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INTRODUCTION

The existence of the non-adrenergic inhibitory nerves in the gut wall had been
reported by many authers. Recently Burnstock et all> suggested the possibility
that adenosin triphosphate (ATP) or a related nucleotide is the transmitter
substance released by the non-adrenergic inhibitory neurones in the gut. However,
many problems on the possibility are present. One of the against evidences is
that ATP still increased the membrane potential of the taenia coli smooth muscle
in which the inhibitory junction potential had been blocked by quinidine (Saito).2’
Another evidence is that the relaxant effect of ATP was not affected by
tetrodotoxin (Burnstock et al).l

Moreover the results of the effect of ATP obtained from the guinea-pig ileum
were little complex. That is, the effects of ATP on the mechanical response of
the guinea-pig ileum were excitatory or diphasic (Burnstock et al,l> Burnstock et
al).3» To understand the effect of ATP on the response of intestinal smooth
muscle, this experiment was carried out.

METHODS

Small intestine from cats anaesthetized by an intraperitoneal injection of
alpha-chloralose was removed. Segments of ileum were mainly used but some
experiments were made by segments of duodenum or jejunum. The experimental
methods in the present study were the same as those described in the previous
paper (Ohkawa).#> The following drugs were used ; atropine sulfate, adenosine—
5’-monophosphate disodium (AMP), adenosine-5’-diphosphate trisodium (ADP),
adenosine-5’-triphosphate (ATP), guanin, imidazole, noradrenaline bitartrate,
phentolamine hydrochloride, phenoxybenzamine hydrochloride, quinidine sulfate,
hexamethonium bromide, procaine hydrochloride and tetrodotoxin (TTX). The
final concentrations in the bath are expressed as salt. '
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RESULTS

Effects of ATP and its related compounds

Segments of the small intestine of cat usually showed the spontaneous mechanical
activity in normal solution but the magnitudes and intervals of successive phasic
contractions were irregular.  When atropine 10—6 g/ml was applied, the phasic
contraction was slightly inhibited in its magnitude and frequency. Usually the
preparation was immersed in atropine during I15min or more before applying
ATP, its related compounds or other drugs.

Low concentration (10~7 —-10—6 g/ml) of ATP had no considerable inhibitory
effect on the contractile activity of atropinized preparation. When ATP (10~5g/ml])
was applied, the contractile activity was decreased, i. e., the tone was decreased
and the magnitude and frequency of phasic contraction were reduced. At high
concentration (10~4g/ml) of ATP, the mechanical activity of atropinized segment
was immediately abolished. = The tone was also reduced. After washing out, the
mechanical activity was recovered but the recovery took long period. In the
guinea-pig ileum, a rebound phenomenon was observed after washing out the ATP
solution (Burnstock et al).> Similar results on the taenia coli had been also
reported (Bennett,5> Campbell6’). However, the rebound excitation phenomenon
was not seen in the segment of cat ileum. The concentration of ATP 10—5 g/ml
was used in the following experiments. Fig. 1 shows the relaxant effect of ATP
on the mechanical activity of atropinized segment.

Effects of ADP or other related drugs were also examined. ADP produced the
relaxant effect on the mechanical activity of the atropinized preparation. The
tone was gradually and slightly reduced and the magnitude of phasic contraction
was also decreased slightly in the low concentration of ADP (10~6 g/ml). After
washing out, the activity was recovered immediately. However, strong inhibition
on the contractile activity was produced by ADP 10~4 g/ml as shown in Fig. 2.
Adenosine (10~5 g/ml) and AMP (10~5 g/ml) also exhibited the relaxant effects
on the spontaneous mechanical activity of the atropinized preparation (Fig. 2 B
& C). However, guanin (105 - 10~¢ g/ml) had no relaxant effect (Fig. 2 D).
Effects of TTX and hexamethonium on ATP

