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Abstract 

Gastrointestinal motility was measured with force transducers in conscious ferrets. The gastrointestinal motility pattern in both the 
interdigestive and digestive states was similar to that reported for humans. The activity front, phase III contractions of the migrating 
motor complex, occurred cyclically in the antrum and migrated to the duodenum and ileum in the interdigestive state, and relatively 
low-amplitude contractions were sustained in the antrum, duodenum and ileum in the digestive state. Colonic motility was characterized 
by basal relatively low-amplitude contractions and a single high-amplitude contraction preceding defecation. Cisapride (0.3-3 mg/kg 
s.c.) enhanced antral and colonic motility. This ferret model will help the investigation and evaluation of drug effects on gastrointestinal 
motility in humans. © 1997 Elsevier Science B.V. All rights reserved. 
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1. Introduct ion 

The gastrointestinal motility pattern in humans can 
mainly be divided into the interdigestive and digestive 
states. The interdigestive state is characterized by the 
cyclical occurrence of the activity front, phase III contrac- 
tions of the migrating motor complex which occurs in the 
stomach and migrates through the small intestine. The 
digestive state is characterized by sustained contractions 
with relatively low amplitude in the gastric antrum and 
small intestine (Itoh and Sekiguchi, 1984; Kerlin and 
Phillips, 1982; Sarna et al., 1991). On the other hand, 
spontaneous colonic motility in humans is represented by 
basal relatively low-amplitude contractions and a single 
high-amplitude contraction preceding defecation (Narducci 
et al., 1987). 

The anatomical and physiological characteristics of the 
gut of ferrets have been reported to show good similarity 
to those of the human gut (Mackay and Andrews, 1983). 
This animal is therefore commonly used in studies on the 
pathophysiology of the gastrointestinal tract in humans. 
Although the stomach of ferrets was reported to show a 
cyclical motility pattern which was similar to the migrating 
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motor complex in the interdigestive state (Grundy, 1990), 
such a cyclical motility pattern was not evident in the rat 
stomach (Garrick et al., 1986). This suggests that the ferret 
model is more appropriate than the rat model for the study 
of human gastrointestinal motility. At present, however, 
the gastrointestinal motility pattern throughout the gut of 
this animal in the conscious state is not known precisely. 

In the present study, gastrointestinal motility from the 
gastric antrum to the colon of conscious ferrets was inves- 
tigated by means of chronically implanted force transduc- 
ers. After confirming that stable measurement was possi- 
ble, we examined the effect of a clinically used drug in this 
model. Gastrointestinal prokinetic benzamides, which exert 
a gastrointestinal prokinetic effect by facilitating choliner- 
gic neurotransmission in the gut, are currently widely used 
to treat gastrointestinal motility disorders such as gastro- 
esophageal reflux and gastroparesis. Nowadays, the most 
widely applied gastrointestinal prokinetic benzamide is 
cisapride, and thus data on the effect of this agent on 
gastrointestinal motor activity in humans have been accu- 
mulating (Briejer et al., 1995; Wiseman and Faulds, 1994). 
Therefore, we chose this agent for testing in the ferret 
model. The experiments were designed to assess whether 
spontaneous gastrointestinal motility and its response to 
cisapride in conscious ferrets are similar to those in hu- 
mans. 
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2. Materials and methods 

All experiments were performed in compliance with the 
regulations of the Animal Ethical Committee of Ya- 
manouchi Pharmaceutical. 

Four male ferrets (Marshall Farms, North Rose, NY, 
USA) weighing 1.3-1.4 kg were used. They were given a 
standard laboratory carnivore diet and allowed free access 
to water. The animals were fasted for 18 h before surgery 
with free access to water. Under halothane (Fluothane, 
Takeda, Osaka, Japan) anesthesia, strain gauge force trans- 
ducers, 8 mm wide and 5 mm long (F-08IS, Star Medical, 
Tokyo, Japan), were sutured to the gastric antrum (3 cm 
proximal to the pyloric ring), duodenum (3 cm distal to the 
pyloric ring), ileum (20 cm distal to the pyloric ring) and 
colon (6 cm proximal to the anus) to measure circular 
muscle contractions. The free end of the transducers was 
brought subcutaneously to a skin incision made between 
the scapulae and protected with a jacket (PJ-F3, Star 
Medical). The surgical operation was performed with ref- 
erence to the literature on the anatomy of the ferret (An 
and Evans, 1988). The animals were allowed to recover for 
at least 8 days after surgery before the commencement of 
experiments. 

