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Gastrointestinal (GI) transit data necessary as ‘‘baseline’’ or ‘‘control’’ information were collected
using pigs as animal models preliminary to bioavailability studies of new sustained action formulations.
Density and size effects of nondisintegrating dosage forms on GI transit were investigated. Initially,
enteric-coated nondisintegrating magnesium hydroxide caplets (density, 1.5 g/ml; size, 19.6 X 9.5 mm;
weight, 1.2 g) were utilized in seven pigs. Prolonged gastric residence (>5 days) occurred in every case
for this dosage form. Therefore, nondisintegrating caplets of three densities (1.25, 1.45, and 2.3 g/ml)
and three different sizes (large, 20 X 10 mm; medium, 10 X 10 mm; small, 5 X 10 mm) were studied
in two more pigs. Roentgenography was used to visualize passage of caplets through the GI tract.
Heidelberg pH capsules (size, 8 X 20 mm; density, 1.61 g/ml) were also used in this study. Total GI
transit times range from 2 to 33 days for 22 administrations of these nondisintegrating dosage forms.
Pigs are found to not be an appropriate model for evaluating bioavailability of nondisintegrating
controlled-release dosage forms because total GI transit time (especially gastric transit) is much too
long.
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INTRODUCTION

Gastrointestinal (GI) transit from mouth to colon has
been estimated to be 8-10 hr, with transit being approxi-
mately 2—4 hr in the small intestine of man (1). Large tablets
may empty rapidly (10-60 min) in undisintegrated form from
a fasting stomach in people (2). Nondisintegrating devices
designed to deliver drug over 24 hr may have emptied from
the stomach, traversed the small intestine, and entered the
colon in less than half that time (3). This could result in
reduced systemic drug concentrations and a significant frac-
tion of the dose being unabsorbed.

Hoelzel (1924), in his classic study of GI transit, showed
that passage of substances through the digestive tract was
proportional to their specific gravity (4). Bechgaard and
Ladefoged suggested use of density to modify GI transit (5).
However, Davis et al. concluded that gastric emptying of
nondisintegrating single-unit oral dosage forms depends
upon two major factors—the presence of food in the stomach
and the size of the dosage form, not density (6). Gastric
emptying of solutions and small pellets (<2 mm) occurs rap-
idly from fed stomach in humans, while larger single-unit
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systems are generally retained until the stomach is empty
and then expelled during phase III contractions (7). Gastric
emptying of particles smaller than 2 mm also occurs rapidly
in fed dogs (8-11). It has been suggested that even smaller
particles (<0.3 mm) would be required to be emptied from
the stomach in the presence of food (12). Another report
shows both size and shape influence movement of nondisin-
tegrating dosage forms from stomach into intestine in dogs
(13). However, some larger nondisintegrating tablets (3-7
mm) empty from the stomach of man during the digestive
phase (14).

The interdigestive myoelectric complex (IMC), also
known as the migrating myoelectric complex (MMC) (15-
25), has been documented in dogs, pigs and humans. Gastric
emptying of indigestible solids occurs in the fasting state in
late phase II and early phase III MMC, with a periodicity of
about 2 hr in humans and dogs (26-28). The MMC in pigs
recur at intervals of 75-80 min (about 18/day) during fasting
and with frequent but small meals (18). However, with one
or two large meals per day, the postprandial contractile ac-
tivity in pigs lasted 6 hr (13 MMC/day) or 3 hr (16 MMC/
day), respectively. Propagation velocities of MMC in the
proximal bowel of pigs, dogs, and humans have been re-
ported to be 20.6 = 2.4, 3.5-11.7, and 6.44 = 0.74 cm/min,
respectively (27,29,30).

Pigs have been widely used to study the rate of food
passage through the alimentary tract (31-34). Each section of
the GI tract of the pig is comparable anatomically to humans,
and total-body weight ranges are similar (35). Man and swine
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have many biologic similarities, and therefore experimental
data obtained with swine may be extrapolated to man (36).
Food is normally emptied quickly from the stomach of pigs.
About 30-40% of ingesta passes into the duodenum within 15
min in adult pigs (about 50-70 kg) (37) and passes through the
stomach and small intestine much more rapidly than through
the large intestine (38). Indigestible polyethylene tubing 2
mm in outside diameter and 2, 10, or 20 mm long resulted in
the 20-mm units being retained significantly longer in the
stomach (39,40).

