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ABSTRACT

The evidence in the literature for the concept that multi-particulate dosage forms below a specific size
empty from the stomach as if they were liquids and hence have the potential to provide the best solution
to the formulation of controlled release oral dosage forms, has been considered. There is some evidence
that particles less than 1.0 mm provide a more rapid response than larger size particles but there is
also evidence that this is not always the case and that rapid and reproducible gastric emptying of small
particles does not always occur when they are administered. There is strong evidence that food can
delay the gastric emptying of multi-particulate systems. Some of the misconception for gastric emptying
performance of multi-particulate system is shown to be related to the limitation of the study design and
limitation of the way the data is processed. Nevertheless, there is clear evidence that multi-particulate
systems can provide effective oral controlled release dosage forms. There is still some way to go with
experimental techniques which would allow a definitive answer to the issue of how the variability of the
gastric emptying of multi-particulate systems of less than 2.0 mm arises.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

The constraints of human physiology, biochemical processes
and the properties of drug molecules do not allow all drugs to be
delivered by the oral route, yet the ability to present a drug via this
route provides several advantages to the patient. Of the new drug
products registered by the EMEA between 2006 and 2009, 48% were
for dosage forms for the oral route as opposed to 45% by injection.
The advantages of oral drug administration can be enhanced if the
dosage form can be presented in such a way that offers a reduction
in the dose frequency or can be used to target a particular section of
the gastro-intestinal tract. The methods of providing such dosage
forms are described in texts (Vergnaud, 1993; Wise, 2000).

There are 2 basic types, single dose units and multiple dose
units, the former usually taking the form of tablets of some type,
while the latter are smaller multi-particulate systems of pellets or
micro-tablets filled into capsules or compressed into tablets which
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disintegrate into the original pellets when taken. Of the controlled
release products which provide a Summary of Products Character-
istics, listed at http://www.medicines.org.uk, the number of single
unit dosage systems outnumbers the multi-particulate systems by a
considerable margin, in spite of the often quoted advantages which
appear for the latter type of product. These advantages can be sum-
marised as follows:

e Easy to coat.

e Can separate incompatible drugs.

e Can mix particles of different drug release rate.

e Reduced risk of dose dumping.

e Reduced risk of local irritation of GI tract.

e Less variable bioavailability.

e Particles <2 mm can pass through the pyloric sphincter even on
the feed state and in this respect behave as a liquid in terms of
gastric emptying.

e Particles distribute evenly over the GI tract.

e Distribution of particles over the Gl tract is generally independent
of nutrition status.
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Which of these is used to support the formulation of a multi-
particulate system varies with the paper, but association with
transit of the pellets in the gastro-intestinal tract is a common fea-
ture (Guptaetal.,2001; Ashgar and Chandran, 2006; Hu et al., 2006;
Karrout et al., 2009). Judging by the evidence of the greater number
of tablet preparations, formulators seem not to believe these claims
or there are other factors which influence the decision. When the
literature is reviewed to check if there is any support for the supe-
rior performance of multi-particulate formulations, there is some
support for these claims such as, less intra and inter-subject vari-
ability for enteric-coated erythromycin pellets compared to tablets
(Graffner et al., 1986; Josefsson et al., 1986). Tada et al. (1989)
claimed that pellet formulations were better at producing sustained
release effects and reducing variability in blood levels than tablets
of theophylline, particularly when administered with food. Based
on gamma-scintigraphy evidence, it was claimed that a pellet for-
mulation of metoprolol had shorter gastric emptying times and
longer total intestinal residence times than tablets (Abrahamsson
et al,, 1996). These findings however may not be as clear cut as the
authors suggest as they allowed the volunteers to take a second
meal before all the preparations had left the stomach. Such a proto-
colis notideal, as the second meal canresultin the instigation of the
‘fed’ status in the stomach which will influence the gastric empty-
ing process of any pellets or tablets which are in the stomach when
the food is ingested. In contrast to these papers, Dethlefsen et al.
(1989) and Schmidt et al. (1989) provided evidence that sustained
release tablets of theophylline performed better than pellet prepa-
rations. There are, however, a greater number of papers which claim
that tablet and pellet preparations are equivalent, usually based
on bioavailability studies or clinical performance (Graham, 1979;
Upton et al., 1979; Conrad et al., 1982; Newth and Isles, 1982; Duta
and Tilley, 1983; Saccar et al., 1983; Edwards et al., 1983; Green
et al., 1984; Henneghien et al., 1985; Selen et al., 1985; Tinkelman
et al., 1985; Jonkman et al., 1988; Welch et al., 1988; DeBernardi
et al., 1997; Marakhovskii et al., 2005). Such findings are not too
surprising when most of these papers were often trying to show
that a new product was equivalent to an existing product. Where
the two types of preparation differed in their performance, there is
no certainty that the actual products tested were in fact optimum
for the particular systems being tested.