In TTX (1.6 X 10~7 g/ml), the contractile activity was no change in the magni-
tude and frequency. In some preparations, the magnitude was slightly increased
during exposure to TTX. After TTX, the addition of ATP (10—5 g/ml) caused
the relaxation in tone and decreased the magnitude and frequency of the phasic
contraction. Hexamethonium (10—4g/ml) produced the small relaxation in tone
and the decrease in the magnitude of phasic contraction. Further relaxation in
tone and inhibition of the phasic contraction were observed by additional treatment
with ATP 10~5g/ml. The inhibitory effects of ATP in TTX or hexamethonium
were shown in Fig. 3.
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Fig. 1. Effect of ATP on the contractxlc activity of the cat small intestine.
In concentrations ranging between 10-7 and 10-¢ g/ml, ATP was examined.
Slight decreases in tone were observed in ATP 10-7 and 10~¢g/ml. Tone and
the magnitude of phasic contraction were reduced by ATP 10-5g/ml. ATP
10—4g/ml inhibited the contactile activity strongly. Calibration, 5 min and Ig.
W indicates the washing out by normal solution (Fig. 1 -5).
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Fig. 2. Effects of ATP related drugs on the contractile activity of the cat small intestine.
A ; In concentrations ranging between 10—¢ -10~4 g/ml, ADP inhibited the
contractile activity with increasing the concentrations of ADP. B and C show
the relaxant actions of adenosine 10-5g/ml and AMP 10-5g/ml. D; In
concentrations ranging between 10—5 -10—¢g/ml, guanin did not affect the
phasic contraction. The drugs were applied during the period indicated by
each underbar. Calibration, 5 min and lg.

Effects of a-adrenergic blocking drugs on ATP

Bueding et al?” reported that imidazole inhibited the effect of ATP on the
guinea-pig taenia coli. In the cat ileum, imidazole (3 X 10~4g/ml) exhibited the
inhibitory effect immediately. The decreases in tone and magnitude of phasic
contraction were produced by imidazole. After 15min in imidazole, the addition
of ATP (10-5g/ml) still caused the relaxant effect on the mechanical activity
(Fig. 4 A). In phenoxybenzamine (10—5g/ml) or phentolamine (3 X 10—5g/ml),
the inhibitory effect by ATP (10—5g/ml) was produced. - After the contractile
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activity was inhibited by ATP (10~5g/ml), noradrenaline in concentration of
3 X 10—6g/ml caused further relaxation. The phasic contraction was completely
inhibited.

167 e
TIX 1.6x10 ATP1O w

. -4 1 -5 .
Hexa 10 ATP10 w

Fig. 3. Effects of TTX and hexamethonium on the relaxant action of ATP.
TTX (1.6x10~7g/ml) had no effect on the contractile activity. After TTX,
the addition of ATP 10-3g/ml caused the relaxation. Hexamethonium
10—4g/ml exhibits the inhibitory effect on the mechanical activity.

ATP 10-5g/ml produced further relaxation after the treatment of
hexamethonium. Calibration, 5 min and lg.
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Fig. 4. Effects of a-adrenergic blocking drugs on the relaxant effect of ATP.
After imidazole (A ; 3x10~4g/ml), phenoxybenzamine (B; 10—3g/ml) and
phentolamin (C ; 3x10-5g/ml), further relaxations were observed by the
addition of ATP 10-5g/ml. After ATP 10-%g/ml, noradrenaline 3% 10~6g/ml

produced further inhibition on the contractile activity (D). Calibration, §
mim and lg. :
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E ffects of quinidine and procaine on ATP

Quinidine in concentration of 10~5g/ml showed the inhibitory effect on the
spontaneous contractile activity of the atropinized preparation (Fig. 5 A). The
magnitude of the contraction was reduced and the frequency was slightly reduced.
In the presence of both quinidine (10—4g/ml) and atropine (10—6g/ml) in which
the rhythmic contractions were still present, ATP (10~5g/ml) had no effect on the
spontaneous contractions, that is, the magnitude and the frequency of the phasic
contraction were not changes (Fig. 5 B). Fig. 5 C shows the inhibitory effect
of noradrenaline (3 X 10—6g/ml) in the presence of quinidine (10—¢g/ml) and
atropine (10~6g/ml). The phasic contractile activity was abolished immediately by
the treatment of noradrenaline. '

It had been reported that an inhibitory effect of procaine on the inhibitory
junction potential of the avian gizzard smooth muscle cell membrane (Furness).®?
After atropine (10—6g/ml), procaine in concentration of 10~5g/ml had nearly no
effect on the phasic contractions initially. After 10min in procaine 10~5g/ml,
the magnitude of the phasic contraction was slightly reduced. The additional
application of ATP 10—5g/ml after atropine and procaine showed the inhibitory
effect on the magnitude of the phasic contraction. The tone of the preparation
under such conditions was slightly decreased. In high concentration of procaine
(10—4g/ml) with atropine (10—6g/ml), the contractile activity was potentiated, i.
e., the tone was increased but the frequency of the phasic contraction was
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Fig. 5. Effects of quinidine and procaine on the relaxant action of ATP,

