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ABSTRACT 

Mucoadhesion is a field of current interest in the design of drug delivery 
systems. Mucoadhesion is commonly defined as the adhesion between two 
materials, at least one of which is a mucosal surface. Mucoadhesive drug 
delivery system may be designed to enable prolonged residence time of the 
dosage form at the site of application or absorption and facilitate an intimate 
contact of the dosage form with the underline absorption surface. Extending 
the residence time of a dosage form at a particular site and controlling the 
release of drug from the dosage form are useful especially for achieving 
controlled plasma level of the drug as well as improving bioavailability. 
Application of these dosage forms to mucosal surfaces may be of benefit to 
drug molecules not amenable to the oral route, such as those that undergo 
acid degradation or extensive first-pass metabolism. The present review 
describes mucoadhesion, mucoadhesive polymers and use of these polymers 
in designing different types of mucoadhesive gastrointestinal, nasal, ocular, 
vaginal and rectal drug delivery systems. The research on mucoadhesives, 
however, is still in its early stage, and further advances need to be made for 
the successful translation of the concept into practical application in 
controlled drug delivery.  

INTRODUCTION: For the systemic delivery of drugs via 
various pharmaceutical product of different dosage 
form, the oral route drug delivery has been known as 
the most widely utilized route of administration among 
all other routes 1.  

Thus, oral controlled dosage forms have been 
developed for the past three decades, due to their 
considerable therapeutic advantages. However, this 
approach has not been suitable for those drugs which 
are absorbed only in a particular portion of 
gastrointestinal tract (GIT) or which are absorbed in 
various segment of the GIT to a different extent. Such 
drugs are characterized by a narrow absorption 
window due to the relatively short transit time of the 
gastrointestinal tract i.e. stomach and small intestine 2. 

Thus, after only a short period of less than 6 h, the CR-
DF has already left the upper gastrointestinal tract and 
the drug is released in nonabsorbing distal segments of 
the gastrointestinal tract. This results in a short 
absorption phase that is often accompanied by lesser 
bioavailability 3. Thus, the concept of mucosal adhesive 
or mucoadhesive was introduced in the early 1980’s, 
into the field of control drug delivery.  

Mucoadhesive drug delivery system are those delivery 
systems which utilizes the assets of bioadhesion of 
certain water –soluble polymer which on hydration 
become adhesive, thus can be used for targeting a 
drug or drug delivery system in particular region of the 
body for the extended period of time, not only for local 
targeting of drug but also for the better control of 
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systemic drug delivery 4. It prolongs the residence time 
of the dosage form at the site of application or 
absorption and facilitates an intimate contact of the 
dosage form with the underline absorption surface and 
thus contributes to improved and/or better 
therapeutic performance of the drug. In recent years 
many such mucoadhesive drug delivery systems have 
been developed for oral, buccal, nasal, gastrointestinal, 
rectal and vaginal routes for both systemic and local 
effects 2.  

Bioadhesion is an interfacial phenomena in which two 
material, at least one of which being of a biological 
nature, are held together for an extended period of 
time by means of interfacial forces. The attachment 
could be between an artificial material and biological 
substrate, such as adhesion between a polymer and a 
biological membrane 5. Adhesion can be defined as the 
bond produced by contact between a pressure 
sensitive adhesive and a surface 6. 

In biological systems, four types of bioadhesion could 
be distinguished; 

1. Adhesion of a normal cell on another normal 
cell. 

2. Adhesion of a cell with a foreign substance. 

3. Adhesion of a normal cell to a pathological cell. 

4. Adhesion of an adhesive to a biological 
substance 6, 7. 

For the purpose of drug delivery, the term bioadhesion 
implies attachment of a drug carrier system to a 
specific biological location. The biological surface can 
be epithelial tissue. The phenomenon is referred to as 
mucoadhesion, if adhesive attachment is to a mucus 
coat. Bioadhesion can be modeled after a bacterial 
attachment to tissue surfaces, and mucoadhesion can 
be modeled after the adherence of mucus on epithelial 
tissue 8. The mucosal layer lines a number of regions of 
the body including the nose, gastrointestinal tract, 
urogenital tract, the airways, the ear and eye. The 
mucoadhesive drug delivery system may include the 
following 7; 

 Gastrointestinal delivery system.  

 Sublingual delivery system. 

 Vaginal delivery system. 

 Nasal delivery system. 

 Ocular delivery system. 

 Rectal delivery system. 

 Buccal delivery system. 

1. Need of Mucoadhesive Drug Delivery System 27: 

 Controlled release. 

 Target & localized drug delivery. 

 By pass first pass metabolism. 

 Avoidance of drug degradation. 

 Prolonged effect. 

 High drug flux through the absorbing tissue. 

 Reduction in fluctuation of steady state plasma 
level. 

2. Advantages of Mucoadhesive Drug Delivery 
Systems 9: 

 A prolonged residence time at the site of drug 
action or absorption. 

 A localization of drug action of the delivery 
system at a given target site. 

 An  increase  in  the  drug  concentration  
gradient  due  to  the  intense  contact  of  
particle with the mucosal.  

 A direct contact with intestinal cells that is the 
first step before particle absorption.  

 Ease of administration. 

 Termination of therapy is easy.{except 
gastrointestinal}     

 Permits localization of drug to the oral cavity 
for a prolonged period of time. 

 Can be administered to unconscious patients. 
{except gastrointestinal}      
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 Offers an excellent route, for the systemic 
delivery of drugs with high first pass 
metabolism, there by offering a greater 
bioavailability.  

 A significant reduction in dose can be achieved 
there by reducing dose related side effects.  

 Drugs  which are  unstable  in  the  acidic 
environment are destroyed by enzymatic or 
alkaline environment of  intestine  can  be  
administered  by  this route. E.g. Buccal 
sublingual, vaginal.  

 Drugs which show poor bioavailability via the 
oral route can be administered conveniently. 

 It offers a passive system of drug absorption 
and does not require any activation. 

