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ABSTRACT 

The g a s t r i c  emptying of p e l l e t s  analogous t o  those used i n  

sustained release preparat ions has been s tudied in viva, using 

gamma scintigraphy. 

d i t ions ,  the p e l l e t s  may not  necessar i ly  empty from the stomach 

i n  a randomized manner. 

The r e s u l t s  show t h a t  under c e r t a i n  con- 

INTRODUCTION 

Controlled release dosage forms may be conveniently divided 

i n t o  two types; the  s i n g l e v n i t  dose, and the multiple-units 

dose (1). The s ingle-uni t  dose i s  exemplified by matrix t a b l e t s  

which release the drug during t h e i r  passage through the gastro- 

i n t e s t i n a l  t r a c t ,  bu t  do not  d i s in tegra te .  The multiple-units 

dose cons is t s  of many coated p e l l e t s  o r  c r y s t a l s  contained i n  a 

t a b l e t  o r  capsule,  designed t o  d i s in t eg ra t e  upon ingestion. 
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752 HUNTER, FELL, AND SHARMA 

One advantage of the multiple-units type of formulation is 

said t o  be i t s  independence of the variable e f f ec t  of gas t r i c  

emptying. 

through the pylorus when closed ( l ) ,  behaving as though a sol- 

ution had been administered (2). 

The pe l l e t s  a r e  said to  be s m a l l  enough to  pass 

Recently, a technique has been described that allows the 

visualization of dosage forms in v ivo  (2) (4). It was noted 

(4) t ha t  capsul.es t ha t  disintegrate rapidly in vitm, do not 

necessarily disperse w e l l  i n  the stomach. 

t h i s  paper examines the influence of fasting and non-fasting 

conditions and patient posture on the in vivo behaviour of 

capsules containing pe l l e t s  analogous to thoss used i n  multiple- 

uni ts  dosages. 

The work reported i n  

MATERIALS AND METHODS 

Amberlite res in  (IRA-410 B.D.H. Ltd, Poole, England), was 

sieved to give a s i z e  f ract ion of 690-850 pm. 

the material w a s  1.18 g/cc (Air Comparison Pyznometer, Beckmann 

Ltd). This material was  labelled with '9"Tc as described 

e a r l i e r  (4). 

by hand, into No 4. hard gelat in  capsules. T!ie disintegration 

t i m e s  of the capsules (B.P. 1980) was  approx .2 min. 

Two male subjects were used f o r  the study. 

The density of 

Samples of 0.1 g of the labelled resin were packed, 

The capsules 

were administered with 100 m l  of water a f t e r  an overnight f a s t ,  

or  immediately a f t e r  a breakfast consisting oE 40 g cornflakes, 

200 m l  milk and 6 g sugar. 

supine, o r  seated i n  such a manner as to  a l lov the abdomen to  

The subjects were placed e i the r  
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GASTRIC EMPTYING OF PELLETS 753 

be scanned wi th  a g m a  camera (Med TI, Nuclear Data Inc) .  

were c o l l e c t e d  f o r  60 min a t  1 min i n t e r v a l s  and s to red  on a 

magnetic d i s c .  

l o g  % r a d i o a c t i v i t y  remaining i n  t h e  stomach a g a i n s t  t i m e ,  

co r r ec t ing  f o r  i s o t o p i c  decay. 

g a s t r i c  emptying were determined by r eg res s ion  ana lys i s .  

Data 

Gas t r i c  emptying w a s  determined by p l o t t i n g  

F i r s t  o r d e r  rate cons t an t s  f o r  

RESULTS AND DISCUSSIONS 

Typical g a s t r i c  emptying curves are shown i n  Figure 1 

showing a la,g t i m e  be fo re  emptying occurs.  

f i r s t  o rde r  emptying cons t an t s  a r e  given i n  Table 1. 

The l a g  times and 

For s u b j e c t  1, a f t e r  a n  ove rn igh t  f a s t  and i n  t h e  supine 

p o s i t i o n ,  t h e  capsule  con ten t s  were emptied r a p i d l y ,  as a whole, 

i n t o  t h e  duodenum. 

con t r ac t ions .  After t h e  meal, t h e  capsu le  con ten t s  d i spe r sed ,  

and emptied a t  a slower rate. 

p o s i t i o n  no g a s t r i c  emptying occurred i n  t h e  60minperiod when 

the  capsule  was taken a f t e r  t h e  meal, a l though the  capsule  con ten t s  

dispersed,  but on a f a s t i n g  stomach, emptying occurred a f t e r  a 

lagt ime of 35 min. 

