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Abstract

Retention of a drug delivery system in the stomach is one way of improving and
controlling the absorption of drugs that have an absorption window in the upper small
intestine. By releasing the drug at a controlled rate across this main absorption site for a
prolonged period, improved blood levels, and therefore better tolerated dosage regimes,
can be achieved.

Gas-powered floating delivery systems have emerged as one of the most promising
of the gastric retention methods currently in development. However, at present, gas-
powered floating dosage forms do not have a standardised battery of in vitro tests that are
predicative of in vivo results. There is therefore a need for a rationalised approach to
floating dosage form design, which will enable us to evolve a proper mechanistic
understanding of the behaviour of such dosage forms, thus improving the accurate
prediction of in vivo behaviour.

The most important factor to consider when designing floating dosage forms is the
ability of the formulation to float upon the gastric fluids. It is also vital to quantitate the
floating profile of the dosage form over a functional time period. An apparatus has
therefore been developed that accurately measures the resultant weight of a dosage form at
predetermined intervals over an elongated time period.

The controlled production of gas from a floating dosage form offers considerable
benefits to the formulator. A novel in vitro pressure vessel, capable of assessing the real
time production of gas from a formulation over a designated time period, has therefore
been designed and tested.

The extent to which a polymer system swells upon hydration in vivo has a direct
effect on the density of floating dosage forms. An in vitro method capable of accurately
measuring the dynamic swelling of a dosage form has therefore been developed.

The apparatus have been extensively tested using a selection of manufactured gas
powered floating dosage forms. The relationship between the parameters has been

investigated in detail and possible in vivo — in vitro correlation discussed.
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CHAPTER 1

GENERAL INTRODUCTION



1.1  Gastrointestinal transit and drug absorption

It is generally recognised that the main absorption site of drugs in humans is the
small intestine, due to its high relative surface area and associated uptake sites (Davis et al,
1986a). It has also been shown that the colon acts as an absorption site for some drugs
such as theophylline (Yuen et al, 1993). Other drugs, such as ciprofloxacin, diazepam,
frusemide and various ACE inhibitors, have been shown to have a small preferential site of
absorption located in the upper small intestine, known as an “absorption window” (Harder
et al, 1990; Chan et al 1994; Grass and Morehead, 1989). However, the extent of drug
absorption in a segment of the GI tract depends on the rate of absorption, as well as the
time available for the absorption to occur (Rouge et al, 1996).

When drugs with absorption windows are formulated in normal controlled release
dosage forms, some of the drug will be released after the main absorption site has been
passed, resulting in incomplete delivery. The delivery site has to therefore be controlled,
in order to improve the absorption of certain drugs. It follows that the gastric residence
time of a dosage form will markedly influence both the rate of absorption and the total
absorption of many drugs.

As previously mentioned, for some drugs it may be preferential to target the colon
for delivery. This would be the case if local action was required or for compounds such as
peptides that would otherwise be metabolised in the small intestine. Indeed, delivery
systems have been investigated that would allow colon specific targeting (Gliko-Kabir et al

2000a and b).

1.2  Gastric emptying

The stomach is anatomically divided into three parts: fundus, body and antrum (or
pylorus). The proximal stomach, made up of the fundus and body regions, serves as a
reservoir for ingested materials while the distal region (antrum) is the major site of mixing

motions, acting as a pump to accomplish gastric emptying.



1.2.1 Postprandial emptying

The stomach has the ability to empty different meal constituents at different rates,
even when they are ingested simultaneously (Christensen et al, 1985). Resistance to the
flow of liquids across the pylorus is relatively small therefore they empty from the stomach
rapidly. Resistance to digestible solids, however, is much greater, resulting in the need for
solids to be broken down before they can be emptied from the stomach (Weiner et al,
1981). Any particles that are too large to pass through the pylorus are returned back into
the distal stomach for further digestion as many times as is necessary. Indigestible solids
larger than approximately 2mm are thought to be retained to some degree during the

postprandial period (Kelly, 1981).
1.2.2 Interdigestive emptying

After the stomach has finished emptying the contents of a meal, all that remains is
mucus, cellular debris and any indigestible solids over approximately 2mm in diameter. A
special mechanism called the interdigestive myoelectric complex (IMMC or housekeeper
wave) exists to flush out the contents of the fasted stomach (Code and Marlett, 1975). The
complex occurs in four phases of differing activity. It is the 2°¢ and 3™ phases that are the
most powerful, with contractions in phase 3 being powerful enough to sweep the fasting
stomach contents out into the duodenum. In the fasted state the complex is thought to
occur at roughly 2 hourly intervals, but the actual duration and onset of each cycle varies