If GI transit of nondisintegrating sustained-release prod-
ucts in pigs is similar to that in humans, then pigs would be
a good model for bioavailability studies involving nondisin-
tegrating controlled-release products. Specific objectives of
this ‘‘baseline’’ study were

(1) to evaluate GI transit time of nondisintegrating pro-

longed-action dosage forms in pigs,

(2) to examine the effect of density and size of nondis-

integrating dosage forms on GI transit in pigs, and

(3) to confirm adequacy of the model and determine

whether it provides experimental results which can
be extrapolated to humans.

EXPERIMENTAL

Subjects

Nine young adult female White Yorkshire pigs (6-8
months old) weighing approximately 45 kg were used. They
were maintained on a commercially available Murphy Feed
(Hog Ration 14) diet. The quantity fed was based on body
weight (approx 6.5 g/’kg/meal). The meal was fed twice a day,
at 7:30-8:00 aM and 4:30-5:00 PM, moistened with water.

Housing

Pigs were housed and cared for by personnel at the Vet-
erinary Teaching Hospital at the College of Veterinary Med-
icine. Animals were housed in small adjacent individual pens
which have tubular metal divisions and rubberized wire
mesh overlying concrete floors with a slope to facilitate reg-
ular washing and drainage of urine. The animal pens (2.32
m?) allow reasonable space for free movement and normal
activity of the pig to allow normal gastrointestinal motility.
The housing area was kept lit during the daytime and dark at
night.

Dosage Forms

Nondisintegrating magnesium hydroxide caplets (den-
sity, 1.5 g/ml; size, 19.6 X 9.5 mm; weight, 1.2 g) containing
15% bismuth as radiodense tracer (Table I) and enteric
coated with hydroxypropylmethylcellulose phthalate were
prepared. Heidelberg pH capsules (size, 8 X 20 mm; density,
1.61 g/ml) were also utilized.

Additional dosage forms consisted of caplet ‘‘blanks”” of
nonadhesive, nonwetting polymers, produced on a lathe
from polymer block (Fig. 1). Plastic caplets were drilled and
small stainless-steel rods inserted to help radiographic visu-
alization and identification. Materials for caplet *‘blanks’
were as follows: (i) low density, nylon (density, 1.25 g/ml);
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Table I. Nondisintegrating Magnesium Hydroxide Caplet

Ingredients Amount (mg)
Bismuth® granules 100.0
Carbopol 934° 44.0
Magnesium stearate® 16.5
Magnesium hydroxide? 1039.5

¢ Bismuth powder, 99.9999%, GOLD LABEL, Aldrich Chemical
Co., Milwaukee, Wis.

¢ Carbopol 934, B. F. Goodrich Chemical Company, Division of the
B. F. Goodrich Co., Cleveland, Ohio.

¢ Magnesium stearate (purified), Fischer Scientific Co.

4 Magnesium hydroxide, Mallinckrodt, Inc., St. Louis, Mo. 63147.

(ii) medium density, polyvinylchloride (density, 1.45 g/ml);
and (iii) high density, Teflon (density, 2.30 g/ml). Nondisin-
tegrating caplets of the above three densities were produced
in caplet shape in the following three sizes: (i) large, 20 mm
(long) X 10 mm (diameter); (ii)) medium, 10 mm (long) X 10
mm (diameter); and (iii) small, 5 mm (Ilong) X 10 mm (diam-
eter).

Dosing

Each pig received all dosage forms by intubation on an
empty stomach (after 12 hr of fasting) and were fasted 8 hr
postdosing. All radiographs taken immediately prior to dos-
ing showed the stomach to be empty.