 The presence of saliva ensures relatively large 
amount of water for drug dissolution unlike in 
case of rectal and transdermal routes.  

 Systemic absorption is rapid.  

 This route provides an alternative for the 
administration of   various hormones,   narcotic, 
analgesic, steroids, enzymes, cardiovascular 
agents etc.   

 The buccal mucosa is highly perfused with 
blood vessels and offers a greater permeability 
than the skin. 

 Less dosing frequency. 

 Shorter treatment period. 

 Increased safety margin of high potency drugs 
due to better control of plasma levels. 

 Maximum utilization of drug enabling reduction 
in total amount of drug administered. 

 Improved patient convenience and compliance 
due to less frequent drug administration. 

 Reduction in fluctuation in steady state levels 
and therefore better control of disease 
condition and reduced intensity of local or 
systemic side effects.  

3. The Mucus Layer 7, 10: The tissue layer responsible 
for the formation of the adhesive interface is 
mucus.  

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 450 µm in 
humans. It is secreted by the goblet cells lining the 
epithelia or by special exocrine glands with mucus 
cells acini.  

The exact composition of the mucus layer varies 
substantially depending on the species, the 
anatomical location and the pathophysiological 
state. However, it has the following general 
composition. 

TABLE 1: COMPOSITION OF MUCOUS MEMBRANE 
52 

Components Percentage 

Water 95.00% 

Glycoproteins and Lipids 0.5-5.0% 

Mineral salts 0.5-1.0% 
Free Proteins 0.5-1.0% 

 
4. Function of mucus layer 7: The primary functions of 

the mucus layer are:   

 Protective: Resulting particularly from its 
hydrophobicity and protecting the mucosa 
from the diffusion of hydrochloric acid from the 
lumen to the epithelial surface. 

  Barrier: The role mucus layer as barrier in 
tissue absorption of drugs and other substances 
is well known as it influences the bioavailibity 
of the drugs. 

 Adhesion: Mucus has strong cohesional 
properties and firmly binds to the epithelial 
cells surface as continuous gel layer. 

 Lubrication: - An important role of the mucus 
layer is to keep the mucosal membrane moist. 
Continuous secretion of mucus from the goblet 
cells is necessary to compensate for the 
removal of mucus layer due to digestion, 
bacterial degradation and solubilization of 
mucin molecules. 
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A. GLYCOPROTEIN CHAIN 

 
B. GLYCOPROTEIN TETRAMER 

FIG. 1: SCHEMATIC REPRESENTATION OF MUCUS 
3
 

5. Stages of Mucoadhesion: The stages of 
mucoadhesion are generally divided in two steps: 

I. Contact stage  

II. Consolidation stage  

 
FIG. 2: STAGES OF MUCOADHESION

12 

The contact stage (fig. 2) is characterized by the 
contact between the mucoadhesive and the mucous 
membrane, with spreading and swelling of the 
formulation, initiating its deep contact with the mucus 
layer. In some cases, such as for ocular or vaginal 
formulations, the delivery system is mechanically 
attached over the membrane.  

In other cases, the deposition is promoted by the 
aerodynamics of the organ to which the system is 
administered, such as for the nasal route. On the other 
hand, in the gastrointestinal tract direct formulation 
attachment over the mucous membrane is not feasible 

11. 

In the consolidation step (fig. 2), the mucoadhesive 
materials are activated by the presence of moisture. 
Moisture plasticizes the system, allowing the 
mucoadhesive molecules to break free and to link up 
by weak Vander Waals and hydrogen bonds.  
Essentially, there are two theories explaining the 
consolidation step:  

1) Diffusion theory   

2) Dehydration theory 

According to diffusion theory, the mucoadhesive 
molecules and the glycoproteins of the mucus 
mutually interact by means of interpenetration of their 
chains and the building of secondary bonds. For this to 
take place the mucoadhesive device has features 
favoring both chemical and mechanical interactions. 

According to dehydration theory (fig. 3), materials that 
are able to readily gelify in an aqueous environment, 
when placed in contact with the mucus can cause its 
dehydration due to the difference of osmotic pressure. 
The difference in concentration gradient draws the 
water into the formulation until the osmotic balance is 
reached. This process leads to the mixture of 
formulation and mucus and can thus increase contact 
time with the mucous membrane. Therefore, it is the 
water motion that leads to the consolidation of the 
adhesive bond, and not the interpenetration of 
macromolecular chains. However, the dehydration 
theory is not applicable for solid formulation or highly 
hydrated form 12. 

 
FIG. 3: DEHYDRATION THEORY OF MUCOADHESION 

12 



          Sharma et al., IJPSR, 2012; Vol. 3(8): 2455-2471                              ISSN: 0975-8232 

                                           Available online on www.ijpsr.com                                         2459 

6. Mechanism of Mucoadhesion: The mechanisms 
responsible in the formation of bioadhesive bonds 
are not fully known, however most research has 
described bioadhesive bond formation as a three 
step process:- 

Step 1:  Wetting and swelling of polymer 

Step 2: Interpenetration between the polymer chains 
and the mucosal membrane. 

Step 3: Formation of Chemical bonds between the 
entangled chains.  

Step 1: In this step (fig. 4), when the polymer spreads 
over the surface of biological substrate or mucosal 
membrane, the wetting and swelling step occurs in 
order to develop an intimate contact with the 
substrate 11, 13. By the help of the surface tension and 
forces that exist at the site of adsorption or contact, 
bioadhesives are able to adhere to or bond with 
biological tissues. Swellings of polymers occur because 
the components within the polymers have an affinity 
for water 14.  

 
FIG. 4: WETTING AND SWELLING OF POLYMER

9 

Step 2: The surface of mucosal membranes are 
composed of high molecular weight polymers known 
as glycoproteins. In this step (fig. 5) inter-diffusion and 
inter-penetration take place between the chains of 
mucoadhesive polymers and the mucous gel network 
creating a great area of contact 11, 15. The strength of 
this bond depends on the degree of penetration 
between the two polymer groups. In order to form 
strong adhesive bonds, one polymer group must be 

soluble in the other and both polymer types must be of 
similar chemical structure 14, 16. 

