
Corresponding Author: Harvinder Kaur Saini
India                               

                                                           Int. J. Pharm. Med. Res. 

    International Journal of 

Review Article 
Pioneering and Encouraging Approach 

Harvinder Kaur Saini*, Ujjwal Nautiyal 

Himachal Institute of Pharmacy, Paonta Sahib, Himachal Pradesh, Sirmour

 
1. Introduction  

Throughout the animal kingdom, various species 
mucous secretion in their adaptation to environments. In the 
earthworm, for example, mucus provides a permeable barrier 
allowing the passage of oxygen and carbon dioxide, yet 
protecting against the influx of other chemicals in the soil
Hence forth Mucus is considered as a dynamic semi 
permeable barrier that enables the exchange of nutrients, 
water, gases, odorants, hormones, and gametes while being 
impermeant to most bacteria and many pathogens
presence of a mucous layer provides a unique opportunity for 
sustained or prolonged drug delivery via the development of 
mucoadhesive dosage forms[2–4]. 

This novel approach has been explored to provide prolonged 
drug delivery via the ophthalmic, buccal, gastrointestinal, 
vaginal and nasal routes[1].The use of bioadhe
recently gained considerableattention in the area of soft tissue 
based mucosal delivery, and several formulations are now 
commercially available or under development. Such systems 
dramatically increase dosage form residence time, as well as 
improve intimacy of contact with the tissue, thereby 
localizing the drug in a specific region. Bioadhesion, 
therefore, has the potential to maintain the dosage form for a 
clearly defined time on the oral mucosa. 
 
Adhesion can be defined as the bond produced by 
between a pressure sensitive adhesive and a surface
Bioadhesion may be defined as the state in which two 
materials, at least one of which is biological in
held together for extended periods of time by interfacial 
forces, which may consist of valence forces, interlocking 
action or both. In the pharmaceutical sciences, when the 
adhesive attachment is to mucus or amucous membrane, the 
phenomenon is referred to as mucoadhesion[
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Throughout the animal kingdom, various species have used 
secretion in their adaptation to environments. In the 

earthworm, for example, mucus provides a permeable barrier 
allowing the passage of oxygen and carbon dioxide, yet 
protecting against the influx of other chemicals in the soil[1]. 

a dynamic semi 
permeable barrier that enables the exchange of nutrients, 
water, gases, odorants, hormones, and gametes while being 
impermeant to most bacteria and many pathogens.The 
presence of a mucous layer provides a unique opportunity for 
ustained or prolonged drug delivery via the development of 

This novel approach has been explored to provide prolonged 
drug delivery via the ophthalmic, buccal, gastrointestinal, 

.The use of bioadhesives has 
attention in the area of soft tissue 

based mucosal delivery, and several formulations are now 
commercially available or under development. Such systems 
dramatically increase dosage form residence time, as well as 

ve intimacy of contact with the tissue, thereby 
localizing the drug in a specific region. Bioadhesion, 
therefore, has the potential to maintain the dosage form for a 

Adhesion can be defined as the bond produced by contact 
between a pressure sensitive adhesive and a surface. 
Bioadhesion may be defined as the state in which two 
materials, at least one of which is biological in nature, are 
held together for extended periods of time by interfacial 

ist of valence forces, interlocking 
. In the pharmaceutical sciences, when the 

adhesive attachment is to mucus or amucous membrane, the 
[5,6].  

 
 
Mucoadhesion should not be confused with bioadhesion
in bioadhesion, the polymer is attached to the biological 
membrane and if the substrate is mucus membrane the term 
mucoadhesion is used. 
 
Organs exposed to the external environment (e.g., the eyes, 
GI tract, respiratory tract, urinary bladder, 
gall bladder and the reproductive tracts) protect their 
epithelia by production of a mucous layer
materials could also be used as therapeutic agents in their 
own right, to coat or act as a blanket to 

tissues (gastric ulcers or lesions of the oral mucosa) or to act 
as lubricating agents (in the oral cavity, eye and vagina)

1.1 Advantages of mucoadhesive drug delivery system
15] 

Mucoadhesive delivery systems offer several advantages 
over other oral controlled release systems by virtue of 
prolongation of residence time of drug in gastrointestinal 
tract (GIT). 

• Improved patient compliance
administration 

• Targeting and localization of the dosage form at a 
specific site, Rapid onset of action

• Also, the mucoadhesive systems are known to provide 
intimate contact between
absorptive mucosa, resulting in high drug flux at the 
absorbing tissue and 

performance of drug. 
• Avoid of first pass metabolism.
• The residence time of dosage form at the site of 

absorption is prolong, hence increases the 
bioavailability. 
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Mucoadhesive Drug Delivery System 

ucoadhesion should not be confused with bioadhesion as  
in bioadhesion, the polymer is attached to the biological 
membrane and if the substrate is mucus membrane the term 

Organs exposed to the external environment (e.g., the eyes, 
GI tract, respiratory tract, urinary bladder, pancreatic tract, 
gall bladder and the reproductive tracts) protect their 
epithelia by production of a mucous layer. Mucoadhesives 
materials could also be used as therapeutic agents in their 

or act as a blanket to  protect damaged 
s (gastric ulcers or lesions of the oral mucosa) or to act 

as lubricating agents (in the oral cavity, eye and vagina)[1,8]. 