After dosing, each pig was administered 15-20 ml water
with an oral syringe. Otherwise, animals received their rou-
tine meals and free access to water. Food in the stomach was
readily visible in radiographs taken following meals on sub-
sequent days. Nondisintegrating magnesium hydroxide ca-
plets were administered to each of seven pigs. In addition,
the nine polymer caplets were each administered to two pigs
for a total of 20 more administrations. Treatments with dif-
ferent size and density caplets were administered sequen-
tially to each animal, each treatment (dosage form) given

Fig. 1. X-ray photograph of dosage forms used in the study. Smali
stainless-steel rods inserted in dosage forms help radiographic visu-
alization and identification. Left to right (density): Teflon, 2.30 g/ml;
PVC, 1.45 g/ml; nylon, 1.25 g/ml. Top to bottom (size): large, 20 X
10 mm; medium, 10 X 10 mm; smali, 5 X 10 mm.
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after the previous dosage form had left the stomach and been
in the small intestine for at least 24 hr.

Analytical Method

Roentgenography was used to follow passage of nondis-
integrating caplets in the GI tract. Radiographs for pigs were
exposed at 0 min (just before dosing to ensure an empty
stomach), at 5 min (just after dosing to assure that the device
was in the stomach), and then every 24 hr, since data from a
pilot study revealed that gastric transit time required days.

For each animal, radiographic examinations were per-
formed from two angles, a lateral view with a Fischer
41261G 300-mA mobile X-ray machine and a dorsoventral
view with a GE DXR 1050 X-ray machine. Dupont Cronex 4
film with Dupont Quanta III screens were exposed at a dis-
tance of about 90 cm. Exposure settings were as follows:
lateral view, Vio sec at 300 mA and 80 KVP; and dorsoventral
view, Yo sec at 700 mA and 80 KVP. Standard animal pos-
ture and position were maintained during imaging using a
minimum-stress Panepinto sling (Department of Physiology
and Biophysics, College of Veterinary Medicine and Bio-
medical Sciences, Colorado State University, Fort Collins,
CO 80523). Each pig was previously trained to stand quietly
(supported by the sling) and to accept oral administration of
water and was familiarized with the oral dosing gun. The
minimum-stress experimental procedure serves to eliminate
unnecessary discomfort to the animal and to normalize gas-
trointestinal activity.

RESULTS AND DISCUSSION

Orally administered nondisintegrating magnesium hy-
droxide caplets remained in the stomach for at least 5 days!
This phenomenon was observed in 7 different pigs. After 5
days, the caplets started to dissolve in the gastric fluid even
though they were enteric coated. Prolonged exposure to gas-
tric acid and enzymes resulted in slow tablet disintegration
and dissolution followed by passage into the intestinal tract.
The surprising finding of prolonged gastric retention
prompted study of GI transit using nondisintegrating, non-
eroding plastic caplets in two additional pigs.

There is a large amount of variability of GI transit with
only two pigs (Table II), but prolonged retention in the stom-
ach (days rather than hours) occurred consistently for 20
administrations of nondisintegrating plastic caplets just as it
did for the enteric-coated magnesium hydroxide caplets in
seven other pigs. Larger-size caplets had longer stomach
emptying times and, therefore, longer total GI transit times.
Gastric emptying time varied from 1 to 28 days and was often
between 5 and 20 days for the plastic dosage forms in the two
pigs.

Study: with more animals would be necessary to deter-
mine if there is a consistent relationship between an increase
in density and an increase in stomach emptying time for
nondisintegrating caplets. Such experiments may be inter-
esting but would not affect the obvious conclusion that gas-
tric retention time in pigs is too long for pigs to be a good
model for bioavailability studies involving nondisintegrating
sustained-release dosage forms. Small intestine transit time
was consistently less than 3 days and was less than 1 day for
50% of the doses (Table II).
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Table II. Transit Time in Pigs for High-, Medium-, and Low-Density
Nonerodible, Rigid Oral Dosage Forms Having Large, Medium, and
Small Sizes

Transit time (days)

Small Large
Subject Density Gastric intestine intestine
Large caplet

1 Low 1 <1 <1
2 ” 5 <1 >2
1 Medium 10 2 19
2 " 5 1 1

v 244 <1 <1
1 High 13 2 4
2 " 5 2 3

" 29« <1 >3

Medium caplet
1 Low 4 <1 >1
2 " 4 <1 >1
1 Medium 2 1 3
2 " 1 <1 <1
1 High 7 <1 >3
2 " 5 2 1
Small caplet

1 Low 1 <1 >1
2 ” 10 1 1
1 Medium 1 <1 <1
2 " 2 1 1
1 High 24 1 1
2 " 3 2 2

“ Repeat experiment in same animal.