Step 3: In this step (fig. 6), entanglement and 
formation of weak chemical bonds as well as 
secondary bonds between the polymer chains mucin 
molecule 11, 14. The types of bonding formed between 
the chains include primary bonds such as covalent 
bonds and weaker secondary interactions such as 
Vander Waals interactions and hydrogen bonds. Both 
primary and secondary bonds are exploited in the 
manufacture of bioadhesive formulations in which 
strong adhesions between polymers are formed 11. 

 
FIG. 5: INTERDIFFUSION AND INTERPENETRATION OF POLYMER 
AND MUCUS 

9 

 

FIG. 6: ENTANGLEMENT OF POLYMER AND MUCUS BY CHEMICAL 
BONDS 

9 
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Theories of Mucoadhesion: 

1. The Wettability Theory: The wettability theory is 
mainly applicable to liquid or low viscosity 
mucoadhesive systems and is essentially a measure 
of the ‘‘spreadability” of the API delivery system 
across the biological substrate. This theory 
postulates that the adhesive component 
penetrates surface irregularities, hardens and 
anchors itself to the surface. The adhesive 
performance of such elastoviscous liquids may be 
defined using wettability and spreadability; critical 
parameters that can be determined from solid 
surface contact angle measurements. This process 
defines the energy required to counter the surface 
tension at the interface between the two materials 
allowing for a good mucoadhesive spreading and 
coverage of the biological substrate 17. 

The wetting theory emphasizes the intimate 
contact between the adhesive and mucus. Thus, a 
wetting surface is controlled by structural 
similarity, degree of cross linking of the adhesive 
polymer, or use of a surfactant. The work of 
adhesion [expressed in terms of surface and 
interfacial tension (Y) being defined as energy per 
cm2 released when an interface is formed. 
According to Dupres equation work of adhesion is 
given by;  

Wa = YA+ Y B– YAB 

Where, A & B refer to the biological membranes and the 
bioadhesive formulation respectively.   

The work of cohesion is given by: 

Wc = 2YA or YB 

For a bioadhesive material B spreading on a biological substrate, 
the spreading coefficient is given by: 

SB/A= YA – (YB +YAB) 

SB/A should be positive for a bioadhesive material to adhere to a 
biological membrane

 18
. 

Mucoadhesive polymer systems that exhibit similar 
structure and functional groupings to the mucus 
layer will show increased miscibility; this in turn 
will result in a greater degree of polymer 
spreadability across the mucosal surface. Lower 
water: polymer contact angles of such systems will 

facilitate hydration of the polymer chains and thus 
promote intimate contact between polymeric 
delivery platform and the mucus substrate. In the 
case of an extremely hydrophilic polymer however, 
the water contact angle will be much lower than 
that of the mucosal surface, thus discouraging such 
an intimate contact due to a high interfacial surface 
free energy 19. 

2. The Electronic Theory: According to this theory 
adhesion occurring by means of electron transfer 
between the mucus and the mucoadhesive system 
arising through differences in their electronic 
structures. The electron transfer between the 
mucus and the mucoadhesive results in the 
formation of a double layer of electrical charges at 
the mucus and mucoadhesive interface. The net 
result of such a process is the formation of 
attractive forces within this double layer 20. 

3. The Adsorption Theory: According to adsorption 
theory, the material adheres after an initial contact 
between two surfaces because of surface forces 
acting between the atoms in two surfaces. Two 
types of chemical bonds resulting from these forces 
are:  

Primary Bonding- It occurs mainly due to 
chemisorptions result in adhesion due to ionic, 
covalent and metallic bonding, which is generally 
undesirable due to their permanency 21.  

Secondary Bonding- It mainly arise due to Vander 
Waals interactions, hydrogen bonds, electrostatic 
attraction, hydrophobic interactions, these 
interactions require less energy to ‘break’  they are 
the most prominent form of surface interaction in 
mucoadhesion processes as they have the 
advantage of being semi-permanent bonds 22. 

4. The Diffusion-Interlocking Theory: This theory (fig. 
7) proposes the time-dependent diffusion of 
mucoadhesive polymer chains into the 
glycoprotein chain network of the mucus layer. 
This is a two-way diffusion process with 
penetration rate being dependent upon the 
diffusion coefficients of both interacting polymers. 
Although there are many factors involved in such 
processes, the fundamental properties that 
significantly influence this inter-movement are 
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molecular weight, cross-linking density, chain 
mobility/flexibility and expansion capacity of both 
networks 18. Furthermore, temperature also has 
been noted as important environmental factor for 
this process 23.  

Whilst it is acknowledged that longer polymer 
chains may diffuse, interpenetrate and ultimately 
entangle to a greater extent with surface mucus, it 
should be recognized that a critical chain length of 
at least 100,000 Da is necessary to obtain 
interpenetration and molecular entanglement. 
Additionally excessive chain cross-linking will act to 
decrease the polymer mobility and thus interfacial 
penetration 24.  

 
FIG. 7: DIFFUSION- INTERLOCKING THEORY 

30 

The diffusion- interlocking theory of adhesion:  

a. Top (polymer) layer and bottom (mucus) layer 
before contact 

b. Top layer and bottom layer immediately after 
contact. 

c. Top layer and bottom layer after contact for a 
period of time. 

5. The Fracture Theory: The fracture theory analyzes 
the force that is required for the separation of two 
surfaces after adhesion. It is considered to be 
appropriate for the calculation of fracture 
strengths of the adhesive bonds involving rigid 
mucoadhesive materials 25 and has frequently been 
applied to the analysis of tensile strength 
measurements on, for example, microspheres and 
powder specimens 26. The maximum tensile 
strength produced during detachment can be 
determined by dividing the maximum force of 
detachment (F) by the total surface area (A) 
involved in the adhesion interactions. The equation 
can be written as:   

Sm = Fm/ Am 

These general theories are not particularly useful in 
establishing a mechanistic base to bioadhesives, but 
they do identify the variables that are important to the 
bioadhesion process 18.  

