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ABSTRACT :

Currently, drug delivery system designers are interested in the subject of mucoadhesion. The adhesion between two materials, at least one of which has a mucosal
surface, is known as mucoadhesion. A mucoadhesive drug delivery system may be made to allow the dosage form to stay longer at the application or absorption
site and to make it easier for the dosage form to make close contact with the underlying absorbing surface. Controlling the release of the medication from a
dosage form and extending the residence period of the drug at a specific location are particularly helpful in establishing a regulated plasma level of the drug and
enhancing bioavailability. Drug molecules that are not soluble in acid or suffer prolonged first-pass metabolism, for example, may benefit from the application of
these dosage forms to mucosal surfaces. This article discusses mucoadhesion, mucoadhesive polymers, and their application in the development of various
mucoadhesive drug delivery systems for the gastrointestinal tract, nose, eyes, vagina, and rectal regions. Nevertheless, mucoadhesive research is still in its
infancy, and further development is required before the idea can be successfully used to controlled medication delivery.
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INTRODUCTION :

The oral route has been recognized as the most often used method of administration among all other routes for the systemic distribution of medications
via diverse pharmaceutical products of varying dose forms. Because of its many therapeutic benefits, oral controlled dose formulations have been
developed during the past thirty years. This method hasn't worked well for medications, though, that are only partially absorbed in the gastrointestinal
tract (GIT) or that are partially absorbed in distinct GIT segments. Due to the gastrointestinal tract's comparatively short transit time, which includes the
stomach and small intestine, these medications have a limited absorption window. As a result, the medication is administered in nonadsorbing form and
the CR-DF has already exited the upper gastrointestinal system in less than 6 hours. gastrointestinal tract's distal portions. This leads to a brief
absorption drug administration was exposed to the idea of mucosal adhesive, also known as mucoadhesive, in the early 1980s. Mucoadhesive drug
delivery systems are ones that make use of specific water's natural bio adhesion properties. -soluble polymer that becomes sticky when hydrated,
making it possible to target a medication or drug delivery system in a specific area of the body for a prolonged amount of time. This allows for both
local drug targeting and It leads to enhanced and/or better therapeutic efficacy of the medication by extending the dosage form's residence duration at
the site of application or absorption and facilitating close contact between the dosage form and the underlying absorbing surface. In the past several
years, numerous For both systemic and local effects, such mucoadhesive drug delivery systems have been designed for the oral, buccal, nasal,
gastrointestinal, rectal, and vaginal routes.

MUCOADHESION MECHANISMS

We still don't fully understand how certain macromolecules adhere to the mucous tissue's surface. To establish intimate contact and promote surface
contact, the mucoadhesive must spread across the substrate, which will aid in the diffusion of its chains inside the mucus. There are forces of attraction
and repulsion; the attraction forces need to be stronger for a mucoadhesive to work. The kind of dose form and method of administration might help
with each phase. For instance, the substrate may adsorbe a partly hydrated polymer due to the surface water's attraction. As a result, the contact stage
and the consolidation stage are the two stages that often make up the mucoadhesion process . The interaction between the mucoadhesive and the
mucous membrane, which causes the formulation to swell and expand and start to develop a strong bond with the mucus layer, is what distinguishes the
first phase. As with ophthalmic or vaginal formulations, there are situations when the distribution mechanism is mechanically coupled across the
membrane. In other scenarios, such when employing the nasal route, the deposition is encouraged by the organ's aerodynamics to which the system is
delivered. In the gastrointestinal tract, however, direct formulation attachment across the mucosal membrane is not achievable. Peristalsis could help
this contact, although there isn't much evidence in the literature to support appropriate adhesion. Additionally, there can be an unfavourable
oesophageal adhesion. Mucoadhesion in these circumstances can be explained by Brownian motion or peristalsis, which is the movement of organic
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fluids inside the organ cavity. As the particle approaches the mucosal surface, it will experience both repelling and attractive forces. The particle needs
to overcome this repulsive barrier. The mucoadhesive elements in the consolidation process are activated by moisture (Figure 1). Moisture makes the
system more pliable, allowing the mucoadhesive molecules to split apart and create weak hydrogen and van der Waals connections. The two main
theories that describe the consolidation process are diffusion theory and dehydration theory. According to the diffusion theory, chain penetration is the
mechanism by which the mucoadhesive molecules and the glycoproteins in mucus interact. The mucoadhesive device contains properties that promote
both chemical and mechanical interactions in order for this to occur. Examples of molecules that exhibit mucoadhesive features include those
containing hydrogen bond building groups (-OH, —COOH), an anionic surface charge, a high molecular weight, flexible chains, and surface-active
characteristics that promote their diffusion throughout the mucus layer.

