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The gastrointestinal wansit of a pellet formulation and an osmotic pump device 
(@met) has been evaluated in 6 subjects using the technique of gamma scintigraphy. 
The two formulations were label?4 with different radionucllides so that they could 
be monitored concurrently. The transit from the stomach through the small intestine 
to the colon was influe!lced by the nature of the meal taken shortly before dosing. 
On a light breakfast the pellets and osmotic deGces were empti~ quite rapidly. 
However, following a heavy breakfast the pellets were emptied more slowly while the 
osmotic devices were retained in the stomach for approximately 10 h. Transit 
behaviour is discussed in terms of the known physiological determinants of gastroin- 
testinal motility and the concept of the ‘reserve length’ for drug absorption. 

Introduction 

The biological availa”ai!ity of a drug will be influenced by a variety of p;lthologi- 
cal, physiological and pharmaceutical factors (Mayersohn, 1979). Important among 
the physiological factors are gastric rendence time and intestinal transit. Indeed 
recently Ho and others (1977) and ~igt~chi and others (1979) have introduced the 
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concept of the ‘reserve length’ for abso~tion (defined as the anatomical length over 
which absorption could occur, less the length at which absorption is complete) and 

vihe dependence on factors such as bulk flow rate, the spreading of the dose in the 

intestines and the permeability coefficient of the drug. They stressed that proper 

dosage form design should take into account the reserve length concept and 

observed that since few drugs were absorbed significantly from the stomach or the 

colon, this length would have a maximum value of about 300 cm in man (the length 

of the smaff intestines). Efficient absorption would give a large reserve length while 

spreading of the dose would tend to increase the length at which absorption would 

he complete and ,thereby decrease the reserve length. Methods for calculating the 

optimum particle size of a drug suspension to give release (dissolution) and drug 
absorption within the reserve length have been described (Higuchi et al., 1979). 

However, in order to apply such a concept properly it is important to have 

experimental data from man on gastrojntestinaf transit times and the spreading of 

administered dosages. 
The gastrointestinat transit of a pharmaceutical dosage form will depend not only 

upon the size, shape and nature of the system (single unit, or muftiparticufate) but 

iifs upon physiological factors, the most important being the presence or absence of 

food in the stomach (Hechgaard, 1982; Davis et al., 1984a). The stomach is able to 
empty different materials at different rates even though they might have been taken 

~;imuftaneousl~~. Liquids are emptied quite rapidfy but digestible materials need to be 

broken down to a size of about 1 mm or less before they are allowed to pass into the 

duodenum. Thus pharmaceutical dosage forms of a size greater than 2 mm taken 

with or shortly after a meal would be expected to be retained in the stomach 

throughout the postpmndial period and to be emptied only when the stomach was 

empty of food (Keif>. 1981). In contrast, a solid dosage form administered to a 

fasted stomach or following a fight meal may be emptied rapidly from the stomach 

;md pass quickly through the small intestines to the colon (Hunter et at.. 1981). 

A special mecfranism called the interdigestive myoefectric complex or ‘housekeeper 

wave’ can produce powerful contractions in the gastrointestinal tract that will sweep 

indigestible material :‘rom an empty stomach past the pylorus into the duodenum. 
f_atcr waves of the complex will move the material rapidly down the small intestine 

into the colon (SzursLewski, 1969). Indeed it is possible to deliver a radiolabeffed 

\ofution from mouth to the caecum in an average time of 80 & 7 min (n = 14) 

(<*aride et al., 1982). When meals of different enorgy content are ingested the rate of 

gastric emptying is such that the number of calories delivered to the duodenum 

tends to be constant with time (Hunt and Stuhbs, 1975; Kelly, 1981). That is a heavy 

meal will be emptied over a much longer period of time than a fight meal (Christian 

et al.. 1980). In addition certain foodstuffs, in particular fats are believed to have an 

inhibitory effect cm gastric emptying {Kelly. 19811. 