1.1 Advantages of mucoadhesive drug delivery system[9-

Mucoadhesive delivery systems offer several advantages 
controlled release systems by virtue of 

prolongation of residence time of drug in gastrointestinal 

Improved patient compliance- ease of drug 

Targeting and localization of the dosage form at a 
Rapid onset of action. 

Also, the mucoadhesive systems are known to provide 
intimate contact between dosage form and the 

mucosa, resulting in high drug flux at the 
and improve the therapeutic 

void of first pass metabolism. 
residence time of dosage form at the site of 

absorption is prolong, hence increases the 

A Propitious Novel Drug delivery method, Mucoadhesive drug delivery system 
considerably increase dosage form residence time, furthermore augmenting the affinity with 

a specific region. Mucoadhesive materials are used as 
therapeutic agents nevertheless act security blanket to damaged tissues (such as gastric 
ulcers or lesions of the oral mucosa) or act as lubricating agents (in the oral cavity, eye 

plify the mechanism by which mucoadhesion can adhere to a mucous 
membrane with respect to the nature of the adhering surfaces and the forcing to generate a 
intimacy between them.  Mucosal adhesion is suffixed with various theories comprising of 

adsorption, wetting, diffusion, fracture and mechanical. Stages of mucoadhesion 
include contact stage and consolidation stage. Physiology of mucous membrane, Factors 
affecting mucoadhesion and Chemical bonds of mucosa interaction, ionic bonds, covalent 
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• Painless administration. 
• Rapid absorption because of enormous blood 

supply. 

1.2  Disadvantages of mucoadhesive drug delivery  
system[9-15] 

 
• The dissolution of drug due to continuous secretion of 

saliva (0.5-2 l/day) 
• Prolonged contact of the drug possessing ulcerogenic 

property. 
• For the in vitro screening of drugs the oral mucosal 

delivery is lack of good model. This is the major 
drawback of this drug delivery. 

• Patient acceptability in terms to taste, irritancy and 
mouth feel is to be checked. 

• Also has smaller surface area. 
• costly drug delivery system 

1.3 Physiology of mucous membrane 

Mucus membranes (mucosae) [Figure 1] are the moist 
surfaces lining the walls of various body cavities such as the 
gastrointestinal, mouth, nose, and respiratory tracts. They 
consist of a connective tissue layer (the lamina propria) 
above which is an epithelial layer, the surface of which is 
made moist usually by the presence of a mucus layer. The 
epithelia may be either single layered (e.g. the stomach, small 
and large intestines and bronchi) or multi-layered/stratified 
(e.g. in the oesophagus, vagina and cornea). The former 
contain goblet cells which secrete mucus directly onto the 
epithelial surfaces; the latter contain, or are adjacent to 
tissues containing, specialized glands such as salivary glands 
that secrete mucus onto the epithelial surface. Mucus is 
present either as a gel layer adherent to the mucosal surface 
or as a luminal soluble or suspended form. The major 
components of all mucus gels are mucin glycoprotein’s, 
lipids, inorganic salts and water, the latter accounting for 
more than 95% of their weight, making them a highly 
hydrated system[23]. The major functions of mucus are that 
of protection, Barrier, Adhesion and lubrication. 

1.3.1Composition of mucus layer  

Mucus is translucent and viscous secretion which forms a 
thin, continuous gel layer sticking to the mucosal epithelial 
surface. Mucus glycoproteins are high molecular weight 
proteins possessing attached oligosaccharide units 
containing, L-fructose, D-galactose, N-acetyl-D-glu-
cosamine, N-acetyl-D-galactosamine and Sialic acid[30-32]. 

2.0 The mucoadhesive/mucosa interaction 

The mucoadhesive/mucosa interactions are as below:- 
 
2.1 Chemical bonds 
 
For adhesion to occur, molecules must bond across the 
interface. These bonds can arise in the following way [16,8]. 

(1). Ionic bond 

Where two oppositely chargedions attract each other via 
electrostatic interactions to form a strong bond (e.g. in a 
saltcrystal)[8]. 

 
(2). Covalent bonds 

Where electrons are shared they impairs between the bonded 
atoms in order to fill the orbitals. These are also strong 
bonds[8]. 
 
(3). Hydrogen bonds 

Here a hydrogen atom, when covalently bonded to 
electronegative atoms such as oxygen, fluorine or nitrogen, 
carries as light positively charge and is therefore is attracted 
to other electronegative atoms. The hydrogen can therefore 
be thought of as being shared, and the bond formed is 
generally weaker than ionic or covalent bonds[8]. 
 
(4). Van-der-Waals bonds 

These are some of the weakest forms of interaction that arise 
from dipole–dipole and dipole-induced dipole attractions in 
polar molecules, and dispersion forces with non-polar 
substances[8]. 
 
(5). Hydrophobic bonds 

More accurately described as the hydrophobic effect, these 
are indirect bonds (such groups only appear to be attracted to 
each other) that occur when non-polar groups are present in 
an aqueous solution. Water molecules adjacent to non-polar 
groups form hydrogen bonded structures, which lowers the 
system entropy. There is therefore an increase in the 
tendency of non-polar groups to associate with each other to 
minimize this effect[8]. 