both inter and intra subject.
1.2.3 Factors affecting gastric emptying rate

Fatty acids are known to reduce the rate of gastric emptying. This is regulated by
duodenojejunal receptors that are sensitive to fatty acids. The important factor in
determining the degree of slowing is the chain length of the fatty acid. The 14-carbon
chain myristic acid is known to have to the greatest effect (Hunt and Knox, 1968).

The number of calories delivered to the duodenum tends be at a constant rate of
approximately 2 kcal/min (Brener et al, 1983). Therefore the greater the concentration of

energy (kcal/ml) in the stomach contents, the less volume is transferred per minute to the



duodenum. There are possibly duodenal receptors that are sensitive to the fatty acid anions
produced during triglyceride digestion (Hunt, 1980).

Any increase in the acidity of the stomach contents also causes a decrease in
stomach emptying rate. This is again due to duodenal receptors, which appear to maintain
the pH of the duodenum at 6.5 (Hunt and Knox, 1972).

Some drugs are capable of having an effect on the rate of gastric emptying.
Anticholinergics, antihistamines, tricyclic antidepressants, phenothiazines and
propantheline have all been known to delay gastric emptying, which can be attributed to
their antimuscarinic effects. Metoclopramide, cholinergics and nicotine have all been

shown to increase emptying rate.

1.3  Gastric emptying of dosage forms

The gastric emptying of dosage forms were measured in early studies by employing
X-ray examinations to follow the GI transit of radiopaque formulations (Wagner et al,
1958). This method suffers from the modification of the dosage form’s characteristics
which inevitably result from the incorporation of barium sulphate.

More recently the advent of gamma scintigraphy has enabled workers to compile
useful information concerning the gastric emptying of various drug delivery systems
(Bechgaard et al, 1985; Wilson and Hardy, 1985; Davis et al, 1986b; Sangekar et al, 1987).

The emptying of controlled release dosage forms from the stomach will depend
upon the presence or absence of food and the size of the ingested system. Food influences
the gastric retention time of dosage forms in that it delays the onset of the IMMC, thus any
indigestible matter bigger than the cut-off size of the pylorus, e.g. a large dosage form, will
be retained throughout the postprandial period. If a large dosage form is given to a patient
who is in the fasting state then the gastric retention time is dependent upon the onset of the
next IMMC, which could theoretically be anything from 1 minute to 2 hours later as
discussed earlier. Kaus et al proved the importance of food, when they administered
perspex capsules to fasted patients (1984a). The time the capsules took to empty from the
stomach was erratic, due to the variation in onset of the IMMC, therefore the size and the
shape of a dosage form makes no difference to the gastric residence time if the stomach is
in the fasted state. It has also been shown that the presence of food in the stomach slows

the emptying rate of multiparticulate systems (O’Reilly et al, 1987).



It has been shown that the composition of the meal is also important in relation to
the absorption of theophylline from a controlled release single unit dosage form (Karim et
al, 1985), which is probably indicative of an altered gastric residence time. Davis et al
found that an osmotic device, of 7 mm diameter, was retained in the stomach for over 10
hours after ingestion of a high calorie breakfast, whilst the same dosage form was retained
for a much shorter duration after a low calorie breakfast (1984).

The size of a dosage form will have an effect on gastric residence time when food
has been consumed. There is always the possibility that the formulation will empty due to
chance, along with any digested food, if it has a diameter smaller than the pyloric cut-off
size. This cut-off size was thought to be 2mm, which had been extrapolated from dog
studies (Khosla and Davis, 1990). However, more recent studies have shown that the
critical size could be as high as 12mm, although it is more likely a graduated scale
(Timmermans and Moes, 1993). Attention must be paid if designing such a dosage form
because there is a risk of causing gastric obstruction if a nondisintegrating formulation,
bigger than the resting pyloric diameter, is swallowed (Khosla and Davis, 1990).
However, studies so far have only taken the initial size of the formulation into
consideration when discussing the effect of size on gastric retention. It may be more
relevant to measure the robustness of a formulation, as it is possible that a large ‘fluffy’
tablet may be able to pass through the pylorus if it has a relatively small robust centre.
This may be the case in formulations that consist mainly of hydrogels such as

hydroxypropylmethylcellulose (HPMC).