THEORIES OF MUCOADHESION

Despite the lack of a clear understanding of the chemical and physical underpinnings of mucoadhesion, the phenomena may be explained by six
traditional hypotheses that were adopted from research on the performance of various materials and polymer-polymer adhesion.

THEORY OF ELECTRONICS

The foundation of electronic theory is the idea that biological and mucoadhesive materials have opposing electrical charges. The creation of a double
electronic layer at the interface results from the flow of electrons between the two materials, and the mucoadhesive strength is determined by the forces
that attract inside this electronic double layer.

THEORY OF ADSORPTION

The mucoadhesive device sticks to the mucus by secondary chemical interactions, such as hydrogen and van der Waals bonds, electrostatic attraction,
or hydrophobic interactions, according to the adsorption hypothesis. For instance, the most common interfacial force in polymers with carboxyl groups
is hydrogen bonding. Since a large number of contacts may produce a powerful global adhesion despite the forces' individual weakness, these forces
have been regarded as the most significant in the sticky interaction phenomena.

WETTING HYPOTHESIS
The liquid systems that show affinity to the surface in order to spread across it are covered by the wetting theory. The contact angle is one measurement
method that may be used to determine this affinity. The basic norm is that affinity increases with decreasing contact angle. For proper spreadability, the

contact angle needs to be equal to or nearly equal to zero.

Equation (1) shows how the spreadability coefficient, SAB, may be computed from the difference between the interfacial energy yAB and the surface
energies YB and yA.

yB-yA -yAB = SAB (1)

The adhesion effort, or the energy required to adhere, increases with the individual surface energy of the mucus and the device in proportion to the
interfacial energy.

THEORY OF DIFFUSION

The interpenetration of mucin and polymer chains to a depth of adequate to form a semi-permanent adhesive connection is described by diffusion
theory (Figure 4). The degree of penetration of the polymer chains is thought to increase the adhesive force. The diffusion coefficient, mucoadhesive
chain flexibility and type, mobility, and contact duration all affect this penetration rate. The research indicates that a depth of penetration between 0.2
and 0.5 pm is needed to create an effective bioadhesive binding. Equation 3 may be used to measure the depth of polymer and mucin chain
interpenetration: I= (tDb) 1/2

MUCOADHESIVE SUBSTANCE

In the first research to show the use of a mucoadhesive substance, Nagai suggested employing adhesive tablets as a better therapy for stomatitis.
Furthermore, once insulin was administered nasally to dogs in the form of bioadhesive powder, there was an increase in the insulin's systemic
bioavailability. Following that, absorption boosters for a variety of administration methods have been employed using bioadhesive materials. Previous
studies were also conducted using well-known commercially accessible polymers, namely polyacrylic
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Initial Production of Mucoadhesive Substances :

These substances are hydrophilic molecules, which can be manufactured or natural, with a variety of organic functionalities that produce hydrogen
bonds, such as carboxyl, hydroxyl, and amino groups. These molecules do not stick to one surface more than another. Mucoadhesives were originally
used as denture fixers; the most well-known types of these are cellulose derivatives, carbomers, chitosans, and alginates. They can be added to
semisolid formulations including gels, ointments, pastes, and suppositories as well as solid formulations like tablets, transdermal adhesives, and
microparticles. The three classes of these polymers are cationic, anionic, and nonionic.

Second-generation Materials for Mucoadhesion

Research on innovative mucoadhesive systems employ polymers with several functions. An ideal polymer should be specific to a specific cellular area
or site, stimulate endocytosis, be able to incorporate both hydrophilic and lipophilic drugs, exhibit mucoadhesive properties in both solid and liquid
forms, inhibit local enzymes or promote absorption, and finally have a broad safety range. Second generation polymers are what these innovative
multifunctional mucoadhesive systems are categorised as. Because they bind or attach to particular chemical structures on the cell or mucus surface,
they provide an alternative to non-specific bioadhesives. lectins, invasins, fimbrial proteins, antibodies, and compounds created by incorporating thiol
groups into previously identified molecules are good examples of these molecules.

Techniques for examining mudahesion

As of yet, no technology has been created expressly to examine mucoadhesion. Although the majority of the tests were modified from other existing
methods, they are helpful and essential for identifying the most promising candidates to be mucoadhesives and for clarifying their modes of action.

