backing layer which is superimposed on top of and drug loaded bioadhesive 

layer, creating a double layered device and preventing loss from the top surface of the 

dosage form into the oral cavity. 

- Unidirectional release device, the drug is releasesd only from the side adjacent to the 

buccal mucosa. 

 

21. CONCLUSION 

The phenomenon of mucoadhesion can be used as a model for the controlled drug delivery 

approaches for a number of drug candidates. The various advantages of the oral 

mucoadhesive drug delivery systems like prolongation of the residence time of the drug 

which in turn increases the absorption of the drug are important factors in the oral 

bioavailability of many drugs. The factors which are determinant in the overall success of the 

mucoadhesive drug delivery are the polymer physicochemical properties and the in-vivo 

factors such as the mucin turnover rate, mucin flow. A number of both in-vitro and in-vivo 

techniques have been developed for the evaluation of the mucoadhesive drug delivery 

systems. Mucoadhesive dosage forms extend from the simple oral mucosal delivery to the 

nasal, vaginal, ocular and rectal drug delivery systems. The most widely studied and accepted 

polymers for mucoadhesion have been the hydrophilic, high molecular weight, anionic 

molecules like carbomers. Recently the focus has been on the novel second generation 

polymers like the thiolated polymers, lectins and lecithins. Despite the huge amount of work 
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been done on this drug dekivery platform, the focus has been primarily on the formulation of 

gastroretentive dosage forms, hence, work must be done to exploit this drug delivery system 

for various other approaches like drug targeting and site specific drug delivery systems. 
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