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Abstract

Mucoadhesive formulations have been used to increase the residence time and
improve bioavailability of nasal dosage forms. The exact nature of the interplay
between formulations and the mucus layer has not been defined, although theories
have been proposed suggesting that certain characteristics are required for optimum
mucoadhesivity. This thesis presents an investigation into the effects of the
properties of excipients in nasal formulations on their mucoadhesive performance.
The main factors that were investigated included molecular weight, concentration,

crosslinking density, charge, and viscosity.

It was established using rotational and oscillation rheology that the polymeric
formulations with the highest molecular weight expressed the highest viscosity.
Thixotropy, a vital property in mucoadhesion, was also assessed. The greatest
thixotropy was found with polymers of increasing molecular weight whereas low
molecular weight polymers exhibited little or no thixotropy. As expected, high
molecular weight polymers produced strongly gelled networks; a requirement for
mucoadhesion. Mucoadhesive interactions between polymers and mucin were
analysed using standard rheology and microrheology. Greater synergy was found
with high molecular weight, linear, ionic polymers; factors which allow for improved
chain interactions. Texture analysis of the formulations confirmed that the adhesive

forces increased for higher molecular weight, ionic polymers.



In conclusion, it was found that a combination of a high molecular weight, increased
viscosity, charge, and a moderate level of crosslinking are all favourable properties
in a polymeric nasal spray. The formulation of a mucoadhesive dosage form with
these characteristics may improve the retention time of the formulation within the
nose, resulting in an increased opportunity for drug absorption and thus greater

bioavailability.



Chapter 1 General introduction

1.1 Introduction

The administration of drugs through the nasal cavity has become established in
recent decades as an inexpensive and non-invasive technique for the local and
systemic delivery of drugs which might require parenteral administration to attain
efficacy (Pires et al., 2009, Privalova et al., 2012). Intranasal drug delivery offers
direct access to the systemic circulation, avoiding first pass hepatic extraction. The
delivery route is facile and drug formulations are thus easily administered without
the need for extensive training, making intranasal delivery highly desirable for both
patients and medical practitioners (Costantino et al., 2007). These factors coupled
with the potential large surface area (150 cm? (Illum et al., 1987)), the porous
endothelial membrane, and highly vascularised sub-epithelial layer offer an attractive
alternative of non-parenteral administration for therapeutic compounds (Turker et al.,
2004). In particular, the nose provides an effective route for the delivery of
systemically active drugs, including peptides susceptible to acidic degradation in the
stomach, such as oxytocin and calcitonin. Nasal drug delivery may be desirable in
crisis treatments, for example accidental overdose with opiates. The advantages of
this method of administration within emergency treatment environments have been
illustrated by many authors (Kerr et al., 2008, Merlin et al., 2010, Sibley et al.,

2013).

It can be said that drug delivery via the nasal cavity has a promising future but it is

not without its disadvantages. The major limitations of nasal drug delivery include



limited capacity from conventional spray systems, the mucociliary clearance of
instilled or sprayed solutions (Kim, 2008, Storms and Farrar, 2009) and the fragile
nature of the mucosa; however, developments in nasal delivery technology, such as
ViaNase®, may be able to exploit the benefits of moderated viscosified solutions to

sustain delivery of large instilled volumes (Figure 1.1).

Delivery with Spray Pump Delivery with ViaNase ® device

Figure 1.1  lllustrating the difference in nasal deposition achieved with the
use of different delivery devices.

The addition of mucoadhesive polymers allows for additional contact of the

formulation, facilitating drug absorption and maximising bioavailability.

The mucosa of the nose is particularly complex, covered by different types of
epithelium with protective (squamous), respiratory (ciliated) and olfactory functions,

together with numerous goblet cells. In order to relate the deposition of a



formulation to likely outcomes, it is necessary to consider the anatomical and

physiological aspects of the human nasal apparatus.