 
FIG. 8: THE FRACTURE THEORY

12 

TABLE 2: DIFFERENT THEORIES EXPLAINING THE MECHANISM OF MUCOADHESION 
59 

Theory Mechanism of Mucoadhesion Comments 

Wetting Theory 
Ability of bioadhesive material to spread and develop 

intimate contact with the mucus membranes. 

Spreading coefficient of polymer must be positive and 
contact angle between the polymer and the cells must be 

near to zero. 

Electronic Theory 
Attractive electrostatic forces between glycoproteins 

mucin network and the bioadhesive material. 
Electron transfer occurs between the two forming a double 

layer of electrical charge at the interface. 

Adsorption 
Theory 

Surface forces resulting in the semi-permanent 
physical/ chemical bonding. 

Strong primary forces: covalent bonds 
Weak secondary forces: ionic bonds, hydrogen bonds and 

Vander Waals forces 

Diffusion Theory 
Physical entanglement of mucin strands at the flexible 
polymer chain and interpenetration of mucin strands 
into the porous structure of the polymer substrate. 

For maximum diffusion and the best bioadhesive strength: 
solubility parameters of the bioadhesive material and the 

mucus glycoproteins must be similar. 

Fracture Theory 
Analyses the maximum tensile strength developed 

during detachment of bioadhesive drug delivery 
systems from the mucosal surface. 

Does not require the physical entanglement of the 
bioadhesive polymer chains and mucin strands, hence 

appropriate to study the bioadhesion of hard polymers which 
lacks the flexible chains. 
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Mucoadhesive Polymers: Mucoadhesive polymers are 
water-soluble and water-insoluble polymers, which are 
swellable networks, jointed by cross-linking agents. 
These polymers possess optimal polarity to make sure 
that they permit sufficient wetting by the mucus and 
optimal fluidity that permits the mutual adsorption 
and interpenetration of polymer and mucus to take 
place.   

Mucoadhesive polymers that adhere to the mucin-
epithelial surface can be conveniently divided into 
three broad classes: 

 Polymers that become sticky when placed in 
water and owe their mucoadhesion to 
stickiness. 

 Polymers that adhere through nonspecific, 
noncovalent interactions that is primarily 
electrostatic in nature (although hydrogen and 
hydrophobic bonding may be significant). 

 Polymers that bind to specific receptor site on 
tile self surface. 

All three polymer types can be used for drug delivery 

28. 

Ideal Muco Polymer Characteristics: A mucoadhesion 
promoting agent or the polymer is added to the 
formulation which helps to promote the adhering of 
the active pharmaceutical ingredient to the mucosa. 
The agent can have such additional properties like 
swelling so as to promote the disintegration when in 
contact with the saliva.  As  understood  earlier,  that  
various  physical  and  chemical  exchanges  can  affect  
the  polymer/mucus adhesion, so as polymer should be 
carefully selected with the following  properties in 
mind 29. 

1. Polymer must have a high molecular weight up to 
100.00  or  more  this  is  necessary  to  promote  
the  adhesiveness  between the polymer and 
mucus 29.  

2. Long chain polymers-chain length must be long 
enough to promote the interpenetration and it 
should not be too long that diffusion becomes a 
problem 30. 

3. High viscosity.  

4. Degree  of  cross  linking-  it  influences  chain  
mobility  and resistance  to  dissolution. Highly  
cross  linked  polymers swell  in  presence  of  
water  and  retain  their  structure. Swelling 
favors controlled release of the drug and 
increases the polymer/mucus interpenetration. 
But as the cross linking increases, the chain 
mobility decreases which reduces the 
mucoadhesive strength 30. 

5. Spatial conformation.  

6. Flexibility  of  polymer  chain-  this  promotes  the  
interpenetration  of  the  polymer  within  the 
mucus  network 31. 

7. Concentration  of  the  polymer-  an  optimum  
concentration  is  required  to  promote  the  
mucoadhesive  strength.  It depends however, on 
the dosage form. For solid dosage form the 
adhesive strength increases with increase in the 
polymer concentration.  But in case of  semi  solid  
dosage  forms  an  optimum  concentration  
essential  beyond  which the adhesive strength 
decreases 32. 

8. Optimum hydration- excessive hydration leads to 
decreased mucoadhesive strength due to 
formation of a slippery mucilage 33, 34, 35. 

9. Optimum  pH  –  mucoadhesion  is  optimum  at  
low  pH conditions  but  at  higher  pH  values  a  
change  in  the conformation occurs into a rod 
like structure making them more  available  for  
interdiffusion  and interpenetration 36 . At  very  
elevated  pH  values, positively  charged  
polymers  like  chitosan  form polyelectrolyte  
complexes  with  mucus  and  exhibit  strong 
mucoadhesive forces 18 . 

10. High applied strength and initial contact time  

11. It should non toxic, economic, biocompatible 
preferably biodegradable 37. 

1. Classification of Mucoadhesive Polymer: The 
rheology of the mucoadhesion is a typical topic and 
it deals with a number of forces, factors  of  the  
components,  state  of  the  material,  its  derived  
properties.  Based on the rheological aspects, we 
can categorize the mucoadhesive polymers into 
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two broad categories, materials which undergo 
matrix formation or hydrogel formation by either a 
water swellable material or a water soluble 
material. These carriers generally polymers are 
classified as; 

a. Hydrophilic polymers 

b. Hydrogels 

a. Hydrophilic Polymers: The polymers within this 
category are soluble in water. Matrices developed 
with these polymers swell when put into an 
aqueous media with subsequent dissolution of the 
matrix. The polyelectrolytes extend greater 
mucoadhesive property when compared with 
neutral polymers 24. Anionic polyelectrolytes, e.g. 
poly (acrylic acid) and carboxymethyl cellulose, 
have been extensively used for designing 
mucoadhesive delivery systems due to their ability 
to exhibit strong hydrogen bonding with the mucin 
present in the mucosal layer 38, 39.  