A study which involved the measurement of gastro-intestinal
transit by gamma-scintigraphy and plasma levels, claimed to show
that a novel pellet formulation (no dimensions provided) of 5-
aminosalicylic acid reached the target site of the ileo-caecal region
at approximately the same time as the branded tablet formulation
used as the standard (Brunner et al., 2003). The lower AUC value for
the pellets in comparison to the tablets was suggested to be due to
their slower in vitro release rate. There could be some issues with
these conclusions for gastric transit as the images were taken at 20
or 30 min intervals and there was no indication of how the various
gastro-intestinal times for the tablet or pellets were identified. The
time values given could have been the first or the last time a tablet
or the stated pellet level was seen in a particular region or the mid-
time of the observation of the last time seen and the last time not
seen at a particular region.

Thus there appears to be no great difference in the perfor-
mance of multi-particulate and tablet dosage forms. It therefore
poses the question as to whether all the claims for benefit of the
multi-particulate formulations are valid. Of the several claims listed
above, Iwill restrict my consideration to that associated with gastric
emptying.

2. Gastric emptying of pellets

The process of gastric emptying is of fundamental value to
ensuring that the supply of nutrients and fluid to the body is

maintained. The currently accepted concept in the pharmaceutical
literature is set out by Higaki et al. (2008) and reflects the views set
out by Camilleri (2006). This involves what has been described as a
repeating cyclic pattern (Phases|, II, Ill and IV) of contractile activity
in the stomach, the Migrating Motor Complex (MMC) and the ability
to overcome the resistance of the pyloric sphincter. These workers
(Higaki et al., 2008) suggest that “in the fed and fasted state, gas-
tric emptying is governed by antral motility in conjunction with
pyloric resistance and duodenal feedback mechanism. In the fed
state, the MMC is largely abolished: however low amplitude con-
tractions facilitate gastric emptying of small solid particles through
the pylorus.” They went on to develop a model for the time depen-
dence of oral absorption based on gastric motor activity (Higaki et
al., 2008). They included a concept, often reported in the pharma-
ceutical literature, that there is a limiting size of particles that can
empty from the stomach in the fed state and they cited previous
studies (Rhie et al., 1998; Choe et al., 2001) based on pharmacoki-
netics of drug absorption to claim that emptying 0.7 mm particles
from the stomach occurred in the fed state, while 3.6 mm particles
emptied following the onset of a particular phase (Phase II) of the
fasted state. While these studies appear to suggest that pellets of
0.7 mm empty while the stomach is in the fed mode, there were no
actual measurements of the position of the pellets in the GI tract,
or their emptying from the stomach. Choe et al. (2001) presented
data to show that there was no difference in the gastric emptying
of the two sizes of pellets in the fasted state but significant differ-
ences in the ;1 when the volunteers took the pellets with either
a small liquid meal or standard meal. A previous study (Damle et
al,, 2001) found that on average didanosine formulated either as
enteric-coated pellets (diameter 2 mm) or enteric-coated tablets
(5mm in diameter) indicated that the drug was absorbed faster
from the beads than the tablets when administered to fasted vol-
unteers. In contrast with Choe et al. (2001) and Rhie et al. (1998)
however, they found that tablets emptied faster,0.17-1.67 h (mean
0.55h) than the beads, 0.33-3.33 h (mean 0.81 h). The studies use
the pharmacokinetic results to support their findings and average
values of the parameters considered (Rhie et al., 1998; Choe et al.,
2001; Higaki et al., 2008). This does not mean that the effects they
report occur in every individual on every occasion.