1.2 Anatomy and physiology of the nasal cavity

1.2.1 Nasal cavity

The nose is a complex, multifunctional organ positioned on the face between the
eyes. It is the doorway to the respiratory system and runs posteriorly to the
nasopharynx, further leading to the trachea and oesophagus. The nasal cavity is
separated into two symmetrical halves by the median septum which stretches
posteriorly to the nasopharynx (Harkema et al., 2006). The majority of the nasal
cavity is occupied by the respiratory region and the turbinates, which are also known
as the nasal conchae. Lateral walls divide the respiratory region into three (or four)
sections (Figure 1.2 and Figure 1.3); the superior nasal turbinate and meatus at the
top, the middle nasal turbinate and meatus below and the inferior turbinate and
meatus at the base, which are all important for maintaining the facilitation of
temperature regulation and humidification of inspired air by sustaining a slit-like
cavity. A fourth, much smaller turbinate, known as the supreme turbinate, is present
in approximately 60% of the population and is located above the three more common
turbinates (Gizurarson, 2012). Spongy mucosa covers the thin, skeletal turbinates.
One function of the turbinates is to prepare the inspired air prior to it reaching the

lungs. The spaces between the turbinates are known as meatus and are essentially



flues which the inhaled air flows through. Swell bodies, located within the septum
and turbinates, can adjust the width of the normally tight spaces. A tight spacing is
always maintained which results in the inhaled air being in constant close proximity
to the moist mucus lining of the nasal cavity. Rich vasculature through the
arteriovenous anastomoses in the turbinates facilitates the heating and humidifying of
the air. Another aid to this process comes from the anterior serous glands,
seromucous glands and goblet cells which secrete fluid to sustain the humidification
of the air. The presence of these folded turbinates, along with approximately 300
microvilli present on each cell, also provides the nasal cavity with an increased

surface area.

Frontal i Superior  Sphenoid
sinus i\ turbinate  sinus

Middle
turbinate

. Choana
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turbinate’ /

External AL
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Figure 1.2  Sagittal section of the nasal cavity (Liu et al., 2009).
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Figure 1.3  Frontal plane midway through the nasal cavity (Liu et al., 2009).

The nasal passage possesses three individual functional regions; the vestibular
region, the respiratory region and the olfactory region. The nasal vestibule is the
most anterior part of the nasal cavity, which is adjacent to the atrium (Kim, 2008),
and opens through the nostrils to the face. It acts as a baffle system and possesses
numerous Vibrissae (nasal hairs) which aid in the filtration of large airborne particles.
This region of the nasal cavity contains stratified and squamous epithelial cells which
are keratinised with sebaceous glands. The nasal vestibule can withstand the harmful
effects of noxious environmental materials and is very resistant to dehydration.
However, it allows limited permeation of substances and is therefore not a preferred

site for the administration and absorption of drugs (Csaba et al., 2009).



The highly vascularised respiratory region constitutes approximately 80 to 90% of
the total area of the nasal cavity (Lochhead and Thorne, 2012) and consists of
pseudostratified columnar cells with approximately 100 cilia covering each ciliated
cell and approximately 300 microvilli covering each ciliated and nonciliated cell.
The microvilli further increase the surface area of the nasal cavity making the
respiratory region ideal for drug absorption. Goblet cells are interspersed with the
pseudostratified columnar cells of the respiratory region but it has been recorded that
compared with the submucosal glands, the volume of mucus produced by the goblet
cells is insignificant (Mygind and Dahl, 1998). The mucus layer is formed from
secretions of the submucosal glands and works in collaboration with the actively
beating cilia to trap and remove any foreign particles before transporting them
towards the nasopharynx, where they are then swallowed ahead of destruction by the
gastrointestinal tract. This is termed mucociliary clearance and is an important
defence mechanism of the body, preventing noxious substances from reaching the
lungs. It is therefore imperative that any drug formulation does not interfere with
mucociliary clearance as any changes in this process can lead to an increased risk of

respiratory disease (Lansley, 1993).

The olfactory region is concerned with the process of olfaction, the prime function of
the nose, and is located at the uppermost region of the nasal cavity. It covers
approximately 10-20 cm? of the nasal cavity (Ali et al., 2010) and is predominantly
lined with a mucous membrane, however a small area is lined by neuroepithelium.

The neuroepithelium possess dendritic fibres which project into the nasal cavity.



Bowman’s glands produce a mucus secretion which thinly covers the dendritic
fibres. The secretion acts as a solvent and dissolves odours from the air which
chemically stimulates the nerve cells of the olfactory region and registers a smell.
The neuroepithelium is the only part of the central nervous system that is fully
exposed to the external environment (Pires et al., 2009). It is for this reason that
many researchers have exploited the olfactory region in an effort to deliver drugs
direct to the central nervous system (CNS) and thus bypassing the blood brain
barrier. Many reported investigations have used animal models to deliver such drugs
as SIRNA (Renner et al., 2012a), insulin (Renner et al., 2012b), recombinant
iduronidase (Wolf et al., 2012) and nerve growth factor (Zhu et al., 2011). The
olfactory region in animals is generally much larger and more accessible compared
to humans and in general the bioavailability of the drug within the CNS is less than
1% (Illum, 2012). There are many major challenges to overcome when attempting
intranasal delivery of drugs to the CNS of humans. In order to improve their
bioavailability, further work needs to be completed to gain a full understanding of

the pathways and mechanisms involved in such a delivery system.