1.4  Controlling the gastrointestinal transit of dosage forms

Numerous approaches have been developed recently in an attempt to control the
transport of dosage forms through the GI tract, with special attention being given to
prolonging the residence time in the stomach. Retention of a drug delivery system in the
stomach is one way of improving and controlling the absorption of drugs with an
absorption window in the upper small intestine, by releasing the drug at a controlled rate
over the main absorption site for a prolonged period. Topical drug delivery to the gastric
mucosa, for example, antibiotic administration for Helicobacter pylori eradication in the

treatment of peptic ulcer disease, would also be facilitated (Yang et al, 1999).



The methods used thus far to delay gastric emptying can be divided into three sub-

sections; physical, physiological and pharmacological.
1.4.1 Physical methods of delaying gastric emptying

Physical methods that formulators have tried to utilise include floating systems,

bioadhesive systems, rapidly swelling systems, high-density pellets and a shape system.

1.4.1.1 Floating systems

Floating systems have attracted attention from scientists interested in increasing the
gastric retention time of controlled release devices, and indeed there has been some success
achieved in this field since the earliest description in 1975 (Sheth and Tossounian).
Various formulations have been considered including, capsules (Timmermans et al, 1989;
Cook et al, 1990; Oth et al, 1992; Timmermans and Moes, 1994; Menon et al, 1994; Mazer
et al, 1998), tablets (Ingani et al, 1987; Hilton and Deasy, 1992; Desai and Bolton, 1993;
Yang and Fassihi, 1996), and multiparticulate or granular systems (Ichikawa et al, 1991;
Thanoo et al, 1993; Yuasa et al, 1996; Iannuccelli et al, 1998a and b; Whitehead et al,
1999). The systems can be classified, in terms of behaviour, into either monolithic (tablets
and capsules) or multiparticulate dosage forms, both of which aim to remain buoyant on
the gastric contents, which have a density of approximately 1.004g/cm’ (Lentner, 1981),
without affecting the intrinsic rate of gastric emptying. It follows that in order for the
floating dosage form to be effective, it must be taken when there is a medium to float upon
in the stomach. Many studies have indeed demonstrated the failure of floating dosage
forms to remain in the stomach under fasting conditions. For instance, Sugito et al (1990)
showed that tablets with a density of 0.86 remained in the stomach for longer than tablets
with a density of 1.33, when taken after a light breakfast. However, when the same dosage
forms were taken under fasted conditions no difference between gastric residence times
was detected. A small problem with this study was the different size of the dosage forms
used, as the diameter of the tablets could have had an effect on the gastric emptying. The
reason for the failures is the so-called housekeeper wave of the IMMC that was mentioned
previously. Such a limitation must therefore be taken into account when considering the
use of floating dosage forms. However, providing that the formulation is capable of

remaining buoyant and a gastric medium is available, then the digestive state of the subject
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becomes the rate-limiting step. The floating dosage form is in effect, due to its distance
from the pylorus, protected from a random, early and erratic emptying during the digestive
phase, even if the size of the dosage form is smaller than diameter of the pyloric opening
(Timmermans et al, 1989).

A number of investigations, however, have come to the conclusion that the density
of a dosage form does not significantly influence its gastric residence time (Davis et al,
1986d; Kaus, 1987). Davis and co-workers (1986d) did not detect any gastric residence
time differences relating to density when comparing either floating capsules or tablets with
non-floating tablets, in a study using gamma scintigraphy. They found that food was the
major factor controlling the gastric emptying of both dosage forms. However it has been
confirmed since, in an in vitro experiment (Timmermans and Moes, 1990c), that the
floating forms used in the experiment produced quite unsteady and inappropriate floating
characteristics and often sank after a few hours. It could be possible that the units float in
vivo, but even still the study is significantly flawed due to the size difference (6.9mm for
the floating capsule to 10.0mm for the non-floating tablet) in the dosage forms chosen for
the study. We can therefore draw no conclusions about buoyancy / density, from the study.