The transit of material through the intestines is less well defined (~~isbrodt, 

f9Xf) although mixing of cctntents can occur both in the smuff intestine ancf the large 
inte\tmc (Halls. 1955). A change in intestinal motility can be brought about by 

eating and hwnone~ released hv the presence of different foods has been proposed 
(Wcishrodt. 1981). 
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In the past X-ray methods using radio-opaque dosage forms (usually made with 

barium sulphate) have been popular as a means of exploring the gastrointestinal 

transit of pharmaceutical systems (Wagner et al., 1958: Gaieone et al., 1981). 

However, this method suffers from a number of disadvantages (Christensen et al.. 

1984a) and more recently the technique of gamma scintigraphy has become a 

popular alternative (Hunter et al., 1981, 1982: Dig&s. 1982; Bechgaard, 1982; 

Wilson et al., 1984; Christensen et al., 1984a and h; Davis. i983: Davis et al.. 1984a 

and b). 

In the present study the gastrointestinal transit of a pellet system and a single unit 

osmotic pump (Osmet) (Eckenhoff and Yum, 1981) have been followed. The two 
formulations were labelled with different radionuclides and dosed concurrently 

following standard light and heavy breakfasts. The use of gamma scintigraphy to 
follow the release of a radiolabelled marker from the osmotic pump has been 

described elsewhere (Davis et al.. 1984b). 

Materials and Methods 

Amberlite ion-exchange resin {IRA 410) from British Drug Houses. density 1.2 

g/cm’ was used as a model pellet system as described by Hunter et al. (1982). The 
material was sieved to provide particles in the size range 0.7-1.2 mm and labelled by 

mixing 1 g with [ “VmTc]sodium pertechnetate (50 MBq) obtained from a generator 
(CIS (U.K.), London). The integrity of the labelled pellets was evaluated in vitro and 

in vivo as discussed by Davis et al. (1984a). The transit behaviour of the pellets has 

also been compared with technetium-99m labelied coated pellet systems (described 

by Christensen (1984)) using 3 human volunteers. Both pellet systems had very 
similar transit characteristics (Davis, 1983). 

The labelled pellets were filled into size 3 capsules to give a fill weight of 140 mg. 

;omprising about 280 pellets, of total activity 2 MBq of technetium-9%. 

Osmet 12-hour systems were obtained from Alma. Palo Alto. CA. These were 

made from a styr~~ne-butadiene copolymer and had a nominal fill volume of 200 ~1. 

The pumps were filled. using a blunt type 25-gauge filling tube attached lo a syringe. 

with a solution of indium-111-labelled diethylenetriaminepentaacetic ac*id (DTP.4) 

to give a radionuclide activity of approximatei!; 4 MBq per unit (Davis ct al., 19841~). 

DTPA was chosen since this chelates indiurr very strongly (Kelly. 198.2) and the 

material is not ilhSO~tit?d from the gastrointestinal tract. 

Siu healthy volunteers (age 19-21 years, I-eight 1.63.-1.X2 m. weight 70-81 kpl 
partil:ipated in the study on two occasions with informed consent. The indium-I 1 I- 
Iabell.ed osmotic pumps and tech~~eti~~~~~-99t~~-l~~belled pellets were aclministcred 
following n standard light or heavy breakfast (Table I). The osmotic pumps were 
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TABLE 1 

Sfu~rdurd hreakfusts 

t.ight hreukfust (cdorific td~~e = IS00 kJ) 

Two toasted slices of white bread lightly buttered and with a scrape of marmalade. 
1 glass orange juice. 

Ilrocy hreukfmt (dorific rmlue = 3600 XJ) 

2 sausages 
1 rasher of bacon 

1 fried egg 

1 fried tomato 
1 piece of fried bread 

Coffee with milk (and sugar if desired) 

administered a few minutes before the pellets in order to obtain a scatter down 

correction factor (see below). The position of the osmotic pumps and pellets within 
the different region:< of the gastrointestinal tract was followed using simultaneou:s 

dual radionuclide imaging by standing the subjects in front of a gamma camera 

having a 40 cm diameter field of view fitted with a medium energy (300 ke\’ 

maximum) parallel hole collimator (Davis et ai., 19X4:1). 
An externai marker made from adhevise tape labelled with approximately 1 MBy 