1.2.2 Mucus

Mucus is a non-Newtonian, thixotropic gel which behaves like an elastic solid when
under low magnitudes of shear (Lai et al., 2009). The nasal mucus possesses a
number of physiological functions including the enzymatic and physical protection

of the mucosa and the transportation of particulate matter due to its adhesive nature.



The mucus also permits efficient heat transfer, exhibits surface electrical activity and

is the fundamental factor in mucoadhesion.

Mucus is primarily made up of approximately 95% water, 1% salts, 1% of other
proteins (immunoglobulins and albumins, lysosymes and lactoferrins) and < 1%
lipids (phospholipids, fatty acids and cholesterol) (Baraniuk and Merck, 2009, Ozsoy
et al., 2009). Although the main component of mucus is water, the key constituent
responsible for the gel like properties of mucus is mucin. Mucin is a high molecular
weight glycoprotein ranging from 0.5 to 40 MDa in size (Cone, 2009) and is
responsible for the rheological properties of the mucus. The concentration of the

glycoprotein determines how cohesive the mucus is (Serra et al., 2009b).

Mucin is highly glycosylated and approximately 80% of the total weight of mucin is
composed of carbohydrates, namely N-acetyl-D-galactosamine, N-acetyl-D-
glucosamine, L-fucose, D-galactose, and sialic acid (Serra et al., 2009b). Mucin
consists of many subunits which are connected by disulfide bridges. A typical mucin
monomer is shown in Figure 1.4. The amino (NH-) and carboxy (-COOH) terminal
groups are rich in cysteines and are involved in the establishment of intermolecular

and intramolecular disulfide bridges of mucin monomers (Figure 1.4 and 1.5).
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Figure 1.4  Schematic drawing of a general mucin monomer showing the
amino and carboxy terminals, the cysteine rich residues,
repeating units and oligosaccharides.

protein core

disulfide bridges

oligosaccharide

S

v\ highly glycosylated region

cysteine rich domains

Figure 1.5  Schematic diagram of a general mucin molecule showing the
cysteine rich terminals, the highly glycosylated regions, disulfide
bridges and oligosaccharides.



The protein core is surrounded by attached oligosaccharide chains providing a ‘bottle
brush’ configuration. The oligosaccharides are attached to the hydroxyl side chains
of serine and threonine, which make up the protein core, by O-glycosidic bonding.
Sialic acid, which has an axial carboxyl group, makes up a large portion of the
terminal residues in the oligosaccharide side chains. At neutral pH, mucus is
negatively charged but it is uncharged when at an acidic pH. Mucin molecules
contain a large number of hydroxyl and carboxyl groups which provide the

opportunity for hydrogen bonding with nasal drug formulations.

A 5 um thick mucus layer covers the respiratory epithelium. This viscoelastic fluid
is split into two very characteristic layers, a low viscous fluid known as the sol layer
and an upper, more gellous layer. The sol layer has a thickness that is slightly less
than the length of a fully extended cilium and enables the upper gel layer to be
transported by the ciliary beating of the ciliated cells towards the nasopharynx
(Livraghi and Randell, 2007). The rheology of either the sol layer or upper gel layer

is important in ciliary beating and thus affects mucociliary clearance.

1.3 Factors influencing nasal absorption

There are several factors that influence the nasal absorption efficacy of a drug.
These include physiological conditions of the nose, physicochemical characteristics
of the drug and formulation approaches, including the drug administration device.

Absorption and transport of the drug are affected by the physiology of the nasal

10



cavity including, first and foremost, the mucociliary clearance, the circulatory system
and enzyme activity. Drug physicochemical properties that influence absorption
include such factors as molecular weight, viscosity, lipophilicity, and pH. These
factors need to be considered by any formulator in order to optimise the drug

formulation and thus allow for maximum efficacy.