2.2.Theories of adhesion 
 
There are six general theories of adhesion, which have been 
adapted for the investigation of mucoadhesion [6,18-20]. 

 
Figure No. 1: Theories of mucoadhesion 

2.2.1 The electronic theory  

The electronic theory suggests that electron transfer occurs 
upon contact of adhering surfaces due to differences in their 
electronic structure. The electron transfer between the mucus 
and the mucoadhesive projects in the formation of an 
electrical double layer at the interface, with subsequent 
adhesion due to attractive forces[20]. 
 
2.2.2. The adsorption theory 

According to this theory, after an initial contact of the two 

THEORIES OF MUCOADHESION  

Physical Chemical 
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Diffussion 
Mechanical 
Fracture 
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surfaces, the material will adhere because of the surface 
forces acting between the atoms in the two surfaces i.e. 
Hydrogen bonding, hydrophobic interactionsand van der 
Waals’ forces. It has been proposed that these forces are the 
main contributors to the adhesive interactionbetween the 
adhesive polymer and mucus substrate. Additionally the 
chemisorptions theory, based on the assumption that   an 
interaction across the interface occurs as a result of ionic, 
covalent and metallic bonding[21,22]. 
 
2.2.3. The wetting theory  

Is principally applied to liquid systems and considers surface 
and interfacial energies. It involves the ability of a liquid to 
spread spontaneously onto a surface as a prerequisite for the 
development of adhesion. The affinity of a liquid for a 
surface can be found using techniques such as contact angle 
goniometry to measure the contact angle of the liquid on the 
surface, with the general rule being that the lower the contact 
angle, the greater the affinity of the liquid to the solid.  
 
The spreading coefficient (SAB ) can be calculated from the 
surface energies of the solid and liquids using the equation: 

SAB = γB – γA – γAB 

Where γA is the surface tension (energy) of the liquid A, γA is 
the surface energy of the solid Band γAB is the interfacial 
energy between the solid and liquid. SAB should be positive 
for the liquid to spread spontaneously over the solid. 
 
The work of adhesion (WA) represents the energy required to 
separate the two phases, and is given by: 
 

wA =  γA + γB – γAB: 
 
This theory explains the importance of contact angle and 
reduction of surface and interfacial energies to attain greater 
amount of mucoadhesion. 
 
2.2.4.The diffusion theory 

According to this theory, the polymer chains and the mucus 
co-mingle to a sufficient depth to create a semi-per meant 
adhesive bond[26]. Additional insight, with respect to the 
mechanism of interpenetration, was provided by Prager and 
Tirrell[27]. The bioadhesive material and glycoprotein of the 
biological membrane are brought in close contact. The 
polymer chains penetrate the mucus; the exact depth to which 
it penetrates to achieve sufficient bioadhesion depends on the 
diffusion coefficient, time of contact, and other experimental 
variables. The diffusion coefficient depends on molecular 
weight and decreases rapidly as cross-linking density 
increases, as shown by Peppas and Reinhart[28]. Thus 
thisprocess is driven by concentration gradients and is 
affected by the available molecular chain lengths and their 
mobilities. The depth of interpenetration depends on the 
diffusion coefficient and the time of contact. Sufficient depth 
of penetration creates a semi-permanent adhesive bond. 

Below equationhelps to evaluate the interpenetration depth of 
polymer and mucin chains  
 

l = (tDb)½ 

 
Where t is the contact time and Db is the diffusion coefficient 
of the mucoadhesive material in the mucus. The adhesion 
strength for a polymer is attained when the depth of 
penetration is approximately equivalent to the polymer chain 
size. Structural similarity between the bio adhesive and the 
mucus promotes good mutual solubility resulting in diffusion 
phenomenon, hence concluded as larger the structural 
similarity, the stronger the mucoadhesive bond[23]. 
 
2.2.5.The mechanical theory 

is based on assumption that adhesionoccurs with plugging  of 
a liquid adhesive into irregularities on a rough 
substratesurface. Moreover this abrassive or rough surfaces 
also provide an increased interfacial surface area available 
for interaction along with an enhanced viscoelastic and 
plastic dissipation of energy during joint failure, which are 
thought to be more important in the adhesion process than a 
mechanical effect[15]. 
 
2.2.6.The fracture theory 

This theory vary from the other five as it relate to evaluation 
of  the adhesive strength to the forces required for the 
disentangement  of the two involved surface safer established 
adhesion. This assumes that the failure of the adhesive bond 
occurs at the interface. However, failure normally occurs at 
the weakest component, which is typically a cohesive failure 
within one of the adhering surfaces[24,25].  
 
The fracture strength is equivalent to adhesive strength, given 
by the following equation; 

cr = (E~/L) I/2 

Where E is Young's modulus of elasticity ~ is the fracture 
energy, and L is the critical crack length when two surfaces 
are separated. The work of fracture of an elastomer network 
Gc is given by 
 

Gc = K (Mc) ½ 
 
K is a constant dependent on density of the polymer, 
effective mass, length, flexibility of a single mucin chain 
bond, and bond dissociation energy. Gc of an elastomeric 
network increases with molecular weight Me of the network 
strands[24,25]. 
 