Kaus agreed with the conclusion made by Davis in a published letter (1987), the
focus of the letter was based on a previous article that showed no difference in the gastric
residence times of two indigestible Perspex units (Kaus et al, 1984a), with gravities of 1.03
and 1.61mg/mm”. As the capsules are made of Perspex, it therefore follows that their
densities cannot change with time, and as neither of the capsules have a density
significantly less than that of the gastric fluids, we cannot expect either of them to float
with any degree of certainty. However, the study was actually carried out in the fasting
state, which as discussed earlier, is not an appropriate time to administer floating dosage
forms due to the IMMC.

The size of the dosage forms can be a critical factor when comparing the gastric
residence times of formulations. It has been proven that as the dosage form becomes
bigger (4.8-7.5-9.9mm), the gastric residence time for both floating and non-floating
formulations becomes longer (Timmermans et al, 1989). It has also been shown, in the
same publication, that the difference in gastric retention time, between floating and non-
floating devices, is more pronounced at the smaller and medium sizes. The data from this
experiment was taken after the patients had consumed a small breakfast prior to
administering the dosage form, with no more food being taken until the end of the trial. It

proves the theory that the floating of the dosage form avoids the random emptying seen
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with the non-floating formulations out of the pylorus along with portions of digested
matter. It is consequently emptied at the end of the digestive cycle by the housekeeper
wave. The reason that size retards emptying is that a bigger object is less likely to be
emptied randomly through the pyloric sphincter. The gastric residence time for large
floating capsules (9.9mm) was not statistically different from identically sized non-floating
capsules. This is because once a certain size is reached, the dosage form will not be
emptied until the IMMC, thus nullifying any advantage induced by floating.
Multiparticulate systems were initially developed in order to overcome the ‘all or
nothing’ gastric emptying seen with some monolithic dosage forms (i.e. if the
tablet/capsule gets ejected from the stomach randomly, no more drug is absorbed, therefore
the patient is under-dosed). They also provide less chance of damage to the gastric mucosa
which can be associated with some drugs. Floating multiparticulate systems do show an
increased gastric residence time when compared to non-floating equivalents (Whitehead et

al, 1999). This correlates with the thoughts of Timmermans et al (1989).

1.4.1.2 Bioadhesive systems

As an alternative approach to increasing the gastric residence time of dosage forms,
mucoadhesive substances that adhere to the gastric mucosa have been proposed. The
potential of bioadhesive polymers has been widely discussed in the literature (Park and
Robinson, 1984; Ch’ng et al, 1985; Longer et al, 1985; Duchene et al, 1988; Harris et al,
1989; Li et al, 1993), however a lot of the work has focused on the development of suitable
in vitro techniques and theoretical assessments of the structural requirements needed for
bioadhesion. Many successful materials have indeed been found during in vitro tests,
resulting in some detailed structural hypothesis of chemical groups that aid mucoadhesion
(Tobyn et al, 1996). Some materials that show promise include sodium
carboxymethylcellulose, sodium alginate and polyacrylic acid. One of the problems
associated with the use of bioadhesive systems for stomach retention devices is that they
rely on attachment to mucin on the gastric mucosa. The turnover of mucin in the human
stomach is, however, quite rapid, which would make it very difficult to adhere a controlled
release gastric mucoadhesive formulation to the stomach wall for any significant period of
time (Gupta et al, 1990). We should also consider that, due to the intimate contact
required, some drugs have the potential to exhibit an adverse effect on the mucosa itself.

The future for gastric mucoadhesive formulations may lie in the co-formulation of
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bioadhesive and floating properties into a system (Matharu and Sanghavi, 1992, Rosa

Jimenez-Castellanos et al, 1994, Chueh et al, 1995) but much work still remains to be

done.

1.4.1.3 Other systems

Other physical metheds used to increase the gastric residence time include the use
of high density pellet systems which may reside in the lower part of the antrum (Bechgaard
and Ladefoged, 1978) and the use of rapidly swelling systems that are retained due to their
size, before degrading (Agyilirah et al, 1991; Deshpande et al, 1997). The use of different
shaped units has also been investigated in dog studies (Cargill et al, 1988). However, the
use of large irregular shaped units in human volunteers may prove to be dangerous, due to
the risk of permanent pyloric obstruction. Ion exchange resins have also been attempted
(Thairs et al 1998) but the turnover of the gastric mucosa may limit the maximum gastric

residence time.