Chitosan provides an excellent example of cationic 
polyelectrolyte, which has been extensively used 
for developing mucoadhesive polymer due to its 
good biocompatibility and biodegradable 
properties 40. Chitosan undergoes electrostatic 
interactions with the negatively charged mucin 
chains thereby exhibiting mucoadhesive property 
24. The ionic polymers may be used to develop ionic 
complex with the counter-ionic drug molecules so 
as to have a drug delivery matrix exhibiting 
mucoadhesive property.  In a recent study, partially 
neutralized poly (acrylic acid) complex was 
developed in the presence of levobetaxolol 
hydrochloride, a potent cardiac β-blocker.  

The delivery system was prone to dissolution as the 
time progressed due to the release of the 
incorporated drug 41. Mucoadhesive microcapsules 
can be designed with same principle by using 
orifice-ionic gelation method. This technique has 
been used to design a delivery system of gliclazide, 
an anti-diabetic drug, using sodium alginate, 
sodium carboxymethyl cellulose, carbopol 934P 
and hydroxy propylmethyl cellulose. The delivery 
system showed the release of gliclazide for an 
extended period of time due to its mucoadhesive 
properties 42. The hydrophilic polymers form 

viscous solutions when dissolved in water and 
hence may also be used as viscosity 
modifying/enhancing agents in the development of 
liquid ocular delivery systems so as to increase the 
bioavailability of the active agents by reducing the 
drainage of the administered formulations 24, 43.  

These polymers may be directly compressed in the 
presence of drugs so as to have a mucoadhesive 
delivery system 44. Numerous polysaccharides and 
its derivatives like chitosan, methyl cellulose, 
hyaluronic acid, hydroxypropyl methylcellulose, 
hydroxypropyl cellulose, xanthan gum, gellan gum, 
guar gum, and carrageenan have found 
applications in ocular mucoadhesive delivery 
systems 24. Cellulose and its derivates have been 
reported to have surface active property in 
addition to its film forming capability 40, 45.   

Cellulose derivatives with lower surface acting 
property are generally preferred in ocular delivery 
systems as they cause reduced eye irritation. Of 
the various cellulose derivates, sodium 
carboxymethyl cellulose has been found to have 
excellent ocular mucoadhesive property.  Cationic 
cellulose derivatives (e.g. cationic hydroxyethyl 
celluloses) have been used in conjunction with 
various anionic polymers for the development of 
sustained delivery systems 24, 46. 

b. Hydrogels: Hydrogels can be defined as three-
dimensionally crosslinked polymer chains which 
have the ability to hold water within its porous 
structure. The water holding capacity of the 
hydrogels is mainly due to the presence of 
hydrophilic functional groups like hydroxyl, amino 
and carboxyl groups. In general, with the increase 
in the crosslinking density there is an associated 
decrease in the mucoadhesion. Thielmann et al., 
reported the thermal crosslinking of poly (acrylic 
acid) and methyl cellulose. They reported that with 
the increase in the crosslinking density, there was a 
reduction in the solubility parameters and swelling 
which resulted in a reduction of mucoadhesion 47. 
Hydrogels prepared by the condensation reaction 
of poly (acrylic acid) and sucrose indicated an 
increase in the mucoadhesive property with the 
increase in the crosslinking density and was 
attributed to increase in the poly (acrylic acid) 
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chain density per unit area 48. Acrylates have been 
used to develop mucoadhesive delivery systems 
which have the ability to deliver peptide bioactive 
agents to the upper small intestine region without 
any change in the bioactivity of the peptides. In a 
typical experimentation, Wood and Peppas 
developed a system in which ethylene glycol chains 
were grafted on methacrylic acid hydrogels and 
were subsequently functionalized with wheat germ 
agglutinin.   

Wheat germ agglutinin helped in improving the 
intestinal residence time of the delivery system by 
binding with the specific carbohydrate moieties 
present in the intestinal mucosa 49. In addition to 
the drug targeting, mucoadhesive hydrogel based 
formulations for improving the bioavailability of 
the poorly water soluble drug. Muller and Jacobs 
prepared a nanosuspension of buparvaquone, a 
poorly water soluble drug, by incorporating it 
within carbopol and chitosan based hydrogels.  The 
mucoadhesive delivery systems showed improved 
bioavailability of the drug when compared over the 
nanosuspension. This was attributed to the 
increased retention time of the delivery system 
within the gastrointestinal tract 50.   

Newer Second Generation Polymers 51: They have the 
following advantages: 

 More site specific hence called cytoadhesives. 

 Are least effected by mucus turnover rates. 

 Site specific drug delivery is possible. 

a) Lectins- mediated Bioadhesive Polymers: Specific 
proteins or glycoproteins, such as lectins, which are 
able to bind certain sugars on the cell membrane, 
can increase bioadhesion and potentially improve 
drug delivery via specific binding and increase the 
residence time of the dosage form. This type of 

bioadhesion should be more appropriately termed 
as cytoadhesion. A site-specific interaction with the 
receptor could potentially trigger intercellular 
signaling for internalization of the drug or the 
carrier system (endocytosis through cytoadhesion) 
into the lysosomes or into other cellular 
compartments, such as the nucleus (Figure 8). The 
recent idea of developing blectinomimetics (lectin-
like molecules) based on lectins, and even 
biotechnologically generated derivatives of such 
molecules, holds an interesting future for this class 
of bioadhesion molecules 52. 

 
FIG. 9: LECTIN MEDIATED BIOADHESIVE SYSTEM 
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b) Thiolated Mucoadhesive Polymers: These  are  
thiomers  which  are  derived  from  hydrophilic 
polymers  such  as  polyacrylates,  chitosan  or  
deacetylated gallan gum. The presence of the thiol 
group increases the residence  time  by  promoting  
covalent  bonds  with  the cystiene  residues  in  
mucus.  The  disulphide  bonds  may  also alter  the  
mechanism  of  drug  release  from  the  delivery 
system  due  to  increased  rigidity  and  cross  
linking 53. Improved mucoadhesive properties of 
the thiolated polymers: 

 Improved tensile strength, 

 High cohesive properties, 

 Rapid swelling and water uptake behavior have 
made them an attractive new generation of 
bioadhesive polymers. 