There are numerous gamma-scintigraphy studies which show
that, the presence of food delays gastric emptying, usually judged
by t5g values of pellets of the usual size range (0.7-1.4 mm) (Hunter
et al, 1982; Davis et al, 1986a,b, 1987; Kaniwa et al., 1988;
Devereux et al., 1990; Digenis et al., 1990; Wilding et al., 1991,
1992a; Coupe et al.,, 1993; Yuen et al., 1993; Kenyon et al., 1995;
Meyer and Lake, 1997; Meyer et al., 2001). This delay was also
demonstrated for pellets as small as 0.10-0.5mm (Beten et al.,
1996) and as large as 3 mm (Blok et al., 1991). If the results for the
time before any pellets empty from the stomach (the lag time) are
considered, there was no significant difference whether the pellets
were administered in the fasted or fed state (Devereux et al., 1990)
nor was there any significant difference in the lag times between
0.5 and 4.75 mm pellets administered in the fasted state (Clarke et
al., 1993). In contrast to these results, it was found that, administra-
tion of pellets after food resulted in lag time for gastric emptying of
pellets being longer than those administered under fasted condi-
tions (Kaniwa et al., 1988). This extension of the lag time for dosing
pellets in the fed state was also observed by Yuen et al. (1993) but
not for all volunteers.

The gastric emptying of pellets from the stomach has been found
to be longer in fed than fasted volunteers, but these results may
have been influenced by the fact that, due to the prolonged delay
in completion of gastric emptying in some of the fed volunteers,
the volunteers received a second meal before all the pellets emp-
tied from the stomach (Devereux, 1987). This resulted in the onset
of fed state, which in several cases extended times for the emptying
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of the pellets. We had an extreme example of this in an unreported
study, where because the protocol was set up to evaluate the blood
levels of a drug in addition to gastric transit of the pellets, a stan-
dardised feeding routine of 4 h after administration of the dosage
form was used. In this study for 2 of the 6 volunteers, no pellets
(1.0-1.4mm diameter) had emptied from the stomach at 4h and
even with a further meal, at 8 h, such that these individuals still had
100% of pellets in the stomach at the end of the 12 h of the study. It
is difficult to accommodate this data into the usual average system,
but omitting these 2 volunteers from the results put a different per-
spective on the conclusion. Thus the concept that pellets less than
2mm can empty from the feed stomach, did not apply in these
cases. Coupe et al. (1993) also noted variations in the behaviour of
volunteers in terms of when pellets emptied in association with the
emptying of food.