[Yy”Tc]sodium pertechnetate was attached to the skin overlying the liver to the righl. 

of the stomach. Anterior and posterior images of 60 s duration were taken at suitable 
intervals over a period of 24 h. The data were recorded by computer for subsequent 

analysis. Regions of interest were defined around the images of the stomach and 

colon (ascending and transverse). The activity in these regions was quantified and 

corrected for background activity. The imaging of two radionuclides simultaneously 

requires that a correction be made for the ‘scatter down’ of the activity of the higher 

energy nuclide (indinm-11 1 ) into the energy window of the lower energy tracer. This 

correction factor w:ls estimated by administering the indium-I 11 -Inbelled osmotic 

pumps before the technetium-labelled pellets and imaging in both energy windows 

with indium-111 alone. The corrected technetium counts, and the indium couilts. 

were then further corrected for radioactive decay. The geometric mean of the 

anterior and posterior counts was calculated to give a result that was approximately 

independent of the depth of the activity in the body (Tothill et al.. 1978). The 

volunteers were allowed to drink and eat normally during the course of the study, 

Results and Discussion 

The transit of the pellets and the osmotic pumps through the different regions of 
the gastrointestinal tracts of the volunteers was followed using gamma camera 

imaging. The radionuclide images obtained were similar to those presented and 

described by Daly ct a.l. (1982), Wilson et al. (1084). Christensen et aI. (1984~1). and 

Davis et al. (lY84a itndi b). The emptying of the osmotic pun~p from the stomach and 
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its arrival in the caecum represents a random stochastic process and the approximate 
times for each of the volunteers are given in Table 1. The difference in the gastric 

emptying time and cdecum arrival time allows the estimation of a small intestine 

transit time for 5 out of 6 of the subjects following the light breakfast. The 

pronounced effect cf food intake is very evident. When the subjects were given the 

heavy breakfast all of them retained the osmotic pump in the stomach for approxi- 

mately 10 h. For 2 subjects, gastric emptying occurred between 9 and 11 h, while for 

the remainder, emptying took place at times greater than 11 h. All pumps used were 

found in the colon (usually transverse and descending colon) at 24 h. These results 

have implications for the design of controlled release formulations and the reserve 

length concept. For a fasted individual or one receiving a light meal, a prolongation 

of drug delivery may be of no avail if the dosage form is emptied rapidly from the 

stomach and passes the sites for absorption before the major proportion of the drug 

has been released. 
The data for the transit of pellets have been expressed as the time for 50% to leave 

the stomach and for 50% to arrive at the caecum. The difference between these two 

values is taken as an estimate of transit in the small intestine. This is only an 

approximate figure, especially for the subjects receiving a heavy breakfast, since not 

all the activity had left the stomach before some of the pellets reached the colon. 
Complex deconvolution techniques requiring more frequent imaging would be 

necessary in this case to provide better estimates of intestinal transit. As with the 
osmotic pumps, the effect of food on transit is clear. The pellets emptied much more 

slowly when the subjects were given a heavy breakfast; times for 50% gastric 
emptying were 119 rf: 15 and 285 + 45 min, respectively. The pooled data have been 

plotted in Figs. 1 and 2 as mean +_ S.E.M. for the 6 subjects. 

The degree of spreading of the pellets can be quantified by measuring the 

gradient of the emptying curve at 50% activity (Davis et al., 1984a). The spreading 

Stomarh nsmet 

ou ’ I’.’ ’ ’ ’ ’ ’ 
100 2oc 300 LOO ---&i--O eoo 700 

Time [mln] 

Fig. 1. The gastrointestinal transit of pellets and osmotic devices follow~g a light breakfast. A, data from 

Dew et al. (19X2). (Pellet data, meanfS.E.M., n = 6) 
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factors for the pooled data for the transit of pellets following a light and heavy 

breakfast (Figs, 1 and 2) are 130 and 500, respectively. In a previous publication, 

Davis et al. (1984a) have reported a spreading factor as low as 50 min for similar 

pellets administered to a fasted subject. 
The gastric emptying and eolonic arrival patterns for the osmotic pumps are also 

shown on Figs. 1 and 2 for comparative purposes. Here the data for the 6 subjects 

have been pooled to give a total of 6 units for a given region of the gastrointestinal 

tract. 