TABLE 3: DIFFERENT TYPE OF THIOMERS AND THE EFFECT ON MEASURED MUCOADHESION 
54

  

Polymer Mucoadhesive bond strength 

Chitosan- iminothiolane 250- fold improved mucoadhesive properties 
Poly(acrylic acid)-cysteine 100- fold improved  mucoadhesive properties 

Poly(acrylic acid)-homocysteine Approximately 20- fold improved mucoadhesive properties 

Chitosan-thioglycolic acid Ten fold improved  mucoadhesive properties 
Chitosan-thioethtlamidine Nine fold improved  mucoadhesive properties 

Alginate -cysteine Four fold improved  mucoadhesive properties 
Poly(methacrylic acid )-cysteine Improved cohesive and mucoadhesive properties 

Sodium carboxymethyllcellulose-cysteine Improved mucoadhesive properties 
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c) Polyox WSRA: Class  of  high  molecular  weight  
polyethylene  molecular  weight  polyethylene  
oxide. Homopolymers having the following 
properties 55,  

 Water soluble  

 Hydrophilic nature  

 High molecular weight  

 Functional group for hydrogen bonding  

 Biocompatible and non toxic  

 Can be formulated into tablets, films, gels, 
microcapsules, syrups. 

d) Bacterial Adhesion: The adhesive properties of 
bacterial cells, as a more complicated adhesion 
system, have recently been investigated. The ability 
of bacteria to adhere to a specific target is rooted 
from particular cell-surface components or 
appendages, known as fimbriae that facilitate 
adhesion to other cells or inanimate surfaces. 
These are extracellular, long thread like protein 
polymers of bacteria that play a major role in many 
diseases.  

Bacterial fimbriae adhere to the binding moiety of 
specific receptors. A significant correlation has 
been found between the presence of fimbriae on 
the surface of bacteria and their pathogenicity. The 
attractiveness of this approach lies in the potential 
increase in the residence time of the drug on the 
mucus and its receptor-specific interaction, similar 
to those of the plant lectins. Bernkop-Schnurch et 
al., covalently attached a fimbrial protein (antigen 
K99 from E. coli) to poly (acrylic acid) polymer and 
substantially improved the adhesion of the drug 
delivery system to the GI epithelium using a system 
as depicted 56. 

 
FIG. 10: BACTERIAL ADHESION -A DIAGRAM OF COVALENTLY 
ATTACHED FIMBRIAL PROTEIN (K99 FROM E. COLI) TOPOLY 
(ACRYLIC ACID) AS A CARRIER SYSTEM 

91 

Factors Affecting Mucoadhesion: 

1. Polymer-Related Factors:  

a. Molecular Weight of the Polymer: The optimum 
molecular weight for maximum mucoadhesion 
depends upon the type of mucoadhesive polymer 
and tissue. With the increase in the molecular 
weight (MW) of the polymer chain there is an 
increase in the mucoadhesiveness of a polymer. In 
general, polymers having MW ≥ 100,000 have been 
found to have adequate mucoadhesive property 
for biomedical applications. For example, 
polyethylene  glycol  (PEG),  with  a  molecular  
weight  of  20,000,  has  little  adhesive character,  
whereas  PEG  with  200,000  molecular weight  has  
enhanced,  and  a  PEG  with  400,000  has superior  
adhesive  properties 57, 58. Interpretation is more 
critical for lower molecular weight polymers to be 
an excellent bioadhesive, whereas Entanglement is 
important for higher molecular weight polymers 59. 

b. Concentration of Active Polymers: There is an 
optimum concentration of polymer corresponding 
to the best bioadhesion. In extremely concentrated 
systems, beyond the optimum level, the adhesive 
strength drops significantly because the coiled 
molecules become separated from the medium so 
that the chains available for interpenetration 
become limited 3. It affects the availability of long 
polymer chains for penetration into the mucus 
layer. Thus it is important mainly for liquid and 
viscous drug delivery system 11. 

c. Flexibility of Polymer Chains: It is critical for 
interpenetration and entanglement.  Mobility of 
individual polymer chains decrease as water-
soluble  polymers  become crosslinked  and  thus  
the valuable length of the chain that can penetrate 
into the mucus layer  decreases,  which  reduces  
mucoadhesive strength 60. 

d. Spatial Conformation: Despite a high molecular 
weight of 19,500,000 for dextrans, spatial 
conformation of a molecule is also important.  They 
have adhesive strength similar to that of 
polyethylene glycol, which has a molecular weight 
of 200,000. The helical conformation of electrons 
may shield many adhesively active groups, 
primarily responsible for adhesion unlike PEG 
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polymers that have a linear conformation. Also the 
effect of polymer concentration is dependable on 
the physical state (solid / liquid) of the bioadhesive 
drug delivery systems; more is the polymer 
concentration results the higher bioadhesive 
strength in Solid BDDS while an optimum 
concentration is required for best bioadhesion in 
liquids 61. 

e. Swelling (Hydration): Swelling characteristics are 
related to the mucoadhesive itself and its 
environment. Swelling depends on the polymer 
concentration, the ionic strength, and the presence 
of water. During the dynamic process of 
bioadhesion, maximum bioadhesion in vitro occurs 
with optimum water content. Over hydration 
results in the formation of a wet slippery mucilage 
without adhesion 3. 

2. Environment Related Factors:  

a. Applied Strength: To place a solid bioadhesive 
system, it is necessary to apply a defined strength. 
The adhesive strength increases with the applied 
strength or with the density of its application up to 
an optimum. The pressure initially applied to the 
mucoadhesive tissue contact site can affect the 
depth of interpenetration. If high pressure is 
applied for a satisfactory longer period of time 
polymers become mucoadhesive even though they 
do not have attractive interaction with mucin 28, 62. 

b. pH at Polymer Substrate Interface: pH can 
influence the formal charge on the surface of the 
mucus as well as certain ionizable mucoadhesive 
polymers 57. Mucus will have a different charge 
density depending on pH due to the difference in 
dissociation of functional groups on the 
carbohydrate moiety and the amino acids of the 
polypeptide backbone 3, 63.  