3.0 Mechanism of mucoadhesion 
 
Due to relative complexity, it is likely that the process of 
mucoadhesion cannot be described by just one of these 
theories. In considering the mechanism of mucoadhesion, a 
whole range ‘scenarios’ forin-vivo mucoadhesive bond 
formation are possible (Figure 2)[8]. These include: 
 
(a). Dry or partially hydrated dosage forms contacting 

surfaces with substantial mucus layers (typically 
particulates administered into the nasal cavity). 

 
(b). Fully hydrated dosage forms contacting surfaces with 

substantial mucus layers (typically particulates of many  
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‘First Generation’mucoadhesives that have hydrated in 
the luminal contents on delivery to the lower 
gastrointestinal tract). 

 
(c). Dry or partially hydrated dosage forms contacting 

surfaces within/discontinuous mucus layers (typically 
tablets or patches in the oral cavity or vagina). 

 
(d). Fully hydrated dosage forms contacting surfaces with 

thin/discontinuous mucus layers (typically aqueous 
semisolids or liquids administered in to the oesophagus 
or eye). 

 
(A) 

 
(B) 

 
(C) 

 
(D) 

 
Figure No. 2: Mucoadhesion occurrence in different 
scenarios[8] 
 
In the study of adhesion generally, two steps in the adhesive 
process have been identified[33], which have been adapted to 
describe the interaction between mucoadhesive materials and 
a mucous membrane[5,6] (Figure. 3). 

 
Step 1- Contact stage 

An intimate physical contact (wetting or swelling) occurs 
between the mucoadhesive and mucous membrane. 
  
Step 2-Consolidation stage  

Various physicochemical interactions occur to consolidate 
and strengthen the adhesive joint, leading to prolonged 
adhesion (interpenetration)[34]. 
 
 

 
 
Figure No. 3: The two stages in mucoadhesion[8] 
 
Step 1 - Contact stage 

The mucoadhesive and the mucous membrane have initially 
come together to form an intimate contact. In some cases 
these two surfaces can be mechanically brought together, e.g. 
placing and holding a delivery system within the oral cavity, 
eye or vagina. In others the deposition of a particle is 
encouraged via the aerodynamics of the organ. For example 
within the nasal cavity or bronchi of the respiratory tract 
deposition onto the ‘sticky’mucus coat is encouraged by 
processes such as inertial impaction, in order to ‘filter out’ 
particles from the air stream[35]. 

 
Step 2 - Consolidation stage 
 
It has been proposed that if strong or prolonged adhesion is 
required, for example with larger formulations exposed to 
stresses such as blinking or mouth movements, then a second 
consolidation stage is required. Mucoadhesive materials 
adhere most strongly to solid dry surfaces as long as they are 
activated by the presence of moisture. Moisture will 
effectively plasticize the system allowing mucoadhesive 
molecules to become free, conform to the shape of the 
surface, and bond predominantly by weaker van der Waal 
and hydrogen bonding[8,36]. 
 
Essentially, there are two theories explaining the 
consolidation step: 
 
1. The diffusion theory 
2. The dehydration theory[37] 
 
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 favouring both chemical and mechanical 
interactions. According to dehydration theory, materials that  
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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. 

 
Figure No.4 The dehydration theory of mucoadhesion[8] 
 

4. Factors affecting mucoadhesion 
4.1 Polymer related factors 

4.1.1 Molecular weight  

As indicated in many studies the optimum molecular weight 
for maximum  bio adhesion depends upon type of polymer and 

tissue used in mucoadhesion, circa 10
4
 Da to circa 4x10

4
 Da 

range considered apt for mucoadhesion process. Though 
precise characterizesation the molecular weight of large 
hydrophilic polymers isvery difficult phenomenon[8]. For 
example, polyethylene glycol (PEG), with a molecular weight 
of 20 000, has little adhesive character, whereas PEG with 
200 000 molecular weight has better, and PEG with 400 000 
has superior adhesive properties[39-41]. The interpenetration 
of polymer molecules is favourable for low molecular weight 
polymers and lower molecular weight polymers will form 
weak gels and readily dissolve whereas entanglements are 
favours for high molecular weight polymers and these will not 
hydrate readily to free the binding groups to interact with a 
substrate[38,8]. Low-molecular weight polymers penetrate 
the mucus layer better. High  molecular weight promotes 
physical entangling. 

4.1.2 Flexibility of polymer chains  

This parameter   is believed to be important for 
interpenetration and entanglement, allowing binding groups 
to come together As water soluble polymers become cross-
linked, the mobility of an individual polymer chain 
decreases and thus the effective length of the chain that 
can  penetrate  into the mucous layer decreases,  which 
reduces mucoadhesive strength[42-44]. For achieving such 
diffusion, the polymer chain should have substantial degree 
of flexibility, which depends on the viscosity and diffusion 
coefficient. As a conclusion higher flexibility of polymer 
causes greater diffusion into mucus network[38,41]. 

4.1.3 Cross linking density  

The cross linking density indicates the number of average 
molecular weight of the cross linked polymer, which 
determines the average pore size. When the cross linking 
density is higher, then the pore size becomes small, so that 
diffusion of water into the polymer network occurs at a lower 
rate, thus there is only an insufficient swelling of polymer  

 
resulting in decreased penetration of polymer into the mucin. 
It was reported that, this general property of polymers, in 
which the degree of swelling at equilibrium has an inverse 
relationship with the degree of cross- linking of a 
polymer[45]. 
 

