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ABSTRACT 

Mucoadhesive drug delivery systems interact with the mucus layer covering the mucosal epithelial 

surface, and mucin molecules and increase the residence time of the dosage form at the site of 

absorption. The drugs which have local action or those which have maximum absorption in 

gastrointestinal tract (GIT) require increased duration of stay in GIT. Thus, mucoadhesive dosage 

forms are advantageous in increasing the drug plasma concentrations and also therapeutic activity. 

In this regard, this review covers the areas of mechanisms, polymers used in mucoadhesion, factors 

influencing the mucoadhesive and also various mucoadhesive dosage forms. 
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INTRODUCTION 

The term bioadhesion implies attachment of a drug carrier system to a specific biological location. 

The biological surface can be epithelial tissue. If adhesive attachment is to a mucus coat, the 

phenomenon is referred to as mucoadhesion.(1)Mucoadhesive drug delivery systems prolong the 

residence time of the dosage form at the site of application or absorption. They facilitate an intimate 

contact of the dosage form with the underlying absorption surface and thus improve the therapeutic 

performance of the drug. In recent years, many such mucoadhesive drug delivery systems have been 

developed for oral, buccal, nasal, rectal and vaginal routes for both systemic and local effects.(2) 

Dosage forms designed for mucoadhesive drug delivery should be small and flexible enough to be 

acceptable for patients and should not cause irritation. Other desired characteristics of a 

mucoadhesive dosage form include high drug loading capacity, controlled drug release (preferably 

unidirectional release), good mucoadhesive properties, smooth surface, tastelessness, and 

convenient application. Erodible formulations can be beneficial because they do not require system 

retrieval at the end of desired dosing interval. A number of relevant mucoadhesive dosage forms 

have been developed for a variety of drugs. Several peptides, including thyrotropin-releasing 

hormone (TRH), insulin, octreotide, leuprolide, and oxytocin, have been delivered via the mucosal 

route, albeit with relatively low bioavailability (0.1–5%), owing to their hydrophilicity and large 

molecular weight, as well as the inherent permeation and enzymatic barriers of the mucosa. The 

development of sustain release dosage form can achieve the aim of releasing the drug slowly for a 

long period but this is not sufficient to get sustained therapeutic effect. They may be cleared from 

the site of absorption before emptying the drug content. Instead, the mucoadhesive dosage form will 

serve both the purposes of sustain release and presence of dosage form at the site of absorption. In 

this regard, our review is high lighting few aspects of mucoadhesive drug delivery systems.(3) 

Mechanism of Mucoadhesion 

Mucoadhesion is complex phenomenon which allows attachment of drug molecule to the mucous 

layer with the aid of suitable carrier. Mucoadhesion process consists of various actions such as 

wetting, adsorption and interpenetration of polymer chains. Numbers of steps have been involved in 

the process of mucoadhesive bond formation. The first step of mucoadhesion process involves 

spreading, wetting, and dissolution of polymeric chain at the interface. Next step of mucoadhesion 

is interpenetration layer in which mechanical or physical entanglement between polymeric materials 

with the surface of mucosal layer occurs. The last step involves chemical interactions (hydrogen 

bonding, covalent bonding, ionic bonds, and Van der Waals’ interactions.(4) 
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Advantages of Oral Mucoadhesive Drug Delivery Systems 

1) Prolongs the residence time of the dosage form at the site of absorption hence increases the 

bioavailability. 

2) Rapid onset of action. 

3) Reduction in dosing frequency. 

4) Drug is protected from degradation in the acidic environment in the GIT. 

5) Improved patient compliance.(5) 

Disadvantages Of Mucoadhesive Drug Delivery Systems 

1) Occurrence of local ulcerous effects due to prolonged contact of the drug possessing ulcerogenic 

property. 

2) One of the major limitations in the development of oral mucosal delivery is the lack of a good 

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

3) Patient acceptability in terms to taste, irritancy and mouth feel is to be checked.(5) 

Polymers Used For Mucoadhesive Drug Delivery 

These polymers are classified as: 

Hydrophilic polymers: 

Contains carboxylic group and possess excellent mucoadhesive properties. These are, 

• PVP (Poly vinyl pyrrolidine)  

• MC (Methyl cellulose) 

• SCMC (Sodium carboxyl methyl cellulose) 

• HPC (Hydroxyl propyl cellulose) 

Hydrogels  

These swell when in contact with water and adhere to the mucus membrane. These are further 

classified according to their charge  

Anionic polymers - carbopol, polyacrylates  

Cationic polymers - chitosan  

Neural/ non-ionic polymers - eudragit analogues(6) 

Factors Affecting Mucoadhesion 

Molecular weight 

The mucoadhesive strength of a polymer increases with molecular weights above 100,000. Direct 

correlation between the mucoadhesive strength of polyoxyethylene polymers and their molecular 

weights lies in the range of 2,00,000–70,00,000.(7) 

Flexibility 
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Mucoadhesion starts with the diffusion of the polymer chains in the interfacial region. Therefore, it 

is important that the polymer chains contain a substantial degree of flexibility in order to achieve the 

desired entanglement with the mucus. The increased chain interpenetration was attributed to the 

increased structural flexibility of the polymer upon incorporation of polyethylene glycol. In general, 

mobility and flexibility of polymers can be related to their viscosities and diffusion coefficients, as 

higher flexibility of a polymer causes greater diffusion into the mucus network.(8) 

Cross-linking density 

The average pore size, the number and average molecular weight of the cross-linked polymers, and 

the density of cross-linking are three important and inter-related structural parameters of a polymer 

network. Therefore, it seems reasonable that with increasing density of crosslinking, diffusion of 

water into the polymer network occurs at a lower rate which, in turn, causes an insufficient swelling 

of the polymer and a decreased rate of interpenetration between polymer and mucin.(9) 