1.3.1 Physiological factors affecting drug absorption

1.3.1.1 Mucaociliary clearance

Mucaociliary clearance (MC) is a non-specific defence mechanism of the nasal cavity
which helps protect the nose and lower airways from damage by inhaled harmful
materials. Foreign particles are trapped in the upper, more viscous gel layer of the
mucus, while the lower, less viscous sol layer acts as a lubricant and eases the action
of the cilia. Due to the watery nature of the lower mucus layer, the cilia are free to
beat with little or no resistance. This improves functionality and allows them to beat
and fully extend. Once fully extended, the tip of the cilia will protrude through the
gel layer which will aid the removal of foreign particles. The cilia work by engaging
the upper layer of the mucus and propelling it towards the nasopharynx before
disengaging and returning to its original position, ready for the next ciliary beat. The
normal mucus clearance half life is variously reported as being approximately 12 to
15 minutes but this can vary between individuals (Marttin et al., 1998). However, a
transport time of more than 30 minutes is deemed as being abnormal (Marttin et al.,

1998). The rate of mucociliary clearance will influence the length of time a

11



formulation is in contact with the absorbing mucosa which in turn affects the amount
of drug that crosses the membrane. Impairment of the MC system can result in a
complete deceleration of the speed that the mucus moves (Privalova et al., 2012).
Factors that affect MC include the viscoelastic properties of the mucus layers along
with the physiological features of the cilia, i.e. the cilia length, density and beat
frequency (Privalova et al., 2012). Drug formulations can also have a profound

impact on the process.

1.3.1.2 Vasculature in the nasal cavity

The nasal cavity is highly vascularised which allows for rapid absorption of drugs
and gives this delivery route a distinct advantage over other non-parenteral routes.
There are a variety of different blood vessels within the nose including resistance
vessels, which control the overall blood flow, exchange vessels, which are
responsible for the filtration and absorption of fluids, capacitance vessels, which deal
with blood volume, and arteriovenous anastomoses, which regulate nasal blood flow.
The presence of this vast blood vessel system makes the nasal mucosa a highly
permeable site. However, drug absorption will depend dramatically on the rate of
blood flow. Congestion, caused by an increase in blood flow, and relaxation, caused

by a decrease in blood flow, can both have an effect of the amount of drug absorbed.

12



1.3.1.3 Enzymatic degradation

One major advantage of drug delivery through the nasal cavity is the avoidance of
the first pass metabolism but the enzymatic degradation with the nose itself cannot be
ignored. The presence of enzymes, such as Cytochrome P450 and carboxyl esterase
may affect the stability of the delivered drugs (Pires et al., 2009, Dhakar et al., 2011,
Privalova et al., 2012). Proteases and aminopeptidases, which are found at the
mucosal membrane, are responsible for the degradation of proteins and peptides,
although the level of aminopeptidases is still significantly lower than that present in
the gastrointestinal tract (Dhakar et al., 2011). Immunoglobulins within the mucus
may also form complexes with peptides and this can cause an increase in the
molecular weight and a subsequent decrease in permeability (Dhakar et al., 2011). It
can be seen that the pharmacodynamics and pharmacokinetics of a nasally delivered

drug is subject to influences from the enzymes present within the nasal cavity.

1.3.2 Drug and formulation factors affecting absorption

1.3.2.1 Molecular weight

Molecular weight (MW) as an influential factor on drug absorption has been
investigated using a wide range of drugs with varying molecular weights of between
160 and 34,000 Da, such as vasopressin (MW of 1084 Da) and human growth
hormone (MW of 22 kDa) (Ozsoy et al., 2009). A study by Mcmartin and colleagues

(1987) demonstrated that nasal absorption, through paracellular transport, decreases

13



exponentially as the molecular weight of the drug increases (Mcmartin et al., 1987).
A rate limiting molecular weight of 1000 Da was recorded in nasal absorption
compared with 300 Da in oral absorption (Fisher et al., 1987, Mcmartin et al., 1987).
This theory has been tested in both humans and rats and the trend was witnessed in
both subjects. Hydrophilic substances with a range of molecular weights were
studied (Fisher et al., 1987) and it was found that a linear correlation existed between
the log of percent absorbed and the log of the molecular weight. These results
allowed the authors to infer that the absorption of hydrophilic compounds over the

nasal mucosa is by way of aqueous channels.