4.1.4 Swelling or hydration  

Hydration is required for a mucoadhesive polymer to expand 
and create a proper macromolecular mess 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 bio adhesive sites for hydrogen bonding 
and/or electrostatic interaction between the polymer and the 
mucus network[46]. Polymer swelling permits a mechanical 
entangle ment by exposing the Boiadhesive sites for 
hydrogen bonding and/or electrostatic interaction between 
the polymer and the mucous network[46,47]. However, a 
critical degree of hydration of the mucoadhesive polymer 
exists where optimum swelling and bio adhesion 
occurs[48,49]. 

4.1.5 Concentration of polymer  

When the concentration of the polymer is too low, the 
number of penetrating polymer chains per unit volume of the 
mucus is small and the interaction between polymer and 
mucus is unstable. In general, the more concentrated polymer 
would result in a longer penetrating chain length and better 
adhesion[50]. 

4.1.6 Spatial confirmation 

Bio adhesive force is also reliant on the conformation of 
polymers, i.e., helical or linear. The helical conformation of 
polymers may shield many active groups, primarily 
responsible for adhesion, thus reducing the mucoadhesive 
strength of the polymer[6,42,29]. 

4.1.7 Hydrogen bonding capacity  

Hydrogen bonding is another important factor for 
mucoadhesion of a polymer. For mucoadhesion to occur, 
desired polymers must have functional groups that are able to 
form hydrogen bonds[46]. Ability to form hydrogen bonds is 
due to the presence of (COOH, OH etc.). Flexibility of the 
polymer is important to improve its hydrogen bonding 
potential. Polymers such as polyvinyl alcohol, hydroxylated 
methacrylate and poly (methacrylic acid) as well as all their 
co-polymers are having good hydrogen bonding 
capacity[49,51]. 

4.1.8 Charge  

The degree of bioadhesive property of ionic polymer is 
always higher than that of non-ionic polymer[49]. In neutral 
or slightly alkaline medium, the cationic polymer reveal 
superior mucoadhesive property[52]. It has been revealed   
that, cationic high molecular weight polymer such as chitosan 
possess good bio adhesive property[53]. 

 

459 



Harvinder Kaur Saini * et al. / Int. J. Pharm. Med. Res. 2017; 5(3):455-463                                                     

456 

 
4.2 Environment related factors 

4.2.1 pH of polymer-substrate interface  

pH influences the charge on the surface of both mucus and 
polymers[38]. Mucus will have a different charge density 
depending on pH, because of difference in dissociation of 
functional groups on carbohydrate moiety and amino acids of 
the polypeptide backbone, which may affect adhesion[42,43]. 
pH of the medium is important for the degree of hydration 
of cross-linked polycyclic acid, showing consistently 
increased hydration from pH 4 to pH 7, and then a decrease 
as alkalinity or ionic strength increases. However, at higher 
pH, the chain is fully extended due to electrostatic repulsion 
of the carboxyl ate anions[38,44,42,55]. 

4.2.2 Applied strength  

While placing a buccal mucoadhesive drug delivery system, 
desired strength should be applied in order to provide a good 
bio adhesive property. Even though there is no attractive 
forces between polymer and mucus, then application of high 
pressure for sufficient long time make the polymer become 
Boiadhesive with mucus, hence pressure initially applied to 
the mucoadhesive tissue contact site can affect the depth 
of interpenetration[56]. 

4.2.3. Initial contact time  

Contact time between the bioadhesive and mucus layer 
determines the extent of swelling and interpenetration of the 
bioadhesive polymer chains. Moreover, bioadhesive strength 
increases as the initial contact time increases[38,43]. Even 
though with the initial pressure the initial contact time there 
is rigorous effect on performance of a system[47]. 

4.2.4. Moistening  

Moistening is required to allow the mucoadhesive polymer to 
spread over the surface and create a macromolecular network 
of sufficient size for the interpenetration of polymer and 
mucin molecules to increase the mobility of polymer chains. 
However there is a critical level of hydration for 
mucoadhesive polymers characterized by optimum swelling 
and bio adhesion[57]. 

4.2.5. Presence of metal ions  

Interaction with charged groups of polymer and/or mucous 
can decrease the number of interaction sites and the tightness 
of mucoadhesive bonding[58]. 

4.3 Physiological factors  
4.3.1. Mucin turnover  

High mucin turnover is not beneficial for the mucoadhesive 
property because of following reasons:  

The high mucin turns over limits the residence time of 
bioadhesive polymer as it detaches from the mucin layer, 
even though it has a good bioadhesive property. High mucin 
turn over may produce soluble mucin molecule[42,29], thus 
molecule interact with the polymer, before they interact with  

 
mucin layer[59,60,53]. Hence there will not be sufficient 
mucoadhesion. 

4.3.2 Disease state  

The physicochemical property of mucus may alter during 
some disease state, such as common cold, gastric ulcers, 
ulcerative colitis, bacterial and fungal infections etc. Thus 
alteration in the physiological state may affect the bio 
adhesive property[54,29]. 