The ferrets were fasted for 18 h with free access to 
water before all experiments. Each animal was used for 
experiments at an interval of 3 days or more. During the 
experiments, each animal was placed without constraint in 
an observation box (40 cm wide × 40 cm long × 40 cm 
height). The free end of the force transducers was con- 
nected to a gastrointestinal motility measuring system 
(ESC-820A; Star Medical) via a connecting cable sus- 
pended from the ceiling. On each experimental day, the 
animals were habituated to this recording procedure for at 
least 1 h before the start of measurement of gastrointestinal 
motor activity. The analog signals of gastrointestinal motor 
activity, stored in the measuring system, were digitized at 
a sampling frequency of 10 Hz by an analog-to-digital 
converter (ESC-1012; Star Medical) and analyzed by a 
computer system (ESC-820C; Star Medical). Gastrointesti- 
nal motility was quantified by determining a motility index 
which was calculated by the computer system. The motil- 
ity index was equivalent to the integrated area surrounded 
by the contractile wave and baseline, i.e., the product of 
the amplitude (voltage) and the time in minutes during a 
certain fixed period. 

The measurement of gastrointestinal motility in the 
interdigestive state was started in the morning (9:00-10:00 
h) in each ferret. After three cycles of the migrating motor 
complex in the interdigestive state had been measured, 
carnivore food (Boiled Chicken Meal, 20 g / k g  body 
weight; Excel Foods Lab., Tokyo, Japan) was given to 
switch gastrointestinal motility from the interdigestive to 
the digestive state. 

The duration of the migrating motor complex, compris- 
ing the contractile phase and quiescent phase (phase I), 

was visually determined in the antrum, duodenum and 
ileum. Although the contractile phase in the antrum seemed 
a single state, phase III of the migrating motor complex, 
that in the duodenum and ileum, could be further divided 
into phase II (a period of irregular contractions with 
relatively low amplitude) and phase III (a period of regular 
intense contractions). Therefore, the duration of phase II 
and phase III was determined separately in the duodenum 
and ileum. The average of three migrating motor complex 
cycles in each ferret was calculated. The duration of the 
digestive period was also visually determined, as was the 
time interval (min) between the meal and the first appear- 
ance of the activity front after the meal. The activity front 
in the antrum was identified as at least 5 consecutive 
intense antral contractions that migrated down to the duo- 
denum and ileum and were followed by a period of 
quiescence, and that in the duodenum and ileum was 
identified as the occurrence of a group of regular high-am- 
plitude duodenal (or ileal) contractions which were fol- 
lowed by a period of quiescence. 

Colonic motility was compared between the interdiges- 
tive and digestive states. The motility indexes at the colon 
for the 2-h period before and after feeding were deter- 
mined and compared. 

The evaluation of cisapride was performed in the diges- 
tive state. Cisapride was extracted and purified from Ace- 
nalin Tab. (Janssen-Kyowa, Tokyo, Japan), dissolved in 
1% lactic acid and subcutaneously administered 90-120 
min after feeding in a volume of 1 ml /kg.  The motility 
index for the 2-h period after cisapride or vehicle adminis- 
tration was determined at each recording site. Evaluation 
of the drug was conducted with paired control (vehicle 
treatment) and drug treatment observations for each ferret. 
Doses of cisapride are in terms of the free base. Each 
animal received vehicle or only one dose of cisapride per 
day. The order of doses in each ferret was randomized. 

All results are presented as the means _+ S.E.M. Statisti- 
cal analysis of data was performed with the Wilcoxon 
signed rank test or Friedman test. Probability values of 
< 0.05 were considered significant. 

3. Results 

One week after surgery, a contractile wave with stable 
baseline could be observed at each recording site in each 
animal. This contractile wave was not affected by body 
movements of the animals, and thus substantially reflected 
gastrointestinal motor activity. Stable measurement was 
possible for at least 2 months after surgery in each animal. 