1.4.2 Physiological methods of delaying gastric emptying

The delaying of gastric emptying using a physiological mechanism requires the
incorporation of a material into the dosage form that is known to stimulate the duodenal
receptors responsible for the regulation of gastric emptying. This has been attempted in an
in vivo study (Groning and Heun, 1984), which incorporated myristic acid, as the
triethanolamine salt for increased solubility, into the dosage form. The study highlighted a
major problem with this technique, as the responses seen in the experiment varied greatly
from individual to individual, depending on the effect of the myristic acid on each
individual’s receptors. This would therefore lead to variable results on potential patients,

which would not be acceptable to clinicians.

1.4.3 Pharmacological methods of delaying gastric emptying

This method involves adding a stomach motility reducing agent, such as
propantheline, into the dosage form (Watanabe et al, 1976). This may prolong the gastric
residence time as a result of reducing gastric motility. However, this is not really a viable

option for use in many patients, due to the intrinsic interference with the natural workings
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of the stomach, which would affect absorption and digestion of foodstuffs, as well as

introducing the possibility of systemic side effects.

1.5 Aims and objectives

Floating systems appear to be the most promising of all the methods utilised so far
to increase the gastric retention time of dosage forms. The dosage form of choice appears
to be a gas powered device which has the ability to remain buoyant on the stomach
contents for the duration of drug release. A powered device would offer extra insurance
against sinking in vivo, which would minimise the incidence of random emptying that has
been seen with some of the previous inactive floating formulations (Davis et al, 1986d;
Kaus et al, 1984a). There is therefore a need for a rationalised approach to gas powered,
floating dosage form design, which can be achieved using novel, in vitro experimental
design. This would enable us to evolve a proper mechanistic understanding of the
behaviour of gas powered, floating dosage forms, which have been designed to remain in
the stomach for long, reproducible, periods of time.

Such dosage forms do not have current pharmacopoeial testing methods associated
with them, hence it is important that methods are designed which accurately assess the
pertinent properties of gas powered floating dosage forms.

Floating dosage forms, in particular, have been shown to have a low degree of in
vitro — in vivo correlation. The aim of this study was therefore to design and utilise several
in vitro techniques capable of assessing, and optimising, the important characteristics of
gas-powered floating dosage forms, which in turn would lead to in vivo success.

It was considered particularly important to develop apparatus capable of
quantifying dosage form buoyancy, gas release rate and the degree of polymer swelling
within a formulation. These parameters will be discussed in parallel to assess the effect

that each has on the floating properties of a formulation.
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CHAPTER 2

MATERIALS AND METHODS
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2.1 Introduction

This chapter will discuss the routine methods used to evaluate the physical
characteristics of the pharmaceutical solids used in this study. Further chapters will then
be used to describe, in detail, the novel in vitro methods that apply specifically to floating
dosage form characterisation. All materials used during the course of the study are listed
in Table 1, Section 2.2., Page 13.

Physical characterisation of pharmaceutical solids can be conducted at three
primary levels; the molecular level (properties associated with individual molecules), the
particulate level (properties pertaining to individual solid particles) and the bulk level
(properties associated with an assembly of particles) (Brittain et al, 1991). This chapter is
concerned essentially with the bulk physical properties of dosage forms.

Bulk physical properties can be defined in terms of material structure, porosity,
pore size distribution and surface area. Tablet properties, such as hardness and weight
variation, are well-recognised parameters used within the pharmaceutical industry.
Specific surface areas can be measured using gas adsorption techniques, which depend on
the ability to predict the number of adsorbate molecules required to exactly cover the
surface of a material with a single layer of inert gas (Brittain et al, 1991). Accuracy of the
technique is highly dependent on material properties and experimental parameters.

Quantitative estimates of pore volume, pore diameter and pore area can be obtained
using the technique of mercury porosimetry. This is based on capillary rise phenomena
whereby a pressure is required to make a non-wetting liquid move up narrow capillaries
(Ganderton and Selkirk, 1969). Quantitative data is obtained by relating pressure applied,
and volume of mercury intruded, to pore size distribution, pore volume and pore surface
area. Mercury porosimetry has gained popularity as a research tool due to the simplicity of
the technique and the wide range of data that can be generated (Dees and Polderman,
1981). Due to its ease of use, mercury porosimetry is often used as a black box, which
produces pore size distributions (Van Brakel et al, 1981). However, basic limitations of
the technique exist and problems may arise if it is applied to materials for which it has not
been properly tested. To ensure the data obtained is truly representative of the porous
material; potential sources of error need to be thoroughly evaluated and care must be taken

with interpretation of results.