Some studies had shown that the pH of the 
medium is important for the degree of hydration of 
cross-linked polycyclic acid, showing consistently 
increased hydration from pH 4 through pH 7, and 
then a decrease as alkalinity or ionic strength 
increases, for example polycarbophil does not 
show a strong mucoadhesive property above pH 5 
because uncharged, rather than ionized, carboxyl 
group reacts with mucin molecule, presumably 

through numerous hydrogen bonds. However, at 
higher pH, the chain is fully extended due to 
electrostatic repulsion of the carboxylate anions 3, 

57, 28, 64. 

c. Initial Contact Time: Contact time between the 
mucoadhesive and mucus layer determines the 
extent of swelling and interpenetration of the 
mucoadhesive polymer chains. More 
mucoadhesive strength increases as the initial 
contact time increases 60. 

3. Physiological Variables: 

a. Mucin Turnover: The natural turnover of mucin 
molecules from the mucus layer is important for at 
least two reasons. First, the mucin turnover is 
expected to limit the residence time of the 
mucoadhesive on the mucus layer. No matter how 
high the mucoadhesive strength is. Mucoadhesives 
are detached from the surface due to mucin 
turnover. The turnover rate may be different in the 
presence of mucoadhesive.  

Second, mucin turnover results in substantial 
amount of soluble mucin molecules. These 
molecules interact with mucoadhesives before 
they have a chance to interact with mucus layer 65, 

66, 67. Mucin turnover may depend on the other 
factors such as presence of blood. Lehr et al. (1991) 
calculated mucin turnover time of 47-270 minutes 
65. The ciliated cells in the nasal cavity are known to 
transport the mucus to the throat at a rate of 
5mm/min. the mucociliary clearance in the 
tracheal region has been found to be in the range 
of 4-10mm/min 28, 63, 66, 67. 

b. Disease States:  Physicochemical properties of 
mucus are known to change during diseased states, 
such as common cold, gastric ulcers, ulcerative 
colitis, cystic fibrosis, bacterial and fungal 
infections  of  the  female  reproductive  tract  and  
inflammatory  conditions  of  the  eye. The exact 
structural changes taking place in mucus under 
these conditions are not clearly understood. If 
mucoadhesives are to be used in the diseased 
state, the mucoadhesive property needs to be 
evaluated under it 68, 69, 70. 
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Potential sites for Mucosal Drug Delivery: The primary 
objectives of mucoadhesive dosage forms are to 
provide intimate contact of the dosage form with the 
absorbing surface and to increase the residence time 
of the dosage form at the absorbing surface to prolong 
drug action 71.The use of mucoadhesive formulations 
has been widely exploited for their targeted and 
controlled release delivery to many mucosal 
membrane-based organelles. Such formulations may 
deliver API for local or systemic effect, while 
bioavailability limiting effects such as enzymatic or 
hepatic degradation can be avoided or minimized 72. 
The mucosa lines a number of regions of the body 
including the gastrointestinal tract, the urogenital 
tract, the airways, the ear, nose, and eye. These 
represent potential sites for attachment of any 
mucoadhesive system 71. 

1. Gastrointestinal Drug Delivery System: 
Mucoadhesive  polymers  may  offer  increased  
intimacy with  the  lining  of  the  GI  tract  and  
hence  bioavailability. Furthermore,  ‘‘absorption  
windows”  within  the  GI  tract such  as  those 
making  up  the gastro-associated lymphatic tissue  
may  be  targeted  allowing  for  the  absorption  of  
larger  poorly  soluble  therapeutic  agents 73.  

Therefore, a primary objective of using 
mucoadhesive systems orally would be achieved by 
obtaining a substantial increase in residence time 
of the drug for local drug effect and to permit 
once-daily dosing. A number of mucoadhesive-
based dosage forms, including sustained-release 
tablets, semisolid forms, powders, and micro- 
and/or nanoparticles in the GI tract, have been 
widely studied. Nonetheless, successful systems 
that will be retained in the GI tract of humans for a 
desirable time have not yet been developed 74, 66.  

Matharu and Sanghavi used carbopol 934P and 
poly (acrylic acid) cross-linked with 0.001% 
ethylene glycol to prepare mucoadhesive tablets 
for captopril 75. Second-generation vehicles are 
now receiving increased attention. A thiolated 
chitosan tablet has recently been reported for the 
oral delivery of insulin. Further advances in this 
field have included the attachment of second-
generation mucoadhesives to the surface of 
microspheres 76. 

2. Buccal Drug Delivery System: The buccal cavity 
offers many advantages for drug delivery 
application, the most pertinent being high 
accessibility and low enzymatic activity. 
Additionally, buccal drug delivery can be promptly 
terminated in cases of toxicity through the removal 
of dosage form thereby offering a safe and easy 
method of drug utilization 77.  

First-generation  mucoadhesives,  such  as  sodium  
carboxy methylcellulose, hydroxypropylcellulose 
examined for the  treatment  of  periodontal  
disease  and  the  controlled delivery  of  
macromolecular  therapeutic  agents,  such  as 
peptides,  proteins  and  polysaccharides 78. 
Although gel and ointments are the most patient 
convenient; tablets, patches and films have also 
been examined. Drug delivery to accessible 
cutaneous sites such as the buccal cavity is often 
associated with high patient compliance, low levels 
of irritation and offers significant ease of 
administration. Other less reported advantages 
include rapid onset of action due to a highly 
vascularised buccal mucosa and avoidance of 
hepatic first-pass metabolism 79. 