In a study of pancreatin preparations available on the market
(Pancrease, pellet diameter 2.0 mm, and Creon 20, pellet diame-
ter about 1.18 mm diameter), it was noted that, gastric emptying
of radio-labelled model pellets of equivalent diameter taken in
association with the two preparations, determined by gamma-
scintigraphy, indicated that there was no significant difference in
the emptying parameters determined by fitting an exponential
function to the data between the two pellet diameters (Meyer and
Lake, 1997). The use of the curve fitting system can be questioned
as gastric emptying of pellets is rarely exponential, as can the fact
that some of the individual results provided ts¢ values consider-
ably in excess of the time used to monitor the gastric emptying (e.g.
526, 634 and 872 min, compared to monitoring time of 300 min).
They had reported the same equivalent gastric emptying behaviour
for these two preparations in a previous study, based on gamma-
scintigraphy but using the ./area under the % pellets in the stomach
as a function of time as a quantification of the gastric emptying pro-
cess(Meyeretal., 2001). Both these studies involved administration
of a lipid component as a component of the feeding conditions.
The percentage of pellets leaving the stomach in the first 150 min
was significantly lower (paired t-test) than the percentage of radio-
labelled oil. The similarity in the gastric emptying of these two
preparations goes some way towards the observation that they per-
formed with similar effectiveness in the clinical situation (Duta and
Tilley, 1983; Beverley et al., 1987; Williams et al., 1990; Bruno et
al., 1998). Hillel et al. (1998) incorporated resin beads of diame-
ter 0.3-1.18 mm into capsules containing the 2 mm Creon pellets
to compare them with the radio-labelled food to the gastric emp-
tying behaviour. In 4 out of 5 cystic fibrosis patients, the pellets
had t59 emptying values less than the food, whereas the remain-
ing patient had a t5¢ value greater for the pellets than the food. A
higher mean value of t5g for radio-labelled pellets (2.00 diameter)
mixed with 2.0 mm pancreatin pellets than radio-labelled food was
observed in healthy volunteers (Halm et al., 1999). It is difficult to
say whether it was the food or the pellets that had the higher tsq
values in the case of the subjects with pancreatitis in this paper as
there is an uncertainly in the tsg values in Tables 1 and 2 of their
paper, although the graphs (Fig. 1 in their paper) for the gastric
emptying process do show that the pellets tend to empty faster
than the food in the subjects with pancreatitis. The values for the
14C0, breath test to measure the enzyme function, do show that
on average the release is faster in the case of the volunteers than
the patients, which tends to indicate that pellet transit is faster in
the healthy volunteers than the patients, in spite of their reported
slower gastric emptying (Hillel et al., 1998). The clinical signifi-
cance of administration of pancreatin pellets <1.25 mm as opposed
to the standard formulation of pellets >1.25 mm failed to identify
any significant effect (Halm et al., 1999).

The simple concept of there being a cut off dimension of 2.0 mm
which is based on studies with fistulised dogs (Meyer et al., 1979,
1985) as pointed out by Coupe et al. (1993), may not give the full

Table 1

Gastric emptying results based on simulated emptying profiles presented in Fig. 1.
The “exact” values are taken from the simulations (see Fig. 1), whereas the
“estimates” are calculated on the basis of different time intervals between measure-
ments. t5o = time for 50% of pellets to have emptied from the stomach, lag time = time
for 10% of pellets to have emptied from the stomach, n.d. an estimate cannot be
calculated.

Measuring interval Volunteer 1 Volunteer 2 Volunteer 3
tso values
Exact value 13 min 34 min 35min
5min 13 min 34 min 35min
10 min 15 min 34 min 32 min
15 min 10 min 35min 32 min
20 min 12 min 33 min 26 min
25 min 14 min 37 min 29 min
30 min 16 min 37 min 34 min
Lag times
Exact value 10 min 23 min 15 min
5min 10 min 20 min 15 min
10 min 10 min 20 min 10min
15 min n.d. 15 min 15 min
20 min n.d. n.d. n.d.
25 min n.d. n.d. n.d.
30 min n.d. n.d. n.d.