12



In this study, floating dosage forms were analysed using mercury porosimetry and
gas adsorption techniques. The objective was to determine the suitability of these
methods, alone and in combination, for characterising specific surface area, bulk density,
porosity, pore area and pore size distribution of floating dosage forms.

To achieve this it was necessary to; (1) ensure that the techniques gave information
which was truly representative of the porous body; (2) assess whether the measurements

obtained would be potentially useful for physical properties / in vitro behaviour correlation

studies.

2.2 Materials

Table 1. Materials that have been used during the course of the study

Material Manufacturer Batch Number
Ciprofloxacin Ranbaxy -
Sodium Bicarbonate BDH K25190714839
Xanthan Gum Monsanto 64165V
Sodium Alginate Monsanto 59346A
X-linked PVP BASF 379138
Magnesium Stearate BDH 30120362

Talc Degussa 0891
Carvedilol Cadila Healthcare 9CD003

Dried Glucose syrup Roquette 655310
Xantural 75 Monsanto 830370K
Calcium Carbonate BDH K26038699905
(precipitated) Heavy

Ammonium Bicarbonate BDH K25366774844
Lubritab Mendell 666812603X
Emcocel 90M Mendell E9B8AO1X
Mercury Belgrave Mercury Ltd -
Tween 20 Aldrich -
Silicone oil Aldrich -
Sodium Chloride Aldrich 4041440408011
Hydrochloric Acid Fischer K24810951805
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2.3 Methods

2.3.1 Mercury porosimetry

Pore size determinations were made using a Micromeritics Autopore II porosimeter
(Type 9220, Micromeritics Instruments Co., Georgia, USA) capable of operating in the
range of 3.4 to 414,000kNm™. The porosimeter was equipped with a low-pressure chamber
operating from atmospheric pressure (172kNm™®) down to 3.4kNm™ and a high-pressure
chamber operating from 172 up to 414,000kN m™. The pressure at which mercury could be
introduced into the penetrometer (fill pressure) could be controlled between 3.4 and
69kNm™. Assuming the contact angle of the mercury to be 130° and the surface tension of
mercury to be 485.0gcm/s” respectively, pores having median diameters in the range 360 to
0.003um could be analysed. A hydraulic pump generated pressure and the movement of
mercury in the penetrometer stem was followed using a conductance detector.

Tablets were tested one at a time in a solid penetrometer that had a stem volume of
1.131ml. One tablet was used in each test and the test was run in duplicate to assess
reproducibility. Samples were evacuated down to a pressure of SOumHg to remove
adsorbed gases and moisture. The penetrometer, fill pressure and sample size were
carefully selected to ensure that between 10 and 90% of the stem volume was used in each
run. Measurements were carried out at a consistent room temperature of 21°C using an
equilibration time of 5s. The surface tension, contact angle and density of mercury at 21°C
were taken to be 485.0gcm/s®, 130° and 13.5g/ml respectively. Between 30 to 50 points in

the required range were taken.
2.3.2  Surface area analysis by nitrogen adsorption

Nitrogen adsorption onto the surface of tablets was measured using a surface area
analyser (ASAP 2010, Micromeretics Instruments Co., Georgia, USA). Ideally the surface
area being measured should be in the region of 20m?. However, since the surface area of
the tablets was expected to be low (in common with many pharmaceutical products), it was

decided that three tablets should be used for each analysis in order to increase the available
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surface area for measurement. To accommodate three tablets, a glass sample tube with a
volume of approximately 30cm® was used. Outgassing the samples was necessary before
testing to remove physio-adsorbed gases and vapours, which can alter surface potential and
block or fill pores. Vacuum pumping down to a pressure of 8mmHg outgased the samples.
The samples were outgased directly on the analysis port; thus negating the need for port
transfer after outgassing so that no atmospheric gas was able to enter the tube. After
outgassing, the sample was cooled to the boiling point of nitrogen (77K) by immersing the
sample holder into a dewar filled with liquid nitrogen. The sample was exposed to
increasing partial pressures of nitrogen and the volume of gas adsorbed was measured at

each partial pressure.
2.3.3 Measurement of Bulk density

Bulk density was calculated from mercury porosimetry results.
2.3.4 Measurement of Tablet Strength