3. Nasal Drug Delivery System: Nasal delivery has 
been obtained using solutions, powders, gels and 
microparticles. The nasal epitheliums have 
relatively high permeability, two cell layers 
separating the nasal lumen from the dense 
vasculature within the lamina propria. The most 
commonly employed intranasal APIs are solutions 
containing sympathomimetic vasoconstrictors for 
immediate relief of nasal congestion. Local delivery 
of these alpha adrenergic stimulators is of 
particular benefit to patients with high blood 
pressure (or those at heightened risk of 
cardiovascular incident), as vasoconstriction will 
occur to the greatest degree within the nose. In  
addition  to  local  effects,  intranasal  route  of  
drug administration  has  also  been  used  to  
achieve  a  distal systemic effect 80. 

One of the key advantages provided by intranasal 
drug delivery is that the nasal cavity provides a 
large highly vascularised surface area through 
which first pass metabolism can be avoided, as 
blood is drained directly from the nose into the 
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systemic circulation 81. Polymeric components such 
as hydroxylpropylcellulose,  chitosan,  carbomer,  
NaCMC,  hyaluronic acid  and  polyacrylic  acid  
have  all  shown  promise  as mucoadhesive  agents  
for  use  in  controlled  drug  delivery to  pulmonary  
and  nasal  sites.  Such  polymeric  delivery 
platforms  may  be  used  either  alone  or  as  
synergistic combination  systems 82. One of the 
most interesting areas of research within this field 
has been the use of intranasal drug delivery for the 
induction of antibody responses in serum, as well 
as local and distal mucosal secretions, due to 
absorption through the nasal-associated lymphoid 
tissue (NALT) 83. 

4. Ocular Drug Delivery System: The delivery of 
therapeutic agents to the eye may be achieved 
using various types of dosage forms including liquid 
drops, gels, ointments and solid ocular inserts 
(both degradable and non-degradable) 79, 84. 
Another interesting delivery system is in situ gelling 
polymer that undergoes a phase transition after 
application. Pre-application these systems  are  in  
the  liquid  state  and  are  easily administered, 
whereas post-application they are transformed  in  
highly  viscous  networks. 

Mucoadhesive polymers would  be  expected  only  
to  attach  to conjunctival  mucus  in  vivo,  but  
migration  may  result  in causing  deposition  of  
semisolid  within  the  corneal  area, bringing with 
it a detrimental effect on visual acuity 86. 
Additionally limited bio-availability has been 
experienced in vivo for carbomer and polycarbophil 
as a result of the high swelling capacity of such 
polymers in the neutral pH environment of the eye. 
Maintenance of a low viscosity in such systems 
through pH regulation in the range 4–5 is not 
acceptable as it may result in patient unease and 
mild lacrimation, both of which will have an effect 
on treatment success 87. 

5. Vaginal Drug Delivery System: Recently, vaginal 
mucoadhesive preparations have been developed 
as a new type of controlled release form for the 
treatment of both topical and systemic diseases. 
For drugs that are susceptible to gut or hepatic 
metabolism or which cause GI side effects, vaginal 
delivery may offer a number of advantages over 

the other routes of administration. The greatest 
advantage of such dosage forms is the possibility of 
maintaining them in the vagina for extended 
periods of time including daytime and nighttime, 
thereby enabling lower dosing frequencies. The 
vagina is a fibromuscular tube connecting the 
uterus to the exterior of the body. The surface area 
of the vagina is increased by numerous folds in the 
epithelium and by microridges covering the 
epithelial cell surface.  

Typical bioadhesive polymers that have been in 
vaginal formulations include polycarbophil, 
hydroxypropylcellulose and polyacrylic acid. In 
general, traditional vaginal dosage forms include 
solutions, suspensions, gels, microparticles, 
suppositories, creams, foams, and tablets and all 
have a relatively short contact time. Robinson et al. 
reported on a system of treatment using a gel 
containing the mucoadhesive polycarbophil that 
remained on vaginal tissue for 3-4 days and hence 
served as a platform for delivery of drug such as 
progesterone 71. 

6. Rectal Drug Delivery System: It is another way to 
deliver the drug by using mucoadhesive polymers is 
through the mucous membrane of the rectum. 
Hydrogels administered rectally have proven to be 
useful for drug delivery 71. Leede et al., proposed 
that hydrogels using hydroxy ethyl methacrylate 
cross-linked with ethylene glycol dimethacrylate 
and including antipyrine and theophyiline as model 
drugs provided rate-controlled drug delivery 88. 

Techniques to evaluate Mucoadhesion 89: 

1. In vitro methods: 

 Tensile strength measurement.  

 Shear strength measurement.  

 Modified physical balance.  

 Detachment force method.  

 Microbalance method.  

 Ex-vivo mucoadhesion.  

 Falling film method.  
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 Swelling index.  

 Wash off method.  

 Colloidal gold staining. 

 Adhesion number.  

 Viscometric method.  

 Everted sac technique.  

 Drug permeation.  

 Fluorescent probe method.   

 Mucoadhesion time.  

 Surface pH study.  

 Scanning Electron microscopy. (SEM)  

 Novel Rheological Approach.  

 Texture analyzer. 

2. In vivo methods:             

 Use of radioisotopes.   

 Use of gamma scintigraphy.  

 X-ray studies   

 In vivo evaluation of mucoadhesive studies  

 Isolated loop technique.  

3. In vitro as well as in vivo method:  

 Biacore (Surface Plasmon Resonance)    

CONCLUSION: Mucoadhesive drug delivery systems 
have a high potential of being useful means of 
delivering drugs to the body, perhaps particularly for 
topical or local  administration  where  the  mechanical 
trauma  experienced  by  the  dosage  form  may  be  
minimized.  

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. Current use of mucoadhesive 
polymers to increase contact time for a wide variety of 

drugs and routes of administration has shown dramatic 
improvement in both specific therapies and more 
general patient compliance.  Mucoadhesive polymers 
may provide an important tool to improve the 
bioavailability of the active agent by improving the 
residence time at the delivery site. 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 great influx of new molecules stemming from 
drug research, mucoadhesive systems may play an 
increasing role in the development of new 
pharmaceuticals. The mucoadhesive drug delivery 
system will continue to appeal to both pharmaceutical 
researchers and the pharmaceutical industry. 
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