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Purpose. This study examined the viscoelastic properties of bioadhe-
sive, chlorhexidine-containing semi-solid formulations, designed for
topical application to the oropharynx.
Methods. Oscillatory rheometry was performed using a Carri-Med
CSL2-100 rheometer at 20.0 ± 0.1 °C in conjunction with parallel plate
geometry (2 cm diameter, 0.5 mm sample thickness). Samples were
subjected to a constant strain (6.5 X 10~3 rad) and defined viscoelastic
parameters, namely storage modulus (G'), loss modulus (G"), loss
tangent (tan 8) and dynamic viscosity On'), measured over a defined
frequency range (0.01-1.0 Hz).
Results. As the oscillatory frequency was increased, G' G" of all
formulations increased, whereas both r\' and tan 5 significantly
decreased. The magnitude of increase of G' and G" as a function of
frequency was relatively small, indicating that, in general, the formula-
tions were non-cross-linked elastic systems. Increasing concentrations
of HEC, PVP and PC significantly increased G', G", r\' yet decreased
tan 6, observations that may be attributed to the physical state of each
polymer in the formulations. Formulation elasticity increased (i.e. tan
8 decreased) as a result of increased entanglement of polymeric chains
of dissolved components (i.e. HEC and PVP) and the restrained exten-
sion of swollen, cross-linked chains of PC. Additionally, in formulations
where the saturation solubility of PVP was exceeded and/or insufficient
"free-water" was available for maximal swelling of PC, formulation
elasticity increased as a result of the increasing mass of dispersed solid
particles of PVP and/or PC. Formulation r\' increased due to the
attendent effects of polymer chain entanglement and polymer state on
overall formulation viscosity.
Conclusions. Following application to the oropharynx, the formula-
tions will behave as elastic systems. Thus, these formulations would
be expected to offer advantageous clinical properties, e.g., prolonged
drug release, increased bioadhesion. However, it is noteworthy that
the final choice of formulation for clinical evaluation will involve a
compromise between viscoelastic characteristics and acceptable tex-
tural properties, e.g. ease of product application. This study has shown
the applicability of oscillatory rheometry for both the characterisation
and selection of candidate, topical bioadhesive formulations for clini-
cal evaluation.
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INTRODUCTION

Typically, solutions (e.g. mouthwashes and nasal drops)
containing the appropriate antimicrobial agent are employed
for the treatment of infection within the oropharynx (1). This
approach allows direct access of the antimicrobial agent to the
site of infection at higher concentrations than may be achieved
following systemic administration. However, as the retention
of aqueous solutions, and hence antimicrobial agents, within
the oropharynx is poor, increased retention (and hence improved
clinical efficacy) may be achieved by the use of bioadhesive
formulations. Reported examples of these include a multilay-
ered tablet containing cetylpyridinium chloride, which provided
super-inhibitory concentrations of this antimicrobial agent in
the saliva for greater than 3 h. (2), and a bioadhesive film
composed of a co-polymer (methacrylic acid and its methyl
ester) which provided prolonged salivary concentrations of met-
ronidazole for 5 h. (3). However, there are problems associated
with the use of bioadhesive tablets (compacts) and films. The
former, due to their relative inflexibility, may result in patient
discomfort whereas bioadhesive films, whilst comfortable, are
expensive to manufacture due to the need for solvent removal.
These problems may be overcome by the use of bioadhesive,
semi-solid preparations.

Recently, we have described the textural (mechanical)
properties of novel, bioadhesive semi-solid systems containing
chlorhexidine which have been designed for topical application
directly onto sites of infection in the oropharynx (4). These
formulations exhibited wide ranges of hardness, spreading prop-
erties (compressibility), adhesiveness (a property related to
bioadhesion) and cohesiveness, parameters all directly relevant
to the clinical performance of topical products (5). Textural
analysis was confirmed as a useful adjunctive technique for the
characterisation, and hence selection, of candidate formulations
for clinical application. However, this method did not provide
general information on the effects of each polymeric component
on the structural rheology (viscoelasticity) of the system, an
important determinant of overall product performance as
described by several authors. For example, Lin et al (6) have
described the relationship between the viscoelastic properties
of hydroxypropylmethylcellulose gels and their clinical perfor-
mance. Whereas, more recently, Tamburic and Craig (7)
reported the relationship between formulation loss tangent and
bioadhesion. Therefore, in the development of formulations for
topical application, due consideration should be given to the
viscoelastic properties to ensure optimisation of product
performance.

Furthermore, products designed for prolonged residence
within the oropharynx will be subjected to oscillatory stresses
over a wide range of frequencies as a result of normal physiolog-
ical processes. Consequently, the effects of such oscillating
stresses on the Theological (viscoelastic) properties of each
formulation require evaluation to ensure that clinical perfor-
mance is not adversely affected. In a previous publication, Jones
et al. (5) described the viscoelastic properties of gels composed
of either hydroxyethylcellulose or sodium carboxymethylcellu-
lose and their relationship with both textural and mucoadhesive
properties, important determinants of clinical performance. This
study concluded that the viscoelastic properties of formulations
designed for use in the oropharynx should be consistent over
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