4.3.3 Rate of renewal of mucosal cells  

Rate of renewal of mucosal cells varies extensively from 
different types of mucosa. It limits the persistence of 
bioadhesive systems on mucosal surfaces[57]. 

4.3.4 Tissue movement  

Tissue movement occurs on consumption of liquid and food, 
speaking, peristalsis in the GIT and it affects the 
mucoadhesive system especially in case of gastro retentive 
dosage form[57]. 

5.0 Discussion 

Mucoadhesion is a multifaceted process and copious 
theories have been presented to elucidate the mechanisms 
involved. These theories include mechanical-interlocking, 
electrostatic, diffusion interpenetration, adsorption and 
fracture processes, Hence concluded as Electronic theory, 
Adsorption theory, Wetting theory, Diffusion theory, 
Fracture theory. Mucoadhesive dosage forms has inclined 
patient towards due to ease of drug administration and 
Painless administration. Most importantly there are various 
factors as elucidated above plays an important role in 
adhesion property, molecular weight of the polymer as one 
parameter concluded as, Low-molecular weight polymers 
penetrate the mucus layer better. High molecular weight 
promotes physical entangling. - circa 104 Da to circa 4x104 
Da range considered apt for mucoadhesion process. Higher 
flexibility of polymer causes greater diffusion into mucus 
network, further flexibility, which depends on the viscosity 
and diffusion coefficient. Hydration is required for a 
mucoadhesive polymer to expand, Polymer swelling permits 
a mechanical entanglement by exposing the Boiadhesive 
sites for hydrogen bonding and/or electrostatic interaction 
between the polymer and the mucous network. For Optimum 
Hydration pH values should between pH 4 to pH 7. 

Optimum concentration is required for proper adhesion 
neither too low nor too high concentration supports the 
adhesion property. As per the spatial confirmation concerns 
out of helical or linear, helical conformation of polymers 
may shield many active groups, primarily responsible for 
adhesion, thus reducing the mucoadhesive strength of the 
polymer hence reducing the Adhesion property. The degree 
of ionization plays important role in bioadhesive property, 
ionic polymer has higher bioadhesion than that of non-ionic 
polymer. Thus, Mucoadhesive Drug Delivery system is 
considered as the preferred drug delivery system. 
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6.0 Conclusion 
 
The mucoadhesive drug delivery system is a cumulative for 
delivering the drugs which have narrow absorption window 
at the target site to optimize their usefulness. Oral route is the 
most ancient as well as preferred by patient being convenient 
to take similarly in Mucoadhesive dosage forms has inclined 
patient towards due to ease of drug administration  and 
Painless administration. Studies on Mucoadhesive system 
have focused on broad array of aspects as distended from the 
simple oral mucosal delivery to the nasal, vaginal, ocular and 
rectal drug delivery systems. The article exemplify the 
mechanism by which mucoadhesion can adhere to a mucous 
membrane with respect to the nature of the adhering surfaces 
and the forcing to generate a intimacy between them. 

References  

[1]. Khanvilkar K., Donovan MD., Flanagan DR., Drug 
transfer through mucus, Advanced Drug Delivery 
Reviews 2001;48:173–193  

[2]. Longer MA., Ch’ng HS., Robinson JR., 
Bioadhesivepolymers as platforms for oral controlled 
drug delivery III, Oral delivery of chlorothiazide using a 
bioadhesive polymer, J. Pharm. Sci. 1985;74:406–411. 

[3]. Nagai T., Nishimoto Y., Nambu N., Suzuki Y., Sekine 
KJ., Powder dosage form of insulin for nasal 
administration, J. Controlled Release 1984; 1:15–22. 

[4]. Lejoyeux F., Ponchel G., Wousessidjewe D., Peppas 
NA., Duchene D., Bioadhesive tablets-influence of the 
testingmedium composition on bioadhesion, Drug Dev. 
Ind. Pharm. 1989;15:2037–2048. 

[5]. Gu JM., Robinson JR., Leung SHS., Binding of 
acrylicpolymers to mucin/epithelial surfaces: structure 
propertyrelationships, Crit. Rev. Ther. Drug Carr. Syst.  
1988;5:21–67. 

[6]. Ahuja A., Khar RK., Ali J., Mucoadhesive drug delivery 
systems, Drug Dev Ind  Pharm. 1997; 23:489–515. 

[7]. Madhav NVS., Ojha A., Tyagi Y., Negi M., 
Mucoadhesion: a novelistic platform for drug delivery 
system, Int J Pharm. 2014; 2:9: 246-58.  

[8]. John D., Smart, The basics and underlying mechanisms 
of mucoadhesion, Advanced Drug Delivery Reviews 
2005;57:1556– 1568. 

[9]. Wani MS., Parakh SR., Dehghan MH., Current status in 
buccal drug delivery system, pharmanfo.net 2007; 5:2. 

[10]. Tangri P., Recent advances in oral mucoadhesive drug 
delivery system: A review,  Int. J. Parma. Res. Develop. 
2011; 3:2:151-161. 

[11]. Gandhi SD., Pandya PR., Umbarkar R., Mucoadhesive 
drug delivery system-an unusual maneuver for site  

 

 
specific drug delivery system, An Int. J. Phama Sci.  
2011; 2:3:132-152. 