Nondisintegrating dosage forms were 100% retained in
the stomach for 24 hr or longer in all nine pigs for all dosage
forms studied. All caplets had a diameter of 5-10 mm and a
density ranging from 1.25 to 2.30 g/ml. Cargill and co-
workers recently found that nondisintegrating flexible Silas-
tic disks having a very large diameter (25 mm) and a specific
gravity of 1.13 were retained 47 to 67% in the stomach of
beagle dogs for 24 hr (13). Smaller pellets were readily emp-
tied from the stomach. Nondisintegrating tablets 3-7 mm in
diameter and pellets 0.7-1.7 mm in diameter emptied from
the stomach of people in 6 hr or less, depending on the size
of the dosage form and whether the subject was fed or fasting
(14,41-43). It has been suggested that gastric emptying time
of nondisintegrating tablets (3-7 mm in diameter) in dogs or
rabbits may be of little or no relevance to man (14). For the
caplets studied herein, gastric emptying in pigs is even less
relevant to man.

Heidelberg capsules were also administered to two pigs
(after 12 hr of fasting) to measure GI transit and obtain in
vivo GI pH values. Radiographs were used to locate the
capsules. Heidelberg capsules had a gastric residence time in
each of two pigs of >6 days (144 hr), a small intestinal transit
time of >2 days, and a large intestinal transit time of >1 day.
The gastric pH varied from 1.15 to 4.0. Two human volun-
teers also received Heidelberg capsules in this study after 12
hr of fasting. Gastric pH was 1.0-3.8 and gastric emptying
time was 2.2—4.0 hr for these subjects. The range in gastric
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pH (in both pigs and humans) may be attributed to the fact
that sometimes the pH capsule works its way close to the
pyloric sphincter, exposing its pH sensing membrane to duo-
denal juices. Then the capsule is retropulsed back into the
stomach (18,44). However, the actual time of leaving the
stomach is clearly indicated on the pH recording chart or
radiograph.

Whereas stomach pH in pigs is similar to that in man
(17,45), gastrointestinal transit time for nondisintegrating
dosage forms is not. Gastric emptying of nonerodible caplets
is found to be much slower in pigs (days) compared to hu-
mans (hours). Pigs have been reported (18) to possess a in-
terdigestive, migrating myoelectric complex (MMC), which
is known to play an important and dominant role in the gas-
tric emptying of indigestible solids in man and dogs. The
postprandial activity in pigs fed two meals per day lasts 2-3
hr and the average number of MMC was 16 to 18/day in
fasting pigs (18). Even though it is possible that some of the
pigs may have been dosed before arrival of the ‘‘house-
keeper wave,’” the number of MMC during the 8 hr postdos-
ing which occur when the stomach is empty should have
been sufficient to empty the caplets from the stomach. How-
ever, from this GI transit study, it seems that such motor
activity in pigs must be much less efficient in emptying large
indigestible solids from the stomach in comparison to dogs
or humans, or the mechanism in pigs may be entirely differ-
ent. The capsule may have emptied with a phase III contrac-
tion, but certainly not the first antral phase III, or it may
have emptied at a time other than phase III activity in the
stomach. Ruckebusch and Bueno (1976) have shown that the
postprandial pattern of electrical activity in pigs is charac-
terized by almost continuous spiking activity in both the
antrum and the small intestine, lasting 3—6 hr, depending on
the volume and number of meals taken per day (18). Strong
spike bursts are superimposed on each slow wave, some
being propagated through the pylorus. The MMC is dis-
rupted completely and occasional strong spike bursts, iso-
lated or grouped, are propagated from the duodenal bulb at
a high velocity and probably represent peristaltic activity of
the stomach in the digestive mode. This may be responsible
for causing a large object to be emptied randomly from the
stomach. Thus, pigs are not an appropriate animal model for
studying bioavailability or GI transit of nondisintegrating,
nonerodible oral dosage forms.
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