picture. There is a need to identify with greater certainty the rela-
tive effects of the movement of materials in the stomach and the
situation at the pyloric sphincter. Studies involving monitoring gas-
tric motility such as those by Coupe et al. (1991), Rhie et al. (1998),
Higaki et al. (2008) and Goodman et al. (2010) will provide some
assistance with the understanding of what is happening. Gastric
motility studies however, are not without their problems. They are
invasive and can cause disturbance of the gastro-intestinal motility
they are trying to measure. Both Rhie et al. (1998) and Higaki et al.
(2008) also used pharmacokinetics parameters as opposed to direct
observation to identify gastric emptying of the dosage form, the
latter paper used viscous calorific liquid feeds as opposed to solid
meals and seems only to have monitored motility for 4 h. Values
in excess of 4h have been observed for the complete emptying of
pellets from the stomach, even in the fasted state (Devereux, 1987;
Clarke et al., 1993, 1995). Coupe et al. (1993) attempted to answer
the question as to whether pellets emptied from the stomach with
food, by administration of radio-labelled pellets (0.8—-1.1 mm diam-
eter) and the food and followed emptying by gamma-scintigraphy,
while monitoring gastric motility with a pressure sensitive device
which allowed remote collection of data. They found that in 2 of
the 8 subjects pellets and food emptied at similar rates, whereas
in 6 of the subjects the pellets emptied from the stomach at a
slower rate. When the gastric emptying of 3 and 10 mm tablets
were monitored in association with a solid meal, Podczeck et al.
(2007) found that the tablets invariably emptied after the food had
left the stomach. In a study of the influence of feeding conditions
on the gastric emptying of a10 mm diameter tablet and food deter-
mined by gamma-scintigraphy, where gastro-intestinal motility
was also monitored for at least 6 h, Mitchell (1997) found that
identification of the phases of gastric motility was subjective. The
indications were that the emptying of the10 mm tablets occurred
in a different phase of the motility cycle, depending on what was
co-administered with the tablet, a simple 5% dextrose solution, a
nutrient drink or a solid meal. The most consistent was the simple
dextrose solution, with 7 out of 10 subjects tablet emptying occur-
ring in Fed/Phase II, 2 in Phases I and 1 in Fed/Phase II. For feeding
with beef extract, the tablets emptied in Phase I (1), Phase II (3),
Phase II/III (1), Phase II/Fed (3) and Fed (2). For feeding with the
solid meal (Shepherd’s pie) each of 4 subjects emptied the tablets
in fed and Fed/Phase II, while the remaining two subjects emptied
the tablets in either Phase I or II. There is clearly more work to be
done to relate gastric motility to emptying of dosage forms.
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Fig. 1. Simulated pellet gastric emptying data for parameter determination as listed in Table 1.

3. Problems of the assessment of the literature values for
gastric emptying of pellets taken from gamma-scintigraphy

Many of the publications reporting gastric emptying studies
quote gamma-scintigraphy as being the “gold standard” approach.
It must however always be remembered that it does not identify
anatomical features, has limitations of resolution and is sensitive
to how the observations are made. As early as 1982 it was noted
that the position of the volunteer, whether upright or supine was
important (Hunter et al., 1982).

Rather than reviewing in detail individual papers, I should like
to point out some general issues with the interpretation of the
reported data from gamma-scintigraphy studies. The basic system
involves observing the body through a collimator, which focuses
any emitted gamma rays onto a large scintillation crystal of thal-
lium activated sodium iodide, which is coupled by light guides to
an array of photomultiplier tubes. The output from these tubes is
connected to image forming electronics and it is these that are
observed. It is possible to use a source of different energy levels
thus allowing simultaneous monitoring of different dosage forms
and/or food. Spatial resolution of the source of the gamma rays falls
away as its distance from the collimator increases. Also body tis-
sues attenuate the transited energy levels, and a different result
will be obtained if an anterior or posterior image is taken. To avoid
the problem of delay in taking first one image then the other, dou-
ble headed cameras are sometimes used in the studies (Devereux,
1987; Devereux et al., 1990; Clarke et al., 1993, 1995; Yuen et al,,
1993; Mitchell, 1997; Podczeck et al., 2007). The time taken to
acquire an image depends on the activity of the source, the higher
the level, the shorter the time. Typical times vary between 30s
and 5 min. The likelihood of the source changing its position dur-
ing imaging increases with the length of time required to obtain
an appropriate count level. To reduce the possible adverse effects
on the subjects, levels of radio-activity used are usually restricted
to a level that is acceptable to the appropriate committee. Thus
the time taken to obtain the image and the time between images

are an important factor in the determination of gastric emptying,
the longer the time between measurements, the less accurate are
the results. This is also illustrated using the simulation shown in
Fig. 1 where theoretical gastric emptying curves are presented. The
estimates for the time for 50% of the pellets to empty from the stom-
ach (tsg) for different observation intervals are given in Table 1.
As can be seen for volunteer 3, t5o values are in fact meaningless
due to the biphasic emptying curve i.e. whether and which curve
parameters to use is another issue in data evaluation and will be
discussed later. The need for frequent measuring intervals becomes
even more obvious when comparing the lag timesi.e. the time spans
until 10% of pellets have been emptied from the stomach. These can
only be determined accurately with 5 or maximal 10 min measure-
ment intervals. Clearly it is difficult to compare studies that use
different times of observation.