[12]. Rajput GC., Majmudar., Patel JK., Patel KN., Stomic 
specific mucoadhesive tablet as controlled drug delivery 
system- A Review work, Int. J.  Phama. Bio. Res. 2010; 
1:1:30-41. 

[13]. Tangri P., Khurana S., Mandav S., Mucoadhesive drug 
delivery: Mechanism and methods of evaluation, Int. J. 
PhamaBiomed Sci. 2011; 2:1:458-467. 

[14]. Patel KV., Patel ND., Dodiya HD., Buccal bioadhesive 
drug delivery system: An review, Int. J. PhamaBio 
Archives. 2011; 2:2:600-609. 

[15]. Kumar SK., Reddy J., Sekhar C., Recent approaches in 
mucoadhesive microsphere drug delivery system, JITPS 
2011; 2:3:77-91. 

[16]. Laidler KJ., Meiser JH., Sanctuary BC., Physical 
Chemistry, Fourth edition,  Houghton Mifflin 
Company, Boston, 2003. 

[17]. Shijith KV., Chandran CS., Vipin KV., Augusty AR., 
Premaletha K., A review on basics behind development 
of muco adhesive buccal drug delivery systems, Int J 
Adv PhamaBio Chem. 2013; 2:2: 310-17.  

[18]. Mathiowitz E., Chickering DE., Definitions, 
mechanisms andtheories of bioadhesion, in: E. 
Mathiowitz, D.E. Chickering,C.-M. Lehr (Eds.), 
Bioadhesive Drug Delivery Systems: Fundamentals, 
Novel Approaches and Development,  Marcel Decker, 
New York 1999; 1 –10. 

[19]. Peppas NA., Sahlin JJ., Hydrogels as mucoadhesive 
andbioadhesivematerials: a review, Biomaterials 
1996;17:1553– 1561. 

[20]. Dodou D., Breedveld P., Wieringa P., Mucoadhesives 
in the gastrointestinal tract:  Revisiting the literature for 
novel applications, Eur J PharmBiopharm. 2005;60:1–
16.  

[21]. Kinloch AJ., The science of adhesion, J Mater Sci. 
1980;15:2141–66. 

[22]. Jiménez-Castellanos MR., Zia H., Rhodes CT., 
Mucoadhe-sive drug delivery systems, Drug Dev Ind 
Pharm.1993;19:143–94. 

[23]. Smart JD., The basics and underlying mechanisms of 
mucoadhesion, Adv Drug  Deliv Rev. 2005;57:1556–
68. 

[24]. Lake GJ., Thomas AG., Strength of highly elastic 
materials, Proc. R.  Soc. London Set.A 1967;300:108 
119. 

[25]. Ahagon A., Gent AN., Effect of interfacial bonding on 
the strength of adhesion, J. Polym.Sci. Polym. Phys. Ed. 
1975;13:1285-1300. 

461 



Harvinder Kaur Saini * et al. / Int. J. Pharm. Med. Res. 2017; 5(3):455-463                                                     

456 

 
[26]. Voyutskii SS., In: Autohesion and Adhesion of High 

Polymers 1967, Wiley, New York. 

[27]. Prager S., Tirrell M., The healing process at polymer-
polymer interfaces,  J. Chem. Phys. 1981;75:5194- 
5198. 

[28]. Reinhart CT., Peppas NA., Solute diffusion in swollen 
membranes, Part 1I. Influence of crosslinking on 
diffusive properties, J. Member. Sci. 1984;18:227 -239. 

[29]. Nikhil S.,  Bhattacharya K.,   A  Basics   and   
Therapeutic  Potential of   Oral Mucoadhesive 
Microparticulate Drug Delivery  Systems,  International  
Journal  of  Pharmaceutical  and  Clinical Research, 
2009;1:10-14. 

[30]. Allen A., Cunliffe WJ., Pearson JP., Venables CW., 
The Adherant Gastric Mucus Gel Barrier in Man and 
Changes in Peptic Ulceration, J. Intern. Med. Res. 
1990;228:s732: 83–90.  

[31]. Vinod KR., Rohit RT., Sandhya S., David B., 
Venkatram RB., Critical review on mucoadhesive drug 
delivery systems, Hygeia. J. D. 2012; 4:1:7-28. 

[32]. Venkatalakshmi R., Sudhakar Y., Buccal drug delivery 
using adhesive polymeric  patches, IJPSR 2012; 3:1: 
35-41. 

[33]. Wu S., Formation of adhesive bond, Polymer Interface 
and Adhesion, Marcel  Dekker Inc, New York, 1982; 
359– 447. 

[34]. Alexander A., Ajazuddin S., Tripathi DK., Verma T., 
Maurya J., Patel S., Mechanism  responsible for 
mucoadhesion of mucoadhesive drug delivery system: a 
review, Int  J App Bio and Phama Tech. 2011; 2:1: 434-
45.  

[35]. Florence AT., Attwood D., Physicochemical Principles 
of Pharmacy, Third edition, Palgrave Ltd, Basingstoke, 
1997. 

[36]. Mortazavi SA., Smart JD., An investigation of some 
factors influencing the in-vitro assessment of 
mucoadhesion, Int. J.Pharm. 1995;116 : 223– 230. 