This could be seen t o  be due t o  a c t i v e  p y l o r i c  

When s u b j e c t  1 was i n  a n  up r igh t  

Subject  2 showed slower emptying rates than s u b j e c t  1. I n  

the  u p r i g h t  p o s i t i o n  no g a s t r i c  emptying was observed i n  the  

60 min per iod of study. 

A comparison o f  t he  emptying rates of both s u b j e c t s  i n  t h e  

supine p o s i t i o n  (TABLE 1)  shows that f o r  s u b j e c t  1, t h e  rate 

was g r e a t e r  i n  t h e  f a s t i n g  cond i t ion  whereas f o r  s u b j e c t  2 t h e  

r e v e r s e  was t rue .  This is be l i eved  to be due t o  d i f f e r e n c e s  i n  
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I 

\ 
0 

FIGURE 1 .  

Typical Gastric Emptying Curves, logX radioactivity in  
stomach vs Time (Subject 1 ) .  

= Subject upright, fastin&. 
H = Subject supine, fasting. 

stomach mobility between the subjects. 

fasted the dosage preparation lodges between the rugal folds of 

the stomach ( 5 )  and remains s t a t i o n q y  (3). Dispersion is  then 

limited to  the surrounding mucus. 

When the stomach i a  

The emptying of the preparation 

i s  now dependent upon the pyloric contractior.s of the stomach, 
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GASTRIC EMPTYING OF PELLETS 755 

Table 1. VALUES OBTAINED FOR GASTRIC EMPTYING RATE CONSTANTS 

AND LAG TIMES 

Subject Stomach Kg(mih1) Lag time (min) 
Condition Supine Upright Supine Upright 

1 Fasting 0.095 0.077 0 35 

- 0 

0 

15 

1 After meal 0.007 - 
- 2 Fasting 0.001 - 
- 2 After meal 0.20 - 

Kg f i r s t  order g a s t r i c  emptying rate constant  

- = no emptying during the 60 min study period 

which bring about c learance of the mucus i n t o  the duodenum. If 

these contract ions are rapid as i n  the  case of subject  1, there  

is  a grea te r  chance t h a t  the  dosage form w i l l  be emptied rapidly. 

as a whole. If ,  a s  i n  subjec t  2, they are less ac t ive ,  then 

g a s t r i c  emptying w i l l  be more dependent upon the dispers ion of 

the dosage form contents.  

a grea te r  dispers ion medium, g a s t r i c  emptying i n  t h i s  subject ,  

i n  the supine posi t ion,  w a s  more rap id  a f t e r  the meal. 

subjec ts  however, the dispers ion of the dosage form within the  

stomach was  aided by the presence of the meal. 

Since the  l i qu id  of the  meal provides 

For both 

Bead l i k e  preparat ions such as those employed i n  the 

cur ren t  study a re  u t i l i z e d  i n  control led r e l ease  preparat ions to  

randomize emptying from the  stomach. 

ind ica te  t h a t  t h i s  w i l l  no t  be the  case i f  the preparat ion i s  

The r e s u l t s  discussed above 
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756 HUNTER, FEU, AND SHARHA 

given to  a fast ing subject who exhibits rapid pyloric contract- 

ions. Under such conditions, a high percentage of the pe l l e t s  

would be emptied together. 

variable process,even within a single subject; t h i s  rapid 

emptying i s  similar t o  that  reported fo r  other capsule 

formulations (3, 6) and i s  therefore l i ke ly  KO be a frequent 

occurrence. 

an adequate volume of l iquid should be given along with the 

Although gas t r i c  emptying is a 

T o  maximise the possibi l i ty  of .candomized emptying, 

dosage form. 

Placing the subject i n  an upright position had i n  a l l  

cases an inhibitory e f f ec t  on gas t r i c  emptycog. 

generally held view that  the presence of a meal invariably in- 

h i b i t s  the gastr ic  emptying of a dosage form (7). 

would obviously depend on the type of meal, this  study suggests 

t ha t  body position may make an important contribution to th i s  

effect .  

It is  a 

Although t h i s  

These studies provide an insight into t'ze behaviour of a 

dosage form i n  the human stomach. They suggest t ha t  research 

needs t o  be directed not only t o  improving the formulation of 

dosage foxma, but a lso to methods of optimizing the i r  behaviour 

i n  the stomach by the control of physiologicsl conditions. 
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