Another advantage of making frequent observations is associ-
ated with the identification of the position of the pellets within the
subject. The stomach is not a static organ in terms of position and
size. To identify the proportion of pellets that remain in the stom-
ach, the usual procedure is to identify a “region of interest”, and
obtain the count value as a % of the original count. This can be quite
subjective. Drawing this region is critical, too small and the pellets
could be considered out of the stomach when they are in fact still
there, too large and the pellets could be counted as in the stomach
when in fact they have left. The movement involved with emp-
tying can be quite small, and taking frequent measurements does
help with the identification of the position of the pellets within the
Gl tract.

As noted by McConnell et al. (2008), the approach of Davis et
al. (1986a,b) using a meta-analysis of the literature values for gas-
tric transit data results in “mean values from pooled data with
different methodologies and is often taken out of context.” They
compared the values for small intestinal transit time of non-
disintegrating pellets of 1-1.4 mm diameter in 1 individual on 8
occasions (McConnell et al., 2008). They demonstrated that the
average range quoted by the meta-analysis was obtained, but that
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this value only occurred in 2 of the 8 occasions. A similar approach
for the gastric emptying taken from the results of Devereux (1987)
and Clarke (1989), and the mean values and range of values in min-
utes of the lag time before pellets started to empty t;, the time for
50% to empty from the stomach tsg and the time for the pellets
to completely empty from the stomach tcomp was determined. The
values for pellets of 1.0-1.4mm in diameter, taken under fasted
conditions by the same volunteer on seven different occasions are:
tp 71.6 (40-71.6), t50 122.9 (64-185) and tcomp 168.6 (88-220) min.
Clearly there is considerable variation in the same individual on
the different occasions in spite of attempts to standardise the con-
ditions associated with the observations and such an observation
is a common feature of many of the publications. In an unreported
study comparing two coatings of pellets under fasted conditions,
we had 1 volunteer who emptied from the stomach what must
have been the complete capsule containing pellets by 3 min, while
in the second arm of the study, there was a lag time of 180 min
before emptying started.

Another problem associated with the use of average values was
pointed out by Podczeck and Newton (1996). The average curve for
the % of pellets remaining in the stomach with time are reported by
several authors (e.g. Davis et al., 1984, 1987; O'Reilly et al., 1987;
Wilsonetal., 1989; Caneretal., 1991; Wilding et al., 1992a,b; Meyer
etal.,2001) as opposed to curves for a given individual (e.g. Hunter
etal., 1982; Jenkins et al., 1983; Blok et al., 1991; Clarke et al., 1993,
1995; Coupe et al., 1993; Yuen et al., 1993). Kenyon et al. (1995)
fitted an exponential function to the graphs, for average gastric
emptying curves, yet not one of the individual sets of the results fol-
lowed such a curve as was noted by Podczeck and Newton (1996).
The use of average curves can clearly lead to misinterpretation of
the nature of the gastric emptying process. Coupe et al. (1993) had
in fact warned of the potential dangers of using average curves but
this appears to have gone unheeded in many instances, even by
members of the same group of workers. An extreme example is
provided where average curves, with only 3 time intervals do not
reflect the true situation for the gastric emptying of pellets (Wilson
etal., 1998). The use of an exponential function to model the gastric
emptying of pellets also provides a limitation to the model used by
Watanalumlerd et al. (2007). In their approach to model the phar-
macokinetics and simulation of transit effects of mixed immediate
release and enteric-coated pellet formulations. Similar limitations
in the use of pharmacokinetics also apply to those papers which rely
solely on this type of analysis to arrive at times for gastric emptying
e.g.Pehand Yuen (1996), Rahman et al. (2005). The values provided
are only an approximation of what is actually taking place.

