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Modification by caerulein of action potential activity in
circular smooth muscle of isolated small intestine

Caerulein appears to be one of the more active gall-bladder contracting agents known
at present and exhibits a potent stimulant action on the musculature of the gut
(Erspamer, 1970, 1971). Moreover cholecystokinin-pancreozymin (CCK) whose
C-terminal octapeptide shows a close resemblance to caerulein, affects intestinal
motility in a way very similar to that of caerulein (Hedner, 1970). In the isolated
intestine the efficiency of the peristaltic reflex is increased by caerulein (Frigo, Torsoli
& others 1972) and propulsion of the intraluminal content is favoured at concen-
trations of caerulein much lower than those necessary to elicit contraction of the
longitudinal muscle (Frigo, Lecchini & others, 1971). However no investigation has
been made on the effect of caerulein on the electrical activity of the isolated small
intestine.

The electrical activity of the small intestine as recorded with extracellular electrodes
consists of rhythmic fluctuations of resting membrane (slow waves) and of rapid
action potentials (spikes) which appear during slow wave depolarization (Baker,
1969; Bortoff, 1972). Spikes are accompanied by contraction of muscular layers and
it has been found that the spikes synchronous with the contraction of circular fibres
always occur after spike activity of the longitudinal fibres (Gonella, 1971). We now
describe some experiments on the action of caerulein on the electrical activity made
with a view to elucidating the mechanism by which caerulein improves propulsive
activity.

Rabbits of either sex, 900-1200 g, were used. A piece of ileum, 5-6 cm length, was
mounted in a horizontal bath containing Tyrode solution aerated with 59; carbon
dioxide in oxygen, at 36°. Longitudinal contractions, intraluminal pressure and extra-
cellularelectrical activity wererecorded as described by Gonella (1971). The frequency
of the slow waves was 8—16 min—! and theamplitude ranged from 2 to 4 mV. Each slow
wave shows a burst of spikes of 4-6 mV associated with longitudinal contractions
(Fig. 1). similar to those obtained from isolated longitudinal muscle by Gonella,
(1970) and by Small & Weston (1971). Faster action potentials of 6-10 mV occurred
occasionally after that of longitudinal muscle and were associated with localized
contraction of circular muscle. As shown in Fig. 1, caerulein added to the bath at a
final concentration of 0-2 ng ml-1 affected neither the frequency and the amplitude of
slow waves nor the size of the spikes associated with longitudinal contractions. On
the contrary in all preparations (30 expts) using concentrations of caerulein from
(0-1-0-5 ng ml-?) the frequency and the amplitude of action potentials associated with
circular contractions were increased. The addition of caerulein to the bath caused
the appearance of trains of spikes after a latency of 15-30 s and the action disappeared
after 5-10 min. Development of tachyphylaxis could not be observed in any of the
preparations. CCK added to the bath at final concentrations ranging between
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FiG. 1. Effect of caerulein on the electrical and mechanical activity of the isolated rabbit small
intestine. From top to bottom records of extracellular electrical activity, longitudinal move-
ments, and intraluminal pressure. A: control; B: in the presence of caerulein 0-2 ng ml-!; C:
after washing out caerulein. Time bar, 4s.

0-001 and 0-05 Ivy units ml—* exhibited the same kind of response. In 12 out of 15
preparations tetrodotoxin (0-5-1 ug ml—) completely abolished the effect of caerulein.

Our results in the rabbit indicate that caerulein possesses a similar stimulant action
on intestinal musculature to the natural hormone cholecystokinin. In the small
intestine the action of caerulein seems to be mediated through nervous pathways
inasmuch as tetrodotoxin is effective in preventing its response.

The relation between the behaviour of two muscular coats and their relevance to
peristalsis has been questioned (Kosterlitz & Lees, 1964; Kottegoda, 1969). From
our results it appears that two muscular coats can react independently. In fact
caerulein at some concentrations is able to activate the circular muscle without
interference with the longitudinal coat. This evidence obtained with electrophysio-
logical methods supports that of Crema, Frigo & Lecchini (1970) in the colon and
Gonella & Lecchini (1971) in the small intestine.
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