The activity front, phase III contractions of the migrat- 
ing motor complex, occurred cyclically in the antrum, and 
migrated distally to the duodenum and ileum but not to the 
colon. The contractile phase in the antrum seemed a single 
state, phase III. The mean duration of the entire cycle, 
contractile phase and quiescent phase (phase I) of the 
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Fig. 1. A typical chart showing the spontaneous gastrointestinal (gastric antral, duodenal, ileal and colonic) motility in the interdigestive and digestive 
states in a conscious ferret, and the effect of cisapride on gastrointestinal motility in the digestive state. The periods of contractile and quiescent phase 
(phase I) of the antral, duodenal and ileal migrating motor complex were visually determined and indicated below each contractile wave. Carnivore food 
(20 g / k g  body weight) was given at the point indicated by an open arrow to switch gastrointestinal motility from the interdigestive to the digestive state. A 
single colonic high-amplitude contraction preceded defecation which is indicated by arrows. Cisapride (3 m g / k g  s.c.) was administered at the point 
indicated by an arrow. 

migrating motor complex in the antrum was 56 + 5, 14 + 2 
and 41 + 4 min, respectively (n = 4). The contractile phase 
in the duodenum and ileum could be further divided into 
phase II (a period of irregular contractions with relatively 
low amplitude) and phase III (a period of regular intense 
contractions). The mean duration of the entire cycle, phase 
II, phase III and quiescent phase (phase I) in the duodenum 
was 57 ___ 6, 14 + 2, 11 + 2 and 30 + 2 min, respectively 
(n = 4), and in the ileum it was 54 + 4, 14 + 1, 9 + 1 and 
33 + 4 min, respectively (n = 4). 

The migrating motor complex pattern was disrupted by 
feeding, and irregular contractions with relatively low 

amplitude were sustained in the antrum, duodenum and 
ileum for at least 3.5 h after feeding. The mean duration of 
the digestive period in the antrum, duodenum and ileum 
was 340 + 43, 296 + 66 and 291 _+ 60 min, respectively 
(n = 4). 

The contractile activity of the colon was independent of 
that at other recording sites, with relatively low-amplitude 
contractions occurring sporadically and irregularly in the 
colon in both the interdigestive and digestive states. Defe- 
cation was always preceded by a single colonic high-am- 
plitude contraction. The motility index for the 2-h period 
b e f o r e  f e e d i n g  w a s  161 .7  ___ 2 9 . 6  g X m i n  a n d  t h a t  a f t e r  

Table 1 

Effect of cisapfide on gastric antral, duodenal, ileal and colonic motility in the digestive state in conscious ferrets 

Dose of cisapride 

( m g / k g  s.c.) 

Motility index for 2-h period after cisapride administration (g × min) 

Gastric antrum Duodenum Ileum Colon 

1% lactic acid 210.1 + 42.9 210.4 + 49.6 289.6 + 41.1 155.8 + 28.4 
0.3 243.4 + 15.4 158.9 + 39.9 343.5 + 27.8 281.4 + 77.3 
1 503.1:2 95.8 186.5:2 50.5 288.3 + 71.7 441.9 + 49.0 
3 506.0 + 59.1 213.2:2 58.2 291.4 + 82.0 579.2 + 31.6 

(a) (b) 

Cisapride was administrated 90-120 min after feeding. The motility index for the 2-h period after cisapride administration was determined. The motility 
index is equivalent to the integrated area between the contractile wave and baseline. Each value represents the mean + S.E.M. for four ferrets. Statistical 
analysis was performed with the Friedman test. a Significant dose effect, P < 0.05 for antrum column, b p < 0.01 for colon column. 
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feeding was 132.8 ___ 15.5 g × min (n = 4). There was no 
significant difference between the two motility indexes 
(Wilcoxon signed rank test). 

Cisapride given in the digestive state at 0.3-3 mg/kg  
s.c. stimulated antral and colonic motility in a dose-depen- 
dent manner, but the stimulatory effect on duodenal and 
ileal motility was weak, even at 3 mg/kg  s.c. (Fig. 1 and 
Table 1 ). The Friedman test indicated a significant increase 
of antrai motility (Q = 9.6, P < 0.05) and colonic motility 
(Q = 12, P < 0.01). No significant difference was found 
among four groups of data for duodenal motility (Q = 3.9) 
and ileal motility (Q = 0.9). 

