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INTRODUCTION

Numerous electrophysiological studies on the intestingl smooth muscle
were carried out from rodentia such as guinea-pigt»®. Carnivora such as
cat>*® and dog® was also used for the preparation of intestinal smooth
muscle. Minor differences in the characteristics of intestinal smooth
muscle have been reported. It is important to compare the characteristics
of intestinal smooth muscle of primate to that of rodentia and carnivora
for obtaining the information on the characteristics of the electrophysiolo-
gical and pharmacological activity of human small intestine. In this
experiment, monkey was chosen for comparison. The following study was
made on the preparation of monkey ileum.

METHODS

Segments of ileum were removed from adult monkey anaesthetized
with nembutal and held for 1 hour or more before use in cooled Krebs
solution. Segment, about 2 cm in length, of the ileum was used. The
experimental procedures and the solution were same as those described in
the previous paper?. Electrical activity of the longitudinal muscle layer
was recorded with pressure electrode. The following drugs were used,;
acetylcholine chloride, noradrenaline hydrochloride, atropine sulfate,
phenoxybenzamine hydrochloride, propranolol, DCI, Adenosine triphosphate
(ATP), adenosine monophosphate (AMP), 37,5/-cyclic AMP and 5-hydro-
xytryptamine.

RESULTS

1) Spontaneous activity
The longitudinal smooth muscle of the ileum exhibited the spontaneous,
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rhythmic activity in normal solution. Electrical activity was consisted
with slow wave and spikes. The slow waves generated rhythmically.
Single or multipe spikes were superimposed near the peak of slow wave.
Frequency of slow wave was ranged from 9/min to 12/min. The pattern
of the electrical activity and its frequency were similar to those obtained

from the longitudinal muscle layer of the cat small intestine. The slow
wave with spikes was corresponded with phasic contraction along the
longitudinal direction of the segment. Magnitudes of the phasic contraction
were irregular in many preparations but some were regular. Simultaneous
recordings of electrical and mechanical activities were shown in Fig. 1.
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Fig. 1. Examples of simultaneous recordings of the electrical (upper) and mechanical
(lower) activities of the monkey ileum.
Spontaneous electrical and mechanical activities were obtained from the
longitudinal muscle layer of the segment.
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2) Effects of drugs

Acetylcholine potentiated the mechanical activity. When lower
concentrations of acetycholine (final concentration; 10-12-10-11g/ml) added
into the external media, no observable changes in electrical and mechanical
activities were obtained. At a concentration of 10-%¢/ml, small contracture
was produced. Atropine (10-°¢/ml) blocked the potentiatory effect of
acetylcholine (10-10-10-9¢g/ml). Fig. 2 shows the excitatory effect of
acetylcholine and the inhibition caused by atropine on acetylcholine action.
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Fig. 2. Effect of acetylcholine on the electrical (upper) and mechanical (lower)
activities of the monkey ileum.
A; Acetylcholine (ACh) 10**g/ml. Drug was added at the arrow.
B; Acetylcholine 10°!° g/ml after treatment with atropine (AT) 10-°g/ml.
C; Acetylcholine 10-° g/ml. W indicates the washing out by normal solution.
D; Acetylcholine 10-° g/ml after treatment with atropine 10°° g/ml.
Calibration; 1mV and 1g.
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Noradrenaline inhibited the spike and mechanical activities as shown
in Fig. 3. Lower concentrations of noradrenaline (up to 10-8 g/ml) had no
considerable effect on the contractile activity. At a concentration of
10-7g/ml, phasic contraction was decreased gradually but the frequency
was not changed. No observable change in the electrical activity was
detected. Higher concentration of noradrenaline (10-5g/ml) produced
stronger inhibition on the phasic contraction, that is, immediate abolition
of phasic contraction was produced and the tonus level was also decreased.
In .this solution, spikes was also abolished immediately. However slow
waves were generated continuously as shown in Fig. 3.

Phenoxybenzamine (10-®g/ml) and propranolol (10-5g/ml) showed
minor inhibitory effect on the phasic contraction. After 10-20 min in
phenoxybenzamine (10-°%g/ml) or propranolol (10-5g/ml), the inhibitory
action of noradrenaline (10-¢ g/ml) was partially depressed by these
blockers. DCI (10-5 g /ml) also inhibited the depressor effect of noradrena-
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Fig. 3. Effect of noradrenaline on the electrical (upper) and mechanical (lower)
activities of the monkey ileum.
A; Noradrenaline (Norad) 10-°g/ml. Drug was added at the arrow.
B; Noradrenaline 107 g/ml, C; Noradrenaline10**g/ml
and D; Noradrenaline 10°% g/ml.
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line (10-%¢ /ml) partially.

ATP and AMP exhibited the inhibitory action on the phasic contraction
(Fig. 4). At concentration of 10*g/ml of ATP, the magnitude of phasic
contraction was gradually decreased. AMP at a concentration of 10- g/ml
also inhibited the phasic contraction. When cyclic AMP (10-*g/ml) added
into the external media, weaker inhibition on the contractile activity was
observed, that is, slower decrease in the magnitude of phasic contraction
was obtained.

5-hydroxytryptamine (10--10-*g/ml) was also examined. Higher
concentration (10-*g/ml) of 5-HT produced the contracture (Fig. 4).
However, phasic contractions superimposed on the contracture were still
observed. This contracture was gradually reduced and returned to the
original level after 15 min.

s-r!n 107 vIv
Fig. 4. Effects of ATP, AMP, cyclic AMP and 5-HT on the mechanical activity of the
monkey ileum.
A; ATP 10°°-10"* g/ml. Each drug was added at the arrow. W indcates the
washing out by normal solution. B; AMP 10 and 10* g/ml
C; Cyclic AMP 10-'g/ml and D; 5-HT10"* g/ml.
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DISCUSSION

Glow wave and spike type potential was obtained by using pressure:
electrode. This pattern was very similar to that of cat intestinal smooth
muscle.?%"® Frequency of slow waves was also similar to that of cat
small intestine®%7®. Since the longitudinal muscle layer of ileum of
monkey was thinner, leading the electrical activity by using pressure
electrode was a iittle difficult. Phasic contraction of the longitudinal
muscle layer recorded simultaneously was good synchronized with spike
activity. The effects of some drugs on the electrical and mechanical
activities were also similar to that obtained by other animals®!?. Acety-
Icholine induced the potentiation of the activity and atropine blocked the
response to acetylcholine. However it seems that the longitudinal muscle:
very sensitive to acetylcholine. Catecholamine such as noradrenaline
produced the inhibitory action and this action was blocked by phenoxyben-
zamine, propranolol and DCI partially. These results indicate that the
longitudinal muscle has alpha- and beta-receptors as usual smooth muscles.
It is interesting that producing the inhibitory action was required higher
concentration of noradrenaline and that weaker inhibitory responses were:
observed in alpha- and beta-blockers. ATP and AMP inhibited the
mechanical activity. However it is uncertain to exist a purinergic fiber in
the ileal wall of monkey. The results on ATP, AMP and cyclic AMP also
agreed with previous reports® 11,18,

From obtained results, it is tentatively concluded that the characteri-
stics of the longitudinal smooth muscle of monkey ileum was similar to
that of other animals such as rodentia and carnivora.

SUMMARY

Electrical and mechanical activities of monkey ileum were recorded.
simultaneously. Spontaneous, rhythmic slow waves which have a duration
of seconds and a relatively uniform amplitude within a single preparation
were obtained. Spikes were superimposed on each slow wave and the
spike activity was well synchronized with a phasic contraction. Acetylcho-
line potentiated the mechanical activity and atropine blocked the response
to acetylcholine. Noradrenaline inhibited the spike and mechanical
activities and alpha- and beta-blockers depressed the inhibitory action of
noradrenaline. ATP, AMP and cyclic AMP produced the inhibitory action
on the mechanical activity. 5-HT rised the contactile activity. The results.
of this study indicate that the electrical activity of the longitudinal muscle
of the monkey ileum was simlar to those obtained from the intestinal
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muscle of rodentia and carnivora. Evidences for the presence of both type
Teceptors were available.

ACKNOWLEDGEMENT

The authers wish to express their gratitude to Department of Ophth-

almology for offer of monkey and to Dr. Abe, Department of Anatomy, for
his technical assistance.

10)
11)

12)

13

REFERENCES

Kuriyama, H,, Osa, T. and Toida, N.: Electrophysiological study of the intestinal smooth
muscle of the guinea-pig. J. Physiol., 191 : 239-255, 1967.

Tomita, T,: Electrical properties of mammalian smooth muscle. In Smooth Muscle, ed.
Biilbring, E., Brading, A.E., Jones, A.W. and Tomita, T. London: Edward Arnold Ltd. 1970.
Kobayashi, M., Prosser, C.L. and Nagai, T.: Electrical properties of intestinal muscle as
measured intracellularly and extracellularly. Am. J. Physiol., 213: 275-286, 1967.

Connor, J.A., Prosser, C.L. and Weems, W.A.: A study of pace-maker activity in intestinal
smooth muscle. J. Physiol., 240 : 671-701, 1974.

Ohkawa, H.: Actions of cyclic AMP and dibutyryl cyclic AMP on the electrical and mech-
anical activities of the cat small intestine. Bull. Yamaguchi Med. Sch., 22 : 185-197, 1975.
Daniel, E.E., Honour, J.J. and Bogosh, A.: Electrical activity of the longitudinal muscle of
dog small intestine studied iz vivo using microelectrodes. Am. J. Physiol., 198 : 113-118, '
1960.

Ohkawa, H. and Watanabe, M.: The depressor effect of dopamine on the electrical and
mechanical activities of cat small intestine. Tohoku J. Exp. Med.,117 : 99-110, 1975.
Prossre, C.L. and Bortoff, A.: Electrical activity of intestinal muscle under iz vitro
conditions. In Handbook of Physiology—Alimentary Canal, IV, ed. Code, C.F., American
Physiological Society, Washington 1968.

Biilbring, E. and Kuriyama, H.: Effects of changes in ionic environment on the action of
acetylcholine and adrenaline on the smooth muscle cells of guinea-pig taenia coli. J.
Physiol., 166 : 59-74, 1963.

Burnstock, G. and Prosser, C.L.: Conduction in smooth muscle; comparative electrical
properties. Am. J. Physiol., 199 : 553-559; 1960.

Ohkawa, H.: Relaxant effect of ATP on the mechanical activity of the cat small intestine.
Bull, Yamaguchi Med. Sch., 20 : 1-8, 1973.

Takagi, K., Takayanagi, I. and Tomiyama, A.: Actions of dibutyryl cyclic adenosine
monophosphate, paraverine and isoprenaline on the intestinal smooth muscle. Jap. J.
Pharmacol., 21 : 477-483, 1971.

Kawasaki, A., Kashimoto, K. and Yoshida, H.: Effects of 3’,5/-cyclic adenosine monopho-
sphate and its dibutyryl derivative on the motility of isolated rat ileum. Jap. J. Pharmacol.,
19 : 494-501, 1969.





