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Indirect action of 5-hydroxytryptamine on the isolated

muscularis mucosae of the guinea-pig oesophagus

Yuichiro Kamikawa & Yasuo Shimo

Department of Pharmacology, Dokkyo University School of Medicine, Mibu, Tochigi 321-02, Japan

1 The site of action of 5-hydroxytryptamine (5-HT) was examined on the isolated muscularis
mucosae attached to the submucous plexus of the guinea-pig oesophagus. Isotonic responses of the
longitudinal muscularis mucosae were recorded.

2 5-HT produced a transient contraction of the muscularis mucosae at concentrations higher than
3 uM. The contraction was rapid in onset, reaching a peak in about 15s or less, and was restored to
the basal level after 20 to 30 s without washing out 5-HT. When the 5-HT-induced contraction faded
to the basal tone, successive applications of 5-HT no longer produced any contracture.

3 Nicotine (Nic), at concentrations higher than 10 uM, also produced a transient contraction which
had a very similar pattern to that induced by 5-HT. Again, the successive application of Nic no longer
produced any contracture following prior treatment with Nic itself. However, the 5S-HT-induced
contraction was not modified by the presence of Nic.

4 Exogenously applied acetylcholine (ACh) produced a concentration-dependent contraction of
the muscularis mucosae, the 50% effective concentration (ECso) was 69 5.6 nM. The contraction
was sustained during incubation with ACh, and was not modified by prior treatment with 5-HT or
Nic.

5 The 5-HT (100 uM)-induced contraction was completely abolished by tetrodotoxin (0.2 uM) and
atropine (0.2 uM). This means that the action is mediated by stimulating cholinergic nerves in the
submucous plexus attached to muscularis mucosae. Moreover, the stimulating action of 5-HT does
not involve nicotinic receptors, since the action was not blocked by hexamethonium (100 uM).

6 Among several 5-MT antagonists examined, methysergide (1uM), ketanserin (1uM) and
morphine (100 uM) failed to modify the 5-HT (100 uM)-induced contraction significantly. Cinanse-
rin (0.1-3 uM), cyproheptadine (3-100nM) and phenoxybenzamine (0.1-3 uM) inhibited the
5-HT-induced contraction, in a concentration-dependent manner, and each highest concentration
abolished the response. However, none of these antagonists was specific for 5-HT, but the Nic
(100 uM) or ACh (0.1 uM)-induced contractions were also inhibited by them.

7 The present results indicate that 5-HT contracts the muscularis mucosae of the guinea-pig
oesophagus indirectly by stimulating cholinergic nerves in the submucous plexus, and has no direct
action on the muscularis mucosae. In addition, the type of 5-HT receptors responsible for the
stimulant action may be different from those in other parts of the gastrointestinal tract, blood vessels
or brain, because of the different effects of S-HT antagonists.

Introduction

There is much evidence to suggest that 5-
hydroxytryptamine (5-HT) may be a gastrointestinal
neurotransmitter (Biilbring & Gershon, 1967; Costa
& Furness, 1976; Gershon, Robinson & Ross, 1976;
Wood & Mayer, 1978; 1979; Costa & Furness,
1979a; Gershon & Tamir, 1981; Ahlman, Demagis-
tris, Zinner & Jaffe, 1981; Gershon, 1981; Furness &
Costa, 1982). Endogenous 5-HT observed in the
mammalian gastrointestinal tract is stored mainly in
mucosal enterochromaffin cells (Erspamer & Asero,
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1952) but partly in intramural nerves, and may regu-
late gut motility. Exogenously applied 5-HT con-
tracts gastrointestinal smooth muscles. The response
is mediated not only by a direct action on the smooth
muscle but also by an indirect action on intramural
nerve plexuses (Gaddum & Picarelli, 1957; Day &
Vane, 1963; Brownlee & Johnson, 1963; Gershon,
1967; Drakontides & Gershon, 1968; Yamaguchi,
1972; Burleigh, 1977; Costa & Furness, 1979b).
These two kinds of action of 5-HT seem to be

© The Macmillan Press Ltd 1983



104 YUICHIRO KAMIKAWA & YASUO SHIMO

mediated by two types of S-HT receptors, which had
been named the M and D receptors by Gaddum &
Picarelli (1957). The M receptors, which can be
blocked by morphine, are present in nervous struc-
tures and the D receptors, which can be blocked by
phenoxybenzamine, are in the smooth muscle. How-
ever, this nomenclature has been questioned because
of the poor specificity of these blocking drugs (Paton,
1957; Drakontides & Gershon, 1968; Cook, 1971)
and at present more than two subtypes of 5-HT
receptor have been proposed (Wallis, 1981).

Most physiological and pharmacological studies on
the action of 5-HT in the gastrointestine have been
performed on longitudinal or circular smooth muscle
and on the myenteric plexus which is located between
these two muscle layers. However, there are few
reports based on experiments using the muscularis
mucosae (Bartlet, 1968) and the submucous plexus
(Hirst & Silinsky, 1975) which are located in sub-
mucosal layers. The isolated muscularis mucosae of
the guinea-pig oesophagus contains a submucous
plexus which includes cholinergic nerve cell bodies,
independent of the myenteric plexus (Kamikawa &
Shimo, 1979). This is a suitable preparation for exa-
mining the actions of drugs on the submucous plexus
and muscularis mucosae of the alimentary tract
(Kamikawa, Shimo & Uchida, 1982; Kamikawa &
Shimo, 1982a). Previously, Bartlet (1968) showed
that 5-HT produced a contraction of this tissue which
is partially blocked by methysergide or hyoscine. Our
previous paper (Kamikawa & Shimo, 1982a) demon-
strated that low concentrations (less than 3 uM) of
5-HT facilitate cholinergic neurotransmission in this
preparation via a prejunctional mechanism. This led
us to re-examine the action of 5-HT and the receptor
types in the submucous plexus and muscularis
mucosae. The results indicate that S-HT produces a
contraction of the isolated muscularis mucosae of the
guinea-pig oesophagus induced by stimulating
cholinergic nerves in the submucous plexus, and that
it has no direct action on muscularis mucosae. A
preliminary account of some of these results has been
given (Kamikawa & Shimo, 1982b).

Methods

Male guinea-pigs (300 to 600 g) were stunned, the
oesophagus excised and the isolated muscularis
mucosae attached to the submucous plexus was pre-
pared (Kamikawa & Shimo, 1979). Briefly, the ex-
cised oesophagus was pinned on a cork mat immersed
in Tyrode solution. The outer striated muscle coat
was cut longitudinally, and gently peeled away leav-
ing an inner tube. The tube including the longitudinal
muscularis mucosae, about 15mm long without a
load, was immersed in a 15 ml organ bath filled with

Tyrode solution of the following composition (mM):
NaCl 136.8, KCl 2.7, CaCl, 1.8, MgCl, 1.05,
NaHCO; 11.9, NaH,PO, 0.42, disodium edetate
(EDTA) 0.03, ascorbic acid 0.12 and glucose 5.56
(pH 7.4). The Tyrode solution always contained
20 uM choline chloride and was bubbled with 5%
CO; and 95% O,, and maintained at 37°C. The
preparation was suspended under a 0.3 g load and
60min was allowed to elapse before experiments
were started. Responses of the longitudinal mus-
cularis mucosae were recorded isotonically by means
of an isotonic transducer (MEC-1411) and a Nihon
Kohden polygraph recorder (RJG-4004).

The data obtained are expressed as
mean * s.e.mean. Each experimental group consisted
of 8-15 preparations taken from different animals.
Student’s ¢ tests for paired or unpaired observations
were used for statistical evaluation of the data. P
values smaller than 0.05 were considered to be sig-
nificant.

Drugs used were 5-hydroxytryptamine creatinine
sulphate  (Nakarai), nicotine tartrate, hex-
amethonium chloride, atropine sulphate (Wako),
acetylcholine chloride (Daiichi), tetrodotoxin (Sank-
yo), methysergide bimaleate (Sandoz), ketanserin
tartrate (R41 468, Janssen-Kyowa), morphine hyd-
rochloride (Dainippon), cinanserin hydrochloride
(Squibb), cyproheptadine hydrochloride (Nippon
Merck-Banyu) and phenoxybenzamine hydroch-
loride (Tokyo Kasei). To prepare stock solutions, all
drugs were dissolved in 0.9% w/v NaCl solution
(saline). Further dilutions were made with Tyrode
solution each day. The molar concentrations of drugs
described in this paper refer to the final bath concent-
rations.

Results

The isolated muscularis mucosae of the guinea-pig
oesophagus usually showed neither tone nor spon-
taneous activity. 5-HT, at concentrations up to 1 uM,
had no significant influence on the tone of the mus-
cularis mucosae. Above 1 uM, 5-HT produced a con-
traction of the muscularis mucosae which had a rapid
onset, reaching a peak in about 15s or less (Figure
la). When 5-HT was left in the organ bath, the
contraction soon began to fade and the basal tone was
re-established within 20 to 30 s. In a few preparations
(8 out of 72), the 5-HT-induced transient contraction
was followed by a gradual increase in tone, the height
of which was usually smaller than that of the initial
contraction. When the basal tone had been re-
established without washing out 5-HT from the bath,
further addition of a higher concentration of 5-HT no
longer produced any contracture (Figure 1b). The
response to 5-HT was also reduced when the agonist
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Figure 1 The contractile responses to S-hydroxytryptamine (5-HT, 100 pM), nicotine (Nic, 100 uM), and acetyl-
choline (ACh, 0.1uM) of the isolated muscularis mucosae of the guinea-pig oesophagus. Both 5-HT and Nic
produced a transient contraction, while ACh produced a sustained one (a). When the tone induced by 5-HT and Nic
had declined to the basal level without washing out either drug, further additions of a higher concentration of each
agonist no longer produced any contracture (b). However, prior treatment with Nic did not modify the 5-HT-
induced contraction (c). Vertical calibration shows S mm shortening of the tissue; horizontal calibration is 2 min.

was re-applied to the bath within 10 min of washing
out the previous dose of 5-HT. These results indicate
a rapid development of tachyphylaxis or desensitiza-
tion to the action of S-HT in this tissue. To obtain
reproducible responses, the interval between doses
required was 20-30 min. A very similar pattern of
contractile responses of the muscularis mucosae was
also observed with nicotine (Nic) at concentrations
higher than 10 uM. The contraction reached a peak in
about 30 s or less, and soon began to fade, the basal
tone being re-established within about 60s (Figure
1a). When the contraction had faded completely, the
successive addition of Nic produced no contracture
(Figure 1b). However, as shown in Figure 1c, 5-HT
(100 uM) produced a contraction even in the pres-
ence of Nic (100 uM). A similar result was obtained
when the order of application of these agonists was
reversed. The results suggest that the contractile
responses to 5-HT and Nic are mediated by separate
types of receptors. On the other hand, acetylcholine
(ACh, 0.003-3 uM) produced a contraction of the
muscularis mucosae which had a rapid onset and
which was sustained throughout the drug application
(Figure la). The contraction was not significantly
modified by pretreatment with S-HT (100 uM or Nic
(100 uM). The contractile response to ACh was de-
pendent on the concentration and the maximum was
obtained at 3 uM (Figure 2). As shown in Figure 2,
the concentration-response curves for 5-HT and Nic
were located to the right of that for ACh and the
maximum responses to 5-HT and Nic were approxi-
mately 60% and 70% of the maximum induced by
ACh (3 uM), respectively, As suggested from the
standard errors of the mean, the magnitudes of the

responses to 5-HT and Nic varied from preparation
to preparation, while that to ACh was quite constant
in all preparations. In subsequent experiments to
analyse its site of action, 5-HT was used in a concent-
ration of 100 uM, and was compared with responses
to Nic (100 uM) and ACh (0.1 uM). To avoid the
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Figure 2 Log concentration-response curves for the
contractile responses to acetylcholine (ACh, O, n=15),
S-hydroxytryptamine (5-HT, O, n=12) and nicotine
(Nic, @, n=11) of the isolated muscularis mucosae of
the guinea-pig oesophagus. ACh was added cumulative-
ly. 5-HT and Nic were applied to the tissue in single
doses; each concentration was applied at random with a
30 min interval between doses. The concentrations (uM)
of ACh, 5-HT and Nic which produced a 50% contrac-
tion of the maximum (induced by 3 uM of ACh) were
0.069+0.006, 158.4+50.7 and 107.9%31.6, respec-
tively. Each point represents the mean response; vertical
lines show s.e.mean.
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Figure 3 The effects of tetrodotoxin (TTX, 0.2 uM),
hexamethonium (Cg, 100 uM) and atropine (0.2 uM) on
the contractile responses to 5-hydroxytryptamine (5-
HT, 100 puM; open columns), nicotine (Nic, 100 uM; solid
columns) and acetylcholine (ACh, 0.1 uM; hatched col-
umns) of the isolated muscularis mucosae of the guinea-
pig oesophagus. The antagonists were applied to the
tissues 5Smin before the addition of agonists. 5-HT-
induced contractions were abolished by TTX and at-
ropine, but not by C¢. Numbers in parentheses under
each column are the numbers of observations.
** P<0.001; NS, not significant. The differences were
examined by the paired ¢ test.
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Figure 4 The effects of methysergide (1 uM), ketanse-
rin (1 uM) and morphine (100 uM) on the contractile
responses to 5-hydroxytryptamine (5-HT, 100 uM; open
columns), nicotine (Nic, 100 uM; solid columns) and
acetylcholine (ACh, 0.1 uM; hatched columns) of the
isolated muscularis mucosae of the guinea-pig
oesophagus. The antagonists were applied to the tissues
5 min before the addition of agonists. S-HT-induced
contractions were not significantly modified by
methysergide, ketanserin and morphine, while Nic-
induced contractions were significantly depressed by
morphine. Numbers in parentheses under each column
show numbers of observations. " P<<0.001; NS, not
significant. The differences were examined by the paired
ttest.

C6100 uM  Atropine 0.2 uM

development of tachyphylaxis, the intervals between
doses of these agonists were 30 min.

The 5-HT (100 uM)-induced transient contraction
was abolished by tetrodotoxin (0.2 uM) and atropine
(0.2 uM), but not by hexamethonium (100 uM) (Fig-
ure 3). The biphasic response to S-HT observed in a
few preparations (n = 8) was also abolished by tet-
rodotoxin (0.2 uM) and atropine (0.2 uM). The Nic
(100 uM)-induced contraction was also abolished by
tetrodotoxin (0.2 uM), hexamethonium (100 uM) and
atropine (0.2 uM), whereas that to ACh (0.1 uM) was
abolished only by atropine (0.2 uM) (Figure 3). These
results indicate that 5-HT contracts the isolated mus-
cularis mucosae of the guinea-pig oesophagus by an
indirect action by stimulation of cholinergic nerves
via non-nicotinic receptors in the attached submuc-
ous plexus. Both methysergide and ketanserin, an-
tagonists of 5-HT, at concentrations less than 1 uM,
failed to modify the 5-HT-induced transient contrac-
tion. At 1puM, the antagonists appeared to augment
the response to 5-HT but not to Nicand ACh, but the
effect was not statistically significant (Figure 4).
Above 10uM, both antagonists produced a weak
contraction of muscularis mucosae. Morphine, in
concentrations up to 100 uM, also failed to modify the
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Figure 5 A comparison of the antagonism by cinanse-
rin of the contractions induced by 5-hydroxytryptamine
(5-HT, 100 uM; O), nicotine, (100 uM; @) and acetyl-
choline (ACh, 0.1 uM; O) in the isolated muscularis
mucosae of the guinea-pig oesophagus. Cinanserin was
applied to the tissues 5 min before the addition of
agonists. The ordinate scale shows the amplitude of the
response as a percentage of the control. Each point
represents the mean response; vertical lines show s.e.
mean. Numbers of observations are shown in Table 1.
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Figure 6 A comparison of the antagonism by cyp-
roheptadine of the contractions induced by 5-
hydroxytryptamine (5-HT, 100 uM; O), nicotine (Nic,
100 uM; @) and acetylcholine (ACh, 0.1 uM; O) on the
isolated muscularis mucosae of the guinea-pig
oesophagus. Cyproheptadine was applied to the tissues
5 min before the addition of agonists. Each point repres-
ents the mean response; vertical lines show s.e.mean.
Numbers of observations are shown in Table 1.

response to 5-HT, but reduced that to Nic by some
50% whereas that to ACh was unaffected (Figure 4).
Cinanserin, at concentrations above 0.1 uM, inhi-
bited the 5-HT-induced -contractions, in a
concentration-dependent manner, and at 3uM
abolished the response (Figure 5). However,
cinanserin more effectively inhibited Nic-induced
contractions whereas that to ACh was hardly af-
fected. On the other hand, cyproheptadine at con-
centrations higher than 3 nM, inhibited the responses
to all three agonists, being most effective against
5-HT and Nic, and slightly less effective against ACh;
at 100 nM cyproheptadine abolished the responses to
5-HT and Nic (Figure 6). Phenoxybenzamine also

100
r

Response (% of control)
e
o
T

oL

r T T 1
Control 0.1 0.3 1 3
Phenoxybenzamine (um)
Figure 7 A comparison of the antagonism by phen-
oxybenzamine of the contractions induced by 5-
hydroxytryptamine (5-HT, 100 uM; O), nicotine (Nic,
100 uM; @) and acetylcholine (ACh, 0.1 um; 0O) in the
isolated muscularis mucosae of the guinea-pig
oesophagus. Phenoxybenzamine was applied to the tis-
sues 5 min before the addition of agonists. Each point
represents the mean response; vertical lines show s.e.
mean. Numbers of observations are shown in Table 1.

inhibited the responses to all three agonists to similar
degrees, at concentrations higher than 0.1 uM, and at
3 uM completely abolished all responses (Figure 7).
Table 1 summarizes the 50% inhibitory concentra-
tions (ICsg) of cinanserin, cyproheptadine and
phenoxybenzamine on the contractile responses to
the three agonists. The ICsy value for cinanserin
against 5-HT was significantly higher than that
against Nic, but clearly lower than that against ACh.
The value for cyproheptadine against 5-HT was not
significantly different from that against Nic, but was
significantly lower than that against ACh. The values
for phenoxybenzamine against the three agonists
were not significantly different. The inhibitory ac-

Table 1 Concentrations causing 50% inhibition (ICsg) for cinanserin, cyproheptadine and phenoxybenzamine on
the contractile responses to 5-hydroxytryptamine (5-HT), nicotine (Nic) and acetylcholine (ACh) of the isolated

muscularis mucosae of the guinea-pig oesophagus

ICs0 (um)
5-HT (100 um) Nic (100 M) ACh (0.1uM)
Cinanserin 0.79 +0.07 (10) 0.47 +0.08 (10)° >30(10)
Cyproheptadine 0.016+£0.002 (11) 0.020%0.005 (10)Ns 0.027+£0.002 (8) *

Phenoxybenzamine 1.24 *+0.24 (12)

0.89 +0.16 (10)™

0.99 +0.16 (8)™

Numbers in parentheses show numbers of observations. Values are mean +s.e.mean. *P< 0.05; *pP<0.01 ; NS, not
significant. These were obtained by comparison with the value for 5-HT using an unpaired rtest. (See also Figures

5-7)
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tions of cinanserin and cyproheptadine on the con-
tractile responses to 5-HT or Nic were fully reversi-
ble and 60 min after washing out these antagonists
from the bath almost the same size of contraction as
with the control was obtained. However, the inhibit-
ory action of phenoxybenzamine was entirely ir-
reversible and even 3 h after washing out the an-
tagonist the responses to three agonists were not
restored.

Discussion

These experiments demonstrate that, in the isolated
muscularis mucosae of the guinea-pig oesophagus,
5-HT produces a contraction induced by stimulation
of cholinergic nerves in the attached submucous plex-
us, and not by any direct action on the muscularis
mucosae itself. Thus 5-HT-induced contractions
were abolished by both tetrodotoxin and atropine. A
very similar indirect action in this tissue was also
produced by Nic. However, the contractile responses
to both 5-HT and Nic are probably mediated by
separate receptors, since cross tachyphylaxis be-
tween 5-HT and Nic was not observed and hex-
amethonium, an antagonist of nicotinic receptors in
autonomic ganglia, abolished the response to Nic, but
not that to S-HT. The lack of a direct action of 5-HT
on the muscularis mucosae contrasts with previous
results obtained on the same tissue (Bartlet, 1968), in
which hyoscine-sensitive, hyoscine-resistant and
methysergide-sensitive contractions had been pro-
duced by 5-HT. The pattern of 5-HT contracture
observed was also different from those obtained in
the present investigation. The cause of these differ-
ences is not clear, but may be due to differences in the
preparation of the isolated muscularis mucosae. We
have noticed that the S-HT-induced contraction var-
ied from preparation to preparation, the reason for
this may be the amount of intact submucous plexus
attached to the isolated muscularis mucosae. To ob-
tain the maximum contraction to 5-HT, it is neces-
sary to isolate very carefully the muscularis mucosae
from the excised oesophagus.