Hydrogen bonding capacity 

Hydrogen bonding is another important factor in mucoadhesion of a polymer. Desired polymers 

must have functional groups that are able to form hydrogen bonds, and flexibility of the polymer is 

important to improve this hydrogen bonding potential. Polymers such as poly(vinyl alcohol), 

hydroxylated methacrylate, and poly(methacrylic acid), as well as all their copolymers, have good 

hydrogen bonding capacity.(10) 

Hydration 

Hydration is required for a mucoadhesive polymer to expand and create a proper macromolecular 

mes of sufficient size, and also to induce mobility in the polymer chains in order to enhance the 

interpenetration process between polymer and mucin. Polymer swelling permits a mechanical 

entanglement by exposing the bioadhesive sites for hydrogen bonding and/or electrostatic interaction 

between the polymer and the mucus network. However, a critical degree of hydration of the 

mucoadhesive polymer exists where optimum swelling and mucoadhesion occurs. (10) 

Charge 

Some generalizations about the charge of bioadhesive polymers have been made previously, where 

nonionic polymers appear to undergo a smaller degree of adhesion compared to anionic polymers. 

Strong anionic charge on the polymer is one of the required characteristics for mucoadhesion. Some 

cationic polymers are likely to demonstrate superior mucoadhesive properties, especially in a neutral 

or slightly alkaline medium. Additionally, some cationic high–molecular-weight polymers, such as 

chitosan, have shown to possess good adhesive properties. There is no significant literature about 
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the influence of the charge of the membrane on the mucoadhesion but the pH of the membrane 

affects the mucoadhesion as it can influence the ionized or un-ionized forms of the polymers.(11) 

Mucoadhesive Dosage Form  

Tablets  

Tablets are small, flat and oval, with a diameter of approximately 5–8 mm. Unlike the conventional 

tablets, mucoadhesive tablets allow for drinking and speaking without major discomfort. They 

soften, adhere to the mucosa, and are retained in position until dissolution and/or release is complete. 

Mucoadhesive tablets, in general, have the potential to be used for controlled release drug delivery, 

but coupling of mucoadhesive properties to tablet has additional advantages, for example, it offers 

efficient absorption and enhanced bioavailability of the drugs due to a high surface to volume ratio 

and facilitates a much more intimate contact with the mucus layer. This mucoadhesive tablet allowed 

patients to eat and speak without discomfort and caused no irritation, bad taste or pain.(12) 

Patches  

Several different patch systems that adhere to the oral mucosa and are designed to deliver drugs have 

been developed. There are basically three different types of oro-adhesive patches: patches with a 

dissolvable matrix for drug delivery to the oral cavity. These patches are longer acting than solid 

forms such as tablets and lozenges and can produce sustained drug release for treating oral 

candidiasis and mucositis.(13) 

Films  

Mucoadhesive films may be preferred over adhesive tablets in terms of flexibility and comfort. In 

addition, they can circumvent the relatively short residence time of oral gels on the mucosa, which 

are easily washed away and removed by saliva. Thin strips of polymeric films, capable of loading 

up to 20 mg of drugs, dissolve on the tongue in less than 30 s and deliver drugs (which are able to 

cross the permeability barrier) directly to the blood supply for rapid treatment of conditions such as 

impotence, migraines, motion sickness, pain relief and nausea.(14)  

Gels and ointments  

Semisolid dosage forms, such as gels and ointments, have the advantage of easy dispersion 

throughout the oral mucosa. However, drug dosing from semisolid dosage forms may not be as 

accurate as from tablets, patches, or films. Poor retention of the gels at the site of application has 

been overcome by using mucoadhesive formulations. Certain mucoadhesive polymers, for example, 

sodium carboxymethylcellulose, carbopol, hyaluronic acid, and xanthan gum, undergo a phase 

change from liquid to semisolid. This change enhances the viscosity, which results in sustained and 
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controlled release of drugs. Hydrogels are also a promising dosage form for buccal drug delivery. 

Gels applied to the oral mucosa have been trilled for the delivery of systemic analgesics, 

antihypertensive and drugs for treating cardiovascular disease as well as topical delivery of 

antifungal agents, anti-inflammatories and mucoprotective agents to the oral mucosa.(15) 

Sprays 

Spray which is capable of delivering large molecules, such as insulin across the oral mucosa. 

Glyceryltrinitrate is a small molecule that can be rapidly delivered across the sublingual oral mucosa 

using a spray for angina relief.(16) 

Pastes 

Pastes have been utilized in the delivery of antimicrobial agents for improved extraction socket 

healing after tooth extractions in patients with HIV disease and for the delivery of controlled release 

triclosan in oral care formulations. Pastes are also being used for the local delivery and retention of 

slow release minocycline in the gingival crevice surrounding teeth in the treatment of periodontal 

disease. Liposomes have been investigated as drug delivery carriers both as a solution and in a paste 

formulation.(17) 

CONCLUSION 

Mucoadhesive systems are known to provide intimate contact between dosage form and the 

absorptive mucosa, resulting thereby in a high drug flux through the absorbing tissue. Studies on 

mucoadhesive systems have focused on a broad array of aspects. It is a growth area whose goal is 

the development of new devices and more “intelligent” polymers, as well as the creation of new 

methodologies that can better elucidate the mucoadhesion phenomenon. With the appropriate 

technologies, delivery techniques and the choice of the polymer for the oral mucosa could, in the 

future, be utilized for the treatment of many diseases both mucosal and systemic and the catalogue 

of drugs which can be delivered via the mucosa could be greatly increased. 
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