4. Discussion 

We measured gastrointestinal motility from the gastric 
antrum to the colon in conscious ferrets during both the 
interdigestive and digestive states. The pattern of interdi- 
gestive upper gastrointestinal motility observed in the pre- 
sent study was consistent with the migrating motor com- 
plex reported for humans (Kerlin and Phillips, 1982) and 
dogs (Sama, 1985). The duration of the entire migrating 
motor complex cycle in the stomach was reported to be 
about 120 min in humans and 105 min in dogs (Itoh and 
Sekiguchi, 1984), whereas that in ferrets was somewhat 
shorter, being about 56 min. This short duration was also 
seen by Grundy (1990), who investigated the motility of 
the gastric antrum in conscious ferrets and reported that 
the interval of the migrating motor complex was about 44 
min. The contractile phase in the stomach in humans and 
dogs has been further divided into sub-states, phases II-IV 
(Itoh and Sekiguchi, 1984). However, these sub-states 
could not clearly be identified in the ferret stomach. Al- 
though this difference may be due to species differences 
between ferrets and humans, it remains possible that the 
short duration of the contractile phase in the ferret stomach 
made the visual discrimination of these sub-states difficult. 
Further precise study, especially the recording of myoelec- 
trical activity in the ferret stomach, may elucidate whether 
or not the ferret stomach has sub-states (phases II-IV). On 
the other hand, the contractile phase in the duodenum and 
ileum could further be divided into phase II and phase III, 
as with humans and dogs (Itoh and Sekiguchi, 1984; 
Kerlin and Phillips, 1982). The pattern of digestive upper 
gastrointestinal motility observed in the present study was 
consistent with those reported for humans and dogs (Itoh 
and Sekiguchi, 1984; Kerlin and Phillips, 1982; Sarna et 
al., 1991). The duration of the digestive period in ferrets 
(about 340 min) was similar to those in humans (Kerlin 
and Phillips, 1982; Thompson et al., 1980) and dogs (Itoh 
and Sekiguchi, 1984). The duration of the digestive period 
in the duodenum and ileum was shorter than that in the 
antrum in the present study, in accord with the result of 
Itoh and Sekiguchi (1984) who reported that the duration 
of the digestive period was 278 min in the stomach and 

203 min in the duodenum in humans. Furthermore, the 
colonic motility pattern observed in the present study was 
also very similar to those reported for humans (Narducci et 
al., 1987) and dogs (Karaus and Sarna, 1987). In view of 
these observations, spontaneous gastrointestinal motility 
from the antrum to the colon in conscious ferrets is, in 
spite of a few differences, similar to those in humans and 
dogs. 

Cisapride is currently widely used in the treatment of 
gastrointestinal motility disturbances. This agent has been 
reported to stimulate motor activity throughout the gut in 
healthy humans and dogs (Wiseman and Faulds, 1994; 
Yoshida et al., 1991). In the present study, cisapride 
clearly and dose dependently stimulated antral and colonic 
motility in accord with the results in humans and dogs. In 
contrast, the stimulatory effect of this compound on duode- 
nal and ileal motility was weak. Stacher et al. (1989) 
reported that cisapride stimulated jejunal motility after a 
1000-kJ but not a 4200-kJ meal in healthy humans, sug- 
gesting that this agent produces no further stimulation 
when small intestine motility is already near-maximally 
enhanced by a high-energy meal. Such a meal energy-de- 
pendent effect of cisapride may explain the weak stimula- 
tory effect on small intestinal motility in the present study. 
Although the cause of the weak effect on ferret small 
intestinal motility remains to be elucidated, the response of 
gastrointestinal motility to cisapride in ferrets is roughly 
similar to that reported for humans and dogs. 

The gut of the ferret has been shown to have anatomical 
and physiological similarities to that of humans. For exam- 
ple, the distribution of the vagus nerves to the stomach is 
closely similar in ferrets and in humans. The ferret is a 
basal secretor of acid and proteolytic enzymes in the 
interdigestive state as in humans, and the distribution of 
food in the ferret stomach after a meal is similar to that in 
humans (Mackay and Andrews, 1983). Garrick et al. (1986) 
reported that the cyclical motility pattern could not be 
observed in the rat stomach despite cyclical occurrences of 
the migrating motor complex in the small intestine. In 
contrast, phase III contractions occurred cyclically in the 
ferret stomach as shown in the previous (Grundy, 1990) 
and present study. The results of the present study addi- 
tionally show that the spontaneous motility throughout the 
gut and its response to cisapride in ferrets are similar to 
those in humans. Ferrets do not move so violently as to 
disturb the connecting cable suspended from the ceiling 
during observation, and therefore no restriction of move- 
ment is needed. In addition, ferrets are smaller than dogs, 
which have most commonly been used in studies on 
gastrointestinal motility, so that experiments with ferrets 
can be performed in a smaller space and with smaller 
quantities of compounds than with dogs. The ferret model 
is therefore a useful alternative to the dog model, and will 
help in the investigation and evaluation of drug effects on 
gastrointestinal motility in humans. 

In conclusion, we measured gastrointestinal motility 
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from the gastric antrum to the colon in conscious ferrets. 
This ferret model is suitable for studies of gastrointestinal 
motility in humans. 
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