The data for the pellet systems are in good agreement with pmvious investigations 
that have employed gamma scintigraphy to follow gastrointestinal transit (Christen- 

sen et al., 1984a; Davis et al., 1984a). For instance. in a preliminary study on the use 

of gamma scintigraphy to follow the gastrointestinal transit of pharInaceutical 

formulations, Christensen et al. (1984a) reported a t soy gastric emptying of 99 + 7 

min and colonic arrival of 304 + 28 min (n = 8) for the pellets given to subjects who 

had taken a light breakfast. The corresponding transit time for the smal) intestines 

was 204 + 31 min. The present study shows that presence of a large quantity of 

digestible food in the stomach increases the mean gastric emptying time for pellets 

(and as a consequence the time for colonic arrival). However, the time for transit 

though the small intestine is unaffected (Table 2). This is in line with the recent 

observation of Read et al. (1982) who failed to show any correlation between gastric 
emptying and transit through the small intestine. Further evidence for the indepen- 

dent nature of transit through the small intestine can be found in the work of 
Christensen et al. (1984a) who have reported a stomach to colon transit time oi 

244 + 28 min (n = 5) for a simple solution formulation and Davis et al. (1984a) who 

reported mean values of 227 t_ 82 (n = 5) and 188 + 23 (n = 5) ft>r the transit of 

pellets and tablets, respectively, in subjects who had received brcahfasts of different 
ealorific values. 
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The gastric emptying and intestinal transit of solid dosage forms has been 
considered by Bechgaard (1982) and Sjogren and Bogentoft (1982). The range has 
been from 30 min to more than 24 hours for gastric emptying. depending on dietary 
intake. A study by Sjogren and Bogentoft (1982) using external scanning has given 
gastric emptying times ranging from 0.5 to 4.5 h (median 2 h) in the fasting state and 
from 2 to 4.5 h (median 4 h) for the fed state. 

Dew et al. (1982) examined the gastrointestinal transit of tablets using X-ray 

methods. Each of 6 volunteers was given 6 tablets and the data for the group were 

pooled. 50% of the tablets were found in the colon after 5 h and 81% after 8 h. These 

data points have been included in Fig. 2 and fit well with the patterns for both the 

pellets and osmotic pumps. 

The derived data can also be examined in terms of the distribution of activity 
within the various regions of the gastrointestinal tract with the reserve length 
concept in mind. An example is shown in Fig. 3 for volunteer 3, who received the 

heavy breakfast. The histograms represent the amount of activity in the 3 designated 

regions (stomach, small intestine and colon). The activity within the osmotic device 

and the released activity (Davis et al., 1984b) have been shown separately. The 

movement and distribution of the pellets, the released solution from the osmotic 

device (and the device itself) from the stomach to the small intestine and thence to 
the colon are demonstrated. The osmotic device remains in the stomach for an 

extended period of time as already discussed. However, the released solution is 
distributed in the gastrointestinal tract in a similar manner to the pellet system. This 

approach to the analysis of scintigraphic data for gastrointestinal transit will be 
examined in further detail elsewhere. 

100 q Pellet5 

I5 q Osmet 

50 q Released 
solution 

0, 
5 25 

i 
m 0 
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Conclusions 

The results of the present study demonstrate clearly the importance of food in 
controlling the gastrointestinal transit of pellet and single unit formulations in man. 
Following a light breakfast pellets and osmotic pump systems are emptied quite 
rapidly and move through the small intestine in about 200 min. .4fter a heavy 
breakfast the pellets empty more slowly from the stomach and as a consequence are 
distributed more widely in the intestines. However, the average transit time in the 
small intestine is still of the order of 200 min. In contrast the single unit osmotic 
pumps are retained in the stomach after a heavy brea.kfast for at least 9 h but the 
released solution is welf distributed to the small intestines and the colon. 

The authors wish to thank Dr. M.L. Wastie, Department of Radiology, Queen’s 
Medical Centre, Nottingham, for advice and helpful ciiscu~sions. 
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