1.3.2.2 Lipophilicity

Lipophilic drugs are generally well absorbed by the nasal cavity and can present
pharmacokinetic profiles comparable to those obtained by intravenous administration
and a bioavailability close to 100% (Illum, 2003). An example of this was reported in
a study by Borland and colleagues (2007) who looked at the efficacy of IN
administration of fentanyl as a pain relief for children compared with IV
administration of morphine. It was found that IN fentanyl provided effective pain
relief and bioavailabilities were comparable with the IV administration (Borland et
al., 2007). It is thought that the absorption of lipophilic drugs occurs in a different
manner to that of hydrophilic compounds, namely by the trancellular route.
Although they are quickly and effectively absorbed across the nasal membrane, it

must be stated that this is only true for lipophilic compounds with a molecular weight

14



less than 1 kDa. Nasal absorption of lipophilic drugs larger than 1 kDa is
significantly reduced. The degree of absorption is associated with the drug’s
lipophilic characteristics and its partition coefficient between any buffer solution
which may be used and the nasal mucosa (Behl et al., 1998), which will allow the

drug to cross the lipid cell membrane (Hinchcliffe and Illum, 1999).

1.3.2.3 pH of drug formulation

The pH of the formulation as well as the pH of the membrane surface can affect the
drug’s absorption ability. The effects of pH on absorption are variable but it is
evident that it affects the solubility, partition behaviour and stability of many drugs,
particularly proteins and peptides. It has been found that absorption of secretin in
rats was higher at a pH below 4.79 and was optimal at pH 3 (Ohwaki et al., 1987).
The absorption was found to be minimal at pH >7. It was confirmed that changes in
pH led to alterations in the extent of dissociation of functional groups as well as the

actual polymer.

An appropriate formulation pH must be prepared in order to avoid irritation and
damage to the nasal membrane which will result in altered drug absorption (Dondeti
et al., 1996). It was reported that solutions with a pH between 4 and 8 caused
minimal mucosal damage where formulations with a pH greater than 10 caused

considerable intracellular damage (Pujara et al., 1995, Kim, 2008).
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1.4 Mucoadhesion

Mucoadhesion is defined as the attachment, by interfacial forces, of at least two
materials, one of which being a mucous membrane, for an extended period of time
(Peppas and Buri, 1985). Mucoadhesive delivery systems (Figure 1.6) are employed
in an attempt to overcome the rapid MC which is ultimately responsible for the
clearance of the formulation from the nasal cavity. This can be achieved with the use
of mucoadhesive polymers which work by binding with the mucosal layer of the
nose and thus reducing the formulation’s rate of clearance from the nasal cavity. The
consequential increased contact time between the drug delivery system and the nasal
mucosa allows for an opportunity for increased absorption of the drug (Amboon et

al., 2012).

mucoadhesive drug
delivery device

release

drug

— epithelial
surface

Figure 1.6 Mucoadhesive drug delivery device action

The mechanism of mucoadhesion was proposed by Duchene and colleagues in 1988

(Duchene et al., 1988). This proposal involves a three stage process and is generally
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accepted for solid delivery systems. The first stage involves an intimate contact
between the mucoadhesive polymer and the mucus surface due to wetting and
swelling of the mucoadhesive (wetting theory). The delivery system is able to
adhere to the mucus layer with the help of the surface forces and tension that exist at
the contact site (electronic and adsorption theories). The swelling of the polymers
arise due to its hydrophilic components. The second stage takes place after the
contact is established and involves the penetration of the mucoadhesive polymer
chain into the mucus surface. Weak, chemical bonds then form between the
entangled polymer chains in the final stage (electronic and adsorption theories). The
wetting and swelling stage is unlikely to occur when the mucoadhesive delivery
system is a polymer gel, due to the polymer already being in equilibrium with the

aqueous medium it was formulated in.

1.4.1 Theories of mucoadhesion

Over the years of mucoadhesion investigation, six general adhesion theories have
been developed (Huang et al., 2000, Smart, 2005, Renner et al., 2012b). These
include adsorption, diffusion, electronic, fracture, wetting and mechanical theories.
None of the theories give a complete description of the mechanisms of
mucoadhesion and it is thought that ,in fact, a combination of all six theories exist
(Amboon et al., 2012). The thermodynamic and interpenetration/diffusion theories

are by far the most widely accepted (Andrews et al., 2009).
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1.4.1.1 The wettability theory

The wetting theory is mainly concerned with liquid preparations and uses the
interfacial and surface tensions to predict spontaneous spreading onto a surface and
the resultant adhesion. Liquid has an affinity for a surface and this affinity can be
investigated using techniques such as contact angle measurements. This technique
measures the contact angle of the liquid in relation to the surface. The lower the

contact angle, the greater affinity the liquid will have for the solid.