A ; After atropine 10~%g/ml, quinidine 10-5g/ml produced the relaxation.
B; After atropine 10-6g/ml and quinidine 10—4g/ml, ATP 10—3g/ml was
applied at the mark. No relaxant effect of ATP was observed. C; After
atropine 10~6g/ml and quinidine 10—4g/ml, noradrenaline 3x 10—6g/ml
produced the strong inhibition on the mechanical activity. D and E; After
procaine (10-5-10—4g/ml), ATP 10—-5g/ml still exhibited the relaxant action.
Calibration, 5 min and lg.
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reduced. ATP (10-5 g/ml) under the presence of atropine (106 g/ml) and
procaine (10—¢ g/ml) exhibited the inhibitory effect on the activity. Fig. 5 D
and E show the effect of ATP in procaine.

DISCUSSION

In the present experiment, the relaxant effects of ATP or its related com-
pounds were shown on the contractile activity of the cat small intestine. In
many intestinal segments, the relaxant effect of ATP had been reported except
guinea-pig ileum (Burnstock et al,3 Satchell et al,9> Saito,2> Suzuki et al,1®
Axelsson et al,11>). Burnstock et al®> suggested the possibility that ATP or its
related nucleotides is the transmitter substance released from non-adrenergic
inhibitory nerves in the gut.

Further relaxation produced by the addition of noradrenaline after ATP sug-
gests the different types in the innervation to the intestinal smooth muscles. That
is, the presence of different types of receptors in the smooth muscle cell membrane
are considered. Similar results were obtained by ATP after phenoxybenzamine,
phentolamine and imidazole. However, the possibility that ATP had a direct
inhibitory effect to the smooth muscle without affecting to nervous factors is
present, TTX is known the inhibitor of nerve activity. It is also known that
action potentié.ls in smooth muscle was not blocked by TTX (Kuriyama et al),12
In the present experiment, the spontaneous mechanical activity of cat ileum was
not inhibited but increased slightly in the magnitude of phasic contraction. Similar
result was obtained in the previous paper (Ohkawa).4

After TTX or hexamethonium which may block the activity of intrinsic neu-
rones, ATP still showed the relaxant effect. These results also suggest that the
direct effect of ATP to smooth muscle. However, ATP did not show the relaxant
effect in quinidine. The antagonized action of quinidine on ATP had been
reported (Burnstock et al). From the results above mentioned, the mechanism
of the direct inhjbitory action of ATP to.smooth muscle without affecting to
nervous factors may be unlikely. However, it had been reported that ATP
hyperpolarized the cell membrane of taenia coli smooth muscle in the presence
of quinidine (Saito).2> Noradrenaline showed a relaxant effect in quinidine. The
presence of different type receptors in the smooth muscle cell membrane is again
suggested from this result.

Furness®> reported that procaine blocks the inhibitory junction potential in smooth
muscle of the guinea-pig colon. The increase in tone and phasic contraction may
due to the blocking action of procaine to the inhibitory junction potential while
the possibility that procaine has a direct excitatory action to smooth muscle is still
remained. The relaxant effect of ATP in procaine was obtained in the present
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experiment. One possible explanation is that procaine inhibits only the adrenergic
inhibitory neurones.

An alternative view is that ATP stimulates the release of transmitter substance
from the non-adrenergic inhibitory neurones. It is possible to conclude tentatively
that three types of the intrinsic nerves are present in cat small intestine and that
ATP could be a transmitter substance released from non-adrenergic inhibitory
neurones. Further study on the mechanism of the relaxant effect of ATP or its
related compounds is required.

SUMMARY

1. Effects of ATP and its related compounds on the contractile activity of the
cat small intestine were examined.

2. ATP, ADP, AMP and adenosine exhibited the relaxant effect on the mecha-
nical activity of atropinized segments but guanin had no inhibitory effect.

3. After TTX or hexamethonium, ATP still had an inhibitory effect on the
contractile activity.

4. ATP showed the relaxant action in a-adrenergic blocking drugs and in
procaine, but not showed the relaxant action in quinidine.

5. The possibility on the presence of non-adrenergic inhibitory nerves and its
transmitter substance was discussed.
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