[37]. Akhtar MH., Gupta J., Mohuddin M., Faisal MD., A 
comprehensive Review  on Buccal Drug Delivery 
System, Int. J. of  Pharm. Res. and Dev. 2012;3:11:59-
77. 

[38]. Kumar RS., Bala P., Boiadhesive polymeric Platforms 
for Transmucosal Drug delivery systems, Tropical 
Journal of Pharmaceutical Research 2010; 9 :91-104. 

[39]. Hoffman A., Pharmacodynamic aspects of sustain 
release preparation, Adv Drug Del Rev 1998; 33: 185-
99. 

[40]. Tiwari D., Goldman D., Sause R., Madan PL., 
Evaluation of polyoxyethylene homopolymers for  

 
buccal bioadhesive drug  delivery device formulations, 
AAPS Pharm Sci. 1999; 1: E13. 

[41]. Huang Y., Leobandung W., Foss A., Peppas NA., 
Molecular aspects of muco and bioadhesion  :tethered 
structures and site specific surfaces, J Control Release 
2000;6565:63-71. 

[42]. Rajput GC., Stomach Specific Mucoadhesive 
microspheres as  a controlled Drug Delivery Systems, 
International Journal on Pharmaceutical and Biological 
Research 2010;1:30-41. 

[43]. Kamath KR., Park K., Mucosal adhesive preparations, 
In Encyclopedia of Pharmaceutical 
Technology,1995:12:132-162. 

[44]. Chowdary KPR., Shrinivas Rao Y., Mucoadhesive drug 
delivery systems, A Review of current status Indian 
Drugs 2000;37:400-406 

[45]. Flory PJ., Principle of Polymer Chemistry, Cornell 
University Press, New York1952:541. 

[46]. Ravi B., Biswajit B., Kevin G., Bhavik J., Kuldeep M., 
Buccoadhesive Drug Delivey system, International 
Journal of Pharma and Bio-Sciences 2010;1:1-32. 

[47]. Robinson JR., Leung SHS., Binding of Acrylic 
ploymers to mucin/epithelial surfaces: structure 
property relationship,Crit Rev The Drug Syst 
1998;5:21-67. 

[48]. Miller NS., Chittchang M., Jhonston TP., The use of 
mucoadhesive polymers in buccal drug delivery, Adv. 
Drug Del Rev 2005;57:1666-1691. 

[49]. Peppas NA., Buri PA., Surface interfacial and 
molecular aspects of polymer bioadhesion on soft 
tissues, J Control Release 1985;2:257-75. 

[50]. Solomonidou D., Cremer K., Krumme M., Kreuter J., 
Effect of carbomer concentration and degree of 
neutralization on the mucoadhesive properties of 
polymer films, J Biomater Sci,2001;12:1191-1205. 

[51]. Park K., Robinson JR., Mechanisms of mucoadhesion 
of poly acrylic acid Hydrogels, Pharm 1986;4:457-464. 

[52]. Park H., Amiji M., Park K., Mucoadhesive Hydrogels 
effective at neutral pH, Proc Int Symp Control Release 
Bioact Mater 1989;16:217-18. 

[53]. Lehr CM., Bouastra JA., Schacht EH., Junginger HE., 
In-vitro evaluation of muco adhesive properties of 
chitosan and some natural, Int J Pharm1992;78:43-48. 

[54]. Allen A., Pain RH., Robson TR., Model for the 
structure of gastric mucous gel nature1976;264:88-89. 

[55]. Asane GS., Nirmal SA., Rasal KB., Naik AA., Mahadik 
MS., Rao YR., Ploymers for Mucoadhesive Drug  

462 



Harvinder Kaur Saini * et al. / Int. J. Pharm. Med. Res. 2017; 5(3):455-463                                                     

456 

 
Delivery Systems: A current staus, Drug Dev. Ind 
Pharm 2008;34:1246-1266. 

[56]. Ponchel G., Irache Jaun-M., Specific and non- specific 
bioadhesive particulate systems for oral delivery to 
Gastrointestinal tract, Advanced Drug Delivery 
Reviews 1998;34:191-219. 

[57]. Alexander A., Sharma S., Ajazuddin, Khan Mohammed 
J, Swarna., Theories and Factors affecting 
Mucoadhesive Drug Delivery International Journal of 
Research in Ayurveda & Pharmacy 2011; 2:4:1155-
1161. 

 

 
[58]. Punitha S., Grish Y., Polymers in mucoadhesion buccal 

drug Delivery, International Journal on of Research and 
Pharmaceutical Sciences 2010;1:170-186. 

[59]. Lehr CM., Poelma FGJ., Junginger HE., Tukker JJ., An 
estimate of turnover time of intestinal mucus gel layer 
in rat in situ loop, International Journal of 
pharmaceutics 1991;70:235-240. 

[60]. Lehr CM., From Sticky stuff to sweet receptors- 
achievements limits and novel approaches to 
Bioadhesion, European Journal of Metabolism 
Pharmacokinetics 1996;21:139-148. 

 

Source of support: Nil, Conflict of interest: None Declared 
 
 

All © 2017 are reserved by International Journal of Pharmaceutical and Medicinal Research 
 

463 