The work of adhesion (W) can be used to find the energy required to separate the

liquid from the solid. Work of adhesion is given by the following equation:

Wa=YB+YA-YAB

where ya IS the surface tension of liquid A, yg is the surface energy of solid B and yag
is the interfacial energy between the liquid and the solid. The work of adhesion will
be greater with the increased individual surface energies of the two phases relative to
the interfacial energy. It is thought that a mucoadhesive system that has a better

ability to spread will possess greater mucoadhesive properties (Amboon et al., 2012).
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1.4.1.2 The electronic theory

The electronic theory relates to the assumption that electron transfer arises upon
contact of the adhesive polymer and mucosal surfaces due to their differing
electronic structure. The transfer is thought to lead to the formation of an interfacial
electronic double layer (Edsman and Hagerstrom, 2005). The attractive forces which
occur over the double layer are responsible for the adhesive effect. A charged
system occurs when the mucoadhesive layer and the substrate are in contact and a
separation of the two layers will result in a discharged system. A zeta potential
meter can measure the surface charge properties of a polymer which can then be used

to study its electrical structure.

1.4.1.3 The fracture theory

The fracture theory is the most applicable theory for studying mucoadhesion through
mechanical measurements. The theory relates to the severance of the polymer and
mucus surface after adhesion and this fracture strength is considered to be equal to
the adhesive strength. It has mainly been used to calculate adhesive bonds for
formulations that are rigid (Edsman and Hagerstrom, 2005). Although the fracture
theory is useful for analysing the force required for separation, it does not take into
account entanglement, diffusion or interpenetration of the polymer chains. Tensile

strength or shear stress tests are methods used to study the separation force.
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1.4.1.4 The adsorption theory

The adsorption theory is concerned with the attaching of the adhesive polymer to the
mucus because of surface forces between the molecules of both surfaces. These
surface forces cause the formation of two types of chemical bonding. Primary
chemical bonds of covalent nature are formed which are undesirable in
mucoadhesion due to the permanency of the bonds. Secondary chemical bonds have
many different forces of attractions including electrostatic forces, Van der Waals
forces, hydrogen bonding and hydrophobic interactions. These hydrophobic
interactions may explain the fact that a mucoadhesive polymer binds to a
hydrophobic substrate more tightly than to a hydrophilic surface. The strong
adhesive bond is due to the large number of individually weak hydrophobic

interactions (Andrews et al., 2009).

1.4.1.5 The diffusion theory

The diffusion theory relates to the interdiffusion of polymer chains of the
formulation and mucus network. Concentration gradients drive the process which is
also affected by the availability and mobility of molecular chain lengths (Amboon et
al.,, 2012). Rheological synergism can be used to determine the interdiffusion of
mucoadhesive polymeric formulations and mucin formulations (Hassan and Gallo,

1990).
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1.4.1.6 The mechanical theory

The mechanical theory describes the notion that adhesion occurs from a liquid
adhesive interlocking into the irregularities on an uneven surface. It must be noted,
however, that an irregular surface will present an increased surface area available for
further interactions and enhanced viscoelasticity which are deemed more important

than a mechanical effect (Peppas and Sahlin, 1996, Smart, 2005).

1.4.2 Factors affecting mucoadhesion

There are many influencing factors affecting mucoadhesion which must be
considered when formulating a mucoadhesive drug delivery system. The knowledge
of such factors, which includes functional groups, cross linking density, polymer
molecular mass and polymer concentration, can allow the specific tailoring and

modification in order to achieve the highest level of mucoadhesion.

1.4.2.1 Molecular weight and chain length

Mucoadhesive polymers can differ immensely in their molecular weight. It has been
reported that increasing molecular weight (up to 100,000 Da) will increase the
mucoadhesive strength of a polymer (Shaikh et al., 2011). Smart and colleagues
(1984) performed an investigation into the mucoadhesive properties of sodium
carboxymethylcellulose (NaCMC) and found that the molecular weight of NaCMC

should be greater than 78,600 Da in order to provide desirable mucoadhesive effects
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(Smart et al., 1984). It is apparent that a critical molecular weight exists for
significant mucoadhesion to be achieved. An increase in 