Coupled with the use of curves for each volunteer, Podczeck et
al. (1995) demonstrated that, a better approach which allowed the
use of the whole of the curve representing the % of pellets remain-
ing as a function of time was to use statistical moments to calculate
the Mean Gastric Residence Time (MGRT) and the Variance of the
Gastric Residence Time (VGRT). Such an approach allows for the
considerable variation in the shape of the gastric emptying curves,
which often appears associated with clusters of pellets moving
rather than a constant stream. This fits the concepts of the presence
of intermittent contractile pulses known to occur in the stomach
(Borley, 2005).

There are also issues with defining the gastric emptying curves.
As pointed out with the clinical use of gamma-scintigraphy, there
are issues of cost associated with such studies (Abell et al., 2008).
There are also problems of maintaining the volunteer in a constant
position over prolonged periods of times. Therefore many studies
employ considerable intervals between observations to allow sev-
eral volunteers to participate in the study on one day as opposed
to continuous monitoring of an individual volunteer. While exter-
nal markers on the volunteers are used to identify the position
of the volunteer in association with the gamma-camera, reposi-

tioning is not the only issue. The position and the dimensions of
the stomach are known to change with time (Borley, 2005). By
monitoring regularly, it is possible to ensure a more reproducible
assessment of when material exits the stomach. There is certainly
some tedium involved for the volunteer with frequent monitoring,
but the rewards in terms of the quality of the results in understand-
ing they provide, are well worth the effort.

4. The current situation

There is clearly more work to be done to support the claim
that pellet formulations will always function better than single
unit dosage forms in terms of gastro-intestinal transit. The sim-
plistic claim that there is a limiting dimension of 2 mm which
always allows gastric emptying of pellets with food, and that pel-
lets smaller than this empty in a first order process as if they were
a liquid, often quoted, cannot be justified by the existing literature.
The reasons for this are associated with the physiological process of
gastric emptying and the classical description reported in much of
the pharmaceutical literature does not fully explain what is actually
happening. A better understanding should come from the mathe-
matical modelling of Pal et al. (2004), coupled with MRI studies
reported by Pal et al. (2007). In this work the internal structure
and the changes in dimension occurring in the stomach are consid-
ered, not just the pressure changes monitored in motility studies.
Higaki et al. (2008) claimed that the concept of the “Magenstrasse”
was not helpful in explaining the absence of significant levels of
drug plasma levels. However, I think that this approach is still the
best way forward to date. Limited assistance will come from gen-
eral clinically studies of the process which are usually concerned
with the identification of changes in gastric emptying or motility
in patients and the best use of resources. The “Consensus recom-
mendations for gastric emptying Scintigraphy”, a joint report of
the American Neurogastroenterology and Motility Society and the
Society of Nuclear Medicine (Abell et al., 2008) describes proce-
dures that have been accepted for this function. The procedures
described would not however be of much value in the evaluation
of the gastric emptying of dosage forms. The selection of only 4 time
points is included “to alleviate some of the concerns at some imag-
ing centres that GES is too time consuming, and the efficiencies in
camera use are associated with little loss of test accuracy.” (Abell
et al., 2008), but would be totally inadequate to identify what was
happening to dosage forms. The need to monitor the movement
of differing segments of the stomach, the dimensions of the pyloric
sphincter, the position of the dosage form and the food in the stom-
ach, the motility status of the gastro-intestinal tract, coupled with
the measurement of the absorption of the drug, provides a com-
plex study. While such a study could provide knowledge what is
actually happening, it might not add much to improving the treat-
ment of the patient. At the moment both well formulated multi-unit
and single-unit systems appear to offer an approach to providing
controlled release oral dosage forms.

5. Conclusions

The issue of how pellets empty from the stomach is not as
well defined as the secondary pharmaceutical literature suggests.
Claims that pellets smaller than 2 mm will empty from the stom-
ach as if they were liquids in the fed state cannot be supported by
the literature. Closer examination of the experiments used to pro-
vide these claims shows that there can be flaws in the design of the
study protocol and/or analysis of the data. There is need to identify
in greater detail, with improved monitoring techniques, just what
is happening before a final explanation of the reasons for the con-
siderable variation of the way multi-particulates empty from the
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stomach under fasted and fed conditions can be answered. There
is, however, clear evidence that pellet formulations can be used to
provide effective controlled release oral formulations.
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