Ex vivo and in vitro experiments

Because they aid in the investigation of permeation, release, compatibility, mechanical and physical stability, the surface interaction between the
formulation and mucous membrane, and the strength of the bioadhesive bond, in vitro and ex vivo tests are crucial to the development of a controlled
release bioadhesive system. Numerous delivery routes, including as oral, buccal, periodontal, nasal, gastrointestinal, vaginal, and rectal, can be
simulated by these assays. The following lists the most common in vitro and ex vivo tests found in the literature.

Evaluations of mucoadhesive strength

The majority of in vitro/ex vivo techniques reported in the literature are predicated on the measurement of mucoadhesive strength, or the amount of
force needed to release the mucoadhesive from the model membrane. Is it feasible to detach the mucoadhesive from the substrate in a different
direction find the tensile strengths for rupture, shear, and detachment. The force that is most frequently measured in these tests is rupture tensile
strength. Generally, one uses a texture analyzer or a universal testing equipment (Figure 8). This test determines the amount of force required to remove
the formulation from a model membrane, which is often the nasal mucus of a pig or the intestinal mucus of a rat. The model membrane can also be a
mucin disc. Plotting a force-distance curve using the results will allow one to determine the force required to separate the mucin disc from the
formulation's surface, the peak force, the tensile work (the area under the curve during the detachment process), and the deformation to failure. This
method is most frequently used to examine solid systems like microspheres,

Rheological Techniques

All of the techniques in this category are in vitro, and they were initially put out by Hassan and Gallo, who macroscopically examined the formulation-
mucin interaction using viscosimetric experiments. The mucoadhesion force may be determined from this test by tracking the viscosimetric changes in
the system made up of the selected polymer combination and mucin. It is possible to convert the energy of the chemical and physical linkages in the
mucin-polymer interaction into mechanical energy or work. The source of the viscosity shift is this work, which causes the macromolecules to
reorganise. The contribution of each component may be used to analyse the coefficient of viscosity of a hydrophilic dispersion including mucin and the
mucoadhesive polymer.

Imaging Techniques

There is not enough resolution available with optical microscopes to analyse impacts at the molecular level. A resolution at the micro- or nanometric
level is required for these kinds of research. A more expansive picture may be obtained using electronic microscopy, however the environmental
requirements for submitting the material are not physiological. To prevent alterations brought on by the electronic analysis, the samples, for example,
are examined in a vacuum chamber and are typically coated in a metallic layer.These limitations are removed by the relatively recent technology known
as atomic force microscopy (AFM), which operates in any environment—in liquids, air, or vacuum. It gets bigger more than 109-fold, providing a
three-dimensional picture of the surface and allowing for the visualisation of individual atoms.



International Journal of Research Publication and Reviews, Vol (5), Issue (5), May (2024), Page — 12533-12537 12536

Technique for Dropping Liquid Film

Nielsen, Schubert, and Hansen used a method that Rango Rao and Buri outlined, which entails placing the chosen mucosal membrane within a
cylindrical stainless steel tube that has been sliced lengthwise. This support is tilted and located inside a cylindrical chamber with a temperature control
of 37 °C. An isotonic solution is pumped through the mucosal membrane and collected in a beaker. In the case of particle systems, the quantity that
remains on the mucosal membrane may then be counted with a coulter counter. It is possible to measure the non adhered mucoadhesive in semi-solid
liquids using high performance liquid chromatography.

In vivo experiments

The behaviour of mucoadhesive formulations in vivo, particularly in humans, is poorly understood. Using gamma scintigraphy, the gastrointestinal
tract's chitosan mucoadhesion in vivo is examined. Gamma scintigraphy minimises radiation exposure to the individuals while enabling instantaneous
visualisation of every formulation transit. The research underscored the significance of in vivo investigations, given that while chitosan has an
exceptional mucoadhesion ability in vitro, its retention duration at the absorption site inside the human gastrointestinal system was comparatively brief
and lacked significant reproducibility. Animals' gastrointestinal transit times can also be assessed non-invasively, using the Without compromising
regular operations, release systems may be designed using opaque radioisotopes, and X-rays can be used to track signals.

CONCLUSION

The effective design of innovative mucoadhesive drug delivery systems may benefit from this review of mucoadhesive dosage forms. Mucoadhesive
drug delivery systems are useful from a variety of perspectives, such as the creation of new mucoadhesives, device design, mucoadhesion processes,
and improved penetration. Mucoadhesive drug delivery will be much more crucial in delivering the plethora of novel therapeutic compounds that drug
research is expected to produce.

Numerous features have been the subject of studies on mucoadhesive systems. It's a field in flux, with the aim of creating more “intelligent" polymers
and gadgets, as well as developing new approaches to better understand the mucoadhesion phenomena. The creation of novel medications may depend
more on mucoadhesive systems due to the massive input of new compounds resulting from pharmacological research.
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