The crushing strength of tablets were determined using a Schleuniger 2E tensile
tester (Dr. K. Schleuniger & Co., Switzerland). Ten tablets were tested in order to assess
reproducibility. Tablets were crushed along the longest face. Measuring tablet strength is

an established technique to ensure that a batch of tablets has been manufactured within

recommended limits.
2.3.5 Measurement of Tablet Weight
The weight of tablets was measured using an A and D HM120 balance (Oxford,

UK). Ten tablets from each batch were assessed in order to determine the reproducibility

of the tableting process.
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CHAPTER 3

BUOYANCY APPARATUS DESIGN AND
DEVELOPMENT
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3.1 Introduction

The rational design of in vitro experiments is essential for the thorough
understanding of any dosage form. Indeed, a large number of physical and / or chemical
properties exhibited by pharmaceutical products can be measured. It is perhaps even more
important when we are considering the various intrinsic factors that influence the ability of
a formulation to float. Floating dosage forms do not have current pharmacopoeial testing
methods associated with them, hence it is important that methods are designed which can
assess the integral properties of such dosage forms.

The most important factor to consider when designing floating dosage forms is

obviously the ability of a formulation to float upon the gastric fluids.

3.2 Background

Until recently, the main parameters that had been used to describe the adequacy of
dosage form buoyancy were bulk density and, in some experiments, the duration of
floating. It is, however, not enough to say whether a dosage form floats or not, as it is
much more preferable to quantitate the force with which the formulation is floating. It is
also vital to assess the buoyancy profile of the dosage form over a functional time period,
rather than taking a singular pre-testing density measurement. A common misjudgement is
that delivery systems travel in an uncontrollable way through the length of the
gastrointestinal tract. This has in turn led to a lack of correlation between in vitro / in vivo
results. For instance, Davis has shown the absence of correlation between the cumulative
data of in vitro release and in vivo absorption for a drug given to fasted patients in the form
of a monolithic osmotic tablet (1986¢). Many other investigations in humans have also led
to conflicting conclusions when using floating dosage systems. Studies have shown
systems thought to float in vitro that did not provide a significantly prolonged gastric
retention time when compared with non-floating systems irn vivo (Bechgaard and
Ladefoged, 1978; Davis et al, 1986d; Kaus, 1987; Sangekar et al, 1987).

According to the known properties of fluids (Cromer, 1981), it is possible to note

that although density may express whether an object will float, it does not represent the
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magnitude of the floating forces produced by the object. In addition to this, a single
density determination that is made prior to immersion does not enable one to foresee the
floating force evolution of a dosage form, as the dry material of which it is made
progressively reacts or interacts with the medium surrounding it.

These problems have recently been overcome with the invention of a piece of
equipment that is capable of measuring the buoyancy force of a dosage form over a period
of time (Timmermans and Moes, 1990a and b). A schematic of the apparatus is shown
below in Figure 1 (page 19). The equipment consists of an electronic toploader balance
<1> and a force transmitter device <6,7,8> (FTD) that extends vertically down from the
measuring module of the balance into the opening of a test container <12>. Rigid
connection between the upper end of the FTD and the junction point of the electromagnetic
measuring module is ensured in such a way that all vertical upward or downward
displacements of the FTD are perceived by the measuring module and displayed by the
balance. The lower end of the FTD holds a test sample totally submerged in the test
solvent at a constant immersion depth. The test solvent is maintained at a constant
temperature, in an environment free from vibrations, by a water bath <13>. A draft
protection assembly covers the pan of the balance <2>. The data is collected and plotted
by a paper chart recorder <29>. A liquid compensating system is in place as an attempt to
counteract the effects of evaporation from the test container <17-24>.

This apparatus makes it possible to determine the force with which a dosage form
floats over a period of time. It then becomes possible to optimise the floating capabilities
of a formulation before commencing in vivo testing. The apparatus has been used to assess
some of the previous work carried out on floating dosage forms (Timmermans and Moes,
1990c¢).

Using apparatus of this kind would make it possible to determine the robustness of
a particular floating dosage form, and also to gain an indication of what to expect when
looking for correlation between in vivo and in vitro results. The kinetics of dissolution,
floating, swelling or disintegration can be determined from use of such an apparatus. The
measuring process also operates in a non-destructive manner, allowing the real behaviour
of the dosage form to be examined. The profiles produced may in turn be analysed to

establish the important characteristics and properties of tested materials.
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