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Abstract

Stearic acid coated cefuroxime axetil (SACA) is an intermediate product in the
production of cefuroxime axetil for oral suspension (CAOS). The inclusion of stearic
acid within the formulation provides a means of successfully masking the bitter taste
of the drug. This is an extremely important issue as the formulation is intended for
administration to young children. This study has been performed in order to gain an
insight into the mechanism by which cefuroxime axetil is released from SACA. As the
manufacturing process is relatively simplistic a long term aim is the application of
this technology to taste mask other unpleasant tasting compounds. Initial dissolution
studies were carried out to investigate the effect of pH and buffer composition on the
overall level of drug release. Optimal drug levels were obtained using a phosphate
buffer (Sorensens modified phosphate buffer) made up to a pH of 7.0. The addition of
sodium, in the form of sodium chloride, also had a profound effect on the level of drug
release obtained. Increasing the sodium levels of a second phosphate buffer
(phosphate mixed, (Na®, 0.007M), dramatically increased the level of drug release up
to a molarity of 0.05 after which a steady decrease was observed. Following on from
the dissolution studies scanning electron microscopy (SEM) was used to investigate
the surface morphology of the material during dissolution in a range of media. A
method was developed in which SACA was removed at particular time points and
dried. Changes were seen to have taken place on the surface of spheres after
dissolution in particular buffers, notably the ones which produced the higher levels of
drug release. These changes were seen to be time dependent and were exaggerated
when the material was suspended in the media during the drying process. Thermal
studies were carried out using differential scanning calorimetry (DSC) and high
sensitivity differential scanning calorimetry (HSDSC). DSC examination of dried
material, which had undergone dissolution in buffers which had produced optimal
levels of drug release, showed a second peak to be present indicating that a second
component with a different melting point to that of SACA was present. For
examination by HSDSC dry SACA was heated in a range of buffers. Multiple peaks
were observed in media which were known to produce optimal drug release, but not
in media which resulted in sub-optimal drug release, confirming that an interaction
did indeed occur between SACA and certain buffers. Flame photometry, X-ray
diffraction and gas chromatography were used as supportive techniques and
confirmed the generation of a novel species after exposure to media in which drug
release was maximised. With regards to the mechanism of drug release these results
have indicated that it is a complex process comprising of more than one mechanism.
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1. Introduction

Stearic acid coated cefuroxime axetil (SACA) was developed by Glaxo (now
GlaxoWellcome) in the early 1980s in order to improve the palatability of cefuroxime
axetil when formulated as a suspension. This type of dosage form was developed in
order to facilitate its administration to children, as it is well established that any
medication which imparts an unpleasant taste to the patient is likely to result in poor
compliance to a drug regimen (Aronson & Hardman, 1992; Bynoe & Bynoe, 1986;
Helliwell & Jones, 1994; Martin, 1992). This presents a greater problem in the
treatment of infants and young children, therefore the development of formulations
which successfully mask or significantly improve the unpleasant taste of drugs is an
important area of pharmaceutical research and development. The following discussion
will give an overview of taste masking, its importance, and how it may be achieved,
leading to a detailed discussion of the formulation in question. Finally, the objectives

of the project will be outlined.

1.1 Taste Masking of Pharmaceutical Substances

1.1.1 How Taste is Perceived

The senses are a means by which the brain receives information about the outside
world. Historically, five senses were recognised; taste, smell, sight, hearing and touch.
The sense of touch is classed as general since there are many types of nerve endings
scattered throughout the body as opposed to being localised in one particular area. The
other four senses, along with balance, may be characterised as special senses
consisting of highly localised organs comprising very specialised sensory cells. Taste
and smell are both classed as chemical senses and are closely related in their structure
and function. They are important in that they affect a person’s appetite, control the
flow of saliva and gastric secretions, and prevent the ingestion of harmful substances.

Since information regarding the above senses can be found in any standard physiology
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textbook (Seeley et al, 1989; Vander et al, 1990), the following discussion will focus

solely on taste.

The name given to the specialised sense organ for taste is the taste bud. They are
primarily found on the tongue and in the roof of the mouth, with smaller numbers
present in other areas such as the throat and lips. The tongue can be divided into four
main regions (papillae), three of which are associated with taste buds (Figure 1.1a). A
V-shaped row of circumvallate papillae (Figurel.1b) separate the anterior and
posterior sections of the tongue. This type is surrounded by a groove and is the largest
in size but present in the smallest number. Fungiform papillae (mushroom-shaped,
Figure 1.1c) are scattered throughout the entire dorsal surface of the tongue and
appear as small red dots dispersed between filiform papillae (filament-shaped, Figure
1.1e). The filiform type are the most numerous but do not have any taste buds
associated with them. The most sensitive papillae are located at the sides of the tongue
and are referred to as foliate (leaf-shaped, Figure 1.1d). These occur to a greater

extent in young children and decrease with age.

The taste bud is an oval structure in which specialist epithelial cells form an outer
supporting capsule while the interior is composed of approximately forty gustatory or
taste cells (Figure 1.1f). These interior cells are constantly replaced and have a life
span of about ten days. The multi-fold upper surface of the taste cells extends into a
small pore at the surface of the taste bud, called the gustatory or taste pore, which is
bathed in fluids from the mouth. Substances which are dissolved in the saliva are
thought to become attached to small fibres on the surface of the taste cells (gustatory
hairs) causing a change in the membrane permeability of the taste cells. As these cells
do not have their own axons they cannot generate their own axon potentials, therefore,
neurotransmitters are released from the cells in response to a local depolarisation of
the cell membrane and in turn stimulate action potentials in the axons of sensory nerve

cells associated with the taste cells.
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There are four traditional taste sensations detected by the taste buds; sweet, sour, salty
and bitter. In practice, many more than four are detected, and this is thought to be due
to the combination of the four primary tastes. Many sensations commonly thought of
as taste may be strongly influenced by olfactory sensations. All taste buds will be able
to detect the four main tastes, but each taste will be more sensitive to a particular type.
It is not clear how we differentiate between a wide range of taste sensations due to the
lack of specificity of the cells, both in terms of the chemicals to which they respond
and the way in which they are connected to the brain. The odour of a substance is
clearly an important factor in identification. The stimuli to which each taste bud
responds is more dependent on its position on the tongue than the type of papillae
associated with it. The tip of the tongue is most sensitive to sweet and salty tastes, the

back to bitter, while the sides are most sensitive to sour tasting stimuli.

Figure 1.2 illustrates the central nervous system pathways for taste from the facial,
glossopharyngeal and vagus nerves. The nerve type which is responsible for carrying
taste sensations to the brain is determined by the specific position of taste buds on the
tongue. Taste from the anterior two thirds is carried by a branch of the facial nerve
called the chorda tympani, while taste from the posterior third of the tongue and
superior pharynx is carried by the glossopharyngeal nerve. In addition, the vagus
nerve carries a few fibres for taste sensation from the epiglottis. These nerves extend
from the taste buds to the tractus solitarius of the medulla oblongata. Fibres from this
nucleus decussate and extend to the thalamus. From here neurons project to the taste

area of the cortex, which is at the extreme inferior end of the postcentral gyrus.



































































































































































































































































































































































































































































































































































































































































































































































