To characterize the type of 5-HT receptors respon-
sible for the stimulant action on the intramural
cholinergic nerves, the effects of several 5-HT an-
tagonists on the 5S-HT-induced contraction were ex-
amined. Methysergide never inhibited, but rather
slightly augmented the 5S-HT-induced contraction, in
spite of evidence to the contrary (Bartlet, 1968).
Methysergide does antagonize the direct action of
5-HT on some smooth muscles (Day & Vane, 1963;
Gyermek, 1966; Drakontides & Gershon, 1968;
Frankhuijzen & Bonta, 1974; Carrol & Nasveld,
1978). Therefore, the lack of antagonism by
methysergide might be comparable with the lack of a

direct action of 5-HT on the muscularis mucosae.
Ketanserin, which was recently developed as a
specific 5-HT, receptor antagonist in the brain or
blood vessels (Leysen, Awouters, Kennis, Laduron,
Vandenberk & Janssen, 1981; Van Nueten, Janssen,
Van Beek, Xhonneux, Verbeuren & Vanhoutte,
1981; Van Nueten, Janssen, De Ridder & Vanhout-
te, 1982) also did not inhibit the response to S-HT.
This may mean that the types of 5-HT receptor in this
tissue differ from those in the brain or blood vessels.
Morphine also failed to modify the 5S-HT-induced
contractions even at a high concentration (100 uM).
Previously, it had been demonstrated that morphine
effectively inhibits the neural action of 5-HT in the
guinea-pig gastrointestine (Gaddum & Picarelli,
1957; Day & Vane, 1963; Yamaguchi, 1972) and
heart (Kamikawa, 1978). However, the effect of
morphine is not specific for 5-HT, and electrical
stimulation, barium ions, angiotensin and other
agonist-induced contractions of the intestine were
also inhibited by the drug (Paton, 1957; Weinstock,
1971). Our previous paper (Kamikawa & Shimo,
1982a) showed that morphine was less effective in
inhibiting the electrically-induced twitch contrac-
tions of this muscularis mucosae, while in the present
results, the Nic-induced contraction was reduced to
half by the drug. These findings confirmed that mor-
phine is not a specific antagonist of the neural action
of 5-HT. All other three antagonists examined,
cinanserin, cyproheptadine and phenoxybenzamine,
inhibited 5-HT-induced contractions, in a
concentration-dependent manner; cyproheptadine
was the most effective. However, none of these an-
tagonists is specific for 5-HT and both Nic and ACh-
induced contractions were also inhibited. Although
the nonspecificity of these antagonists has also been
reported in other tissues (Gaddum & Picarelli, 1957;
Stone, Wenger, Ludden, Stavorski & Ross, 1961;
Day & Vane, 1963; Rubin, Piala, Burke & Craver,
1964; Gyermek, 1966; Cook, 1971; Leysen et al.,
1981; Williams & Martin, 1982), it has been consi-
dered that the antagonistic activity of these drugs on
the action of 5-HT is due to their direct interactions
on the 5-HT receptors. This seems to be true in the
present preparation, since cinanserin and cyprohep-
tadine, but not phenoxybenzamine, more effectively
imhibited the response to S-HT than that to ACh.
Wallis (1981) has proposed that 5-HT receptors in
the peripheral nervous system are not uniform in
their sensitivity to agonists and antagonists. Accord-
ing to his criteria for classification, the excitatory
5-HT receptors present in intramural cholinergic
nerves of the present tissue can be characterized as
follows; the receptors readily display tachyphylaxis,
can be blocked by 5-HT itself, cyproheptadine,
cinanserin and phenoxybenzamine, but are insensi-
tive to blockade by methysergide, ketanserin and
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morphine. These characteristics are different from
those in other peripheral nervous systems such as
sympathetic and parasympathetic ganglia or in the
myenteric plexus (Wallis, 1981) and therefore may
suggest the presence of different type of S-HT recep-
tors in the muscularis mucosae of the guinea-pig
oesophagus. To determine the exact type of receptor
in this tissue, a specific 5S-HT antagonist will be
required and the sensitivity to analogues of 5-HT
examined.

The previous observation in the guinea-pig small
intestine that iontophoretically applied 5-HT de-
polarizes some submucous neurones (Hirst & Silins-
ky, 1975) and that some myenteric nerve cell bodies
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