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Contractile responses to substance P and related
peptides of 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 substance P and related tachykinins with respect to isotonic contractions was
examined on the isolated muscularis mucosae attached to the submucous plexus of the guinea-pig
oesophagus.
2 Substance P (>30 nM) produced a concentration-dependent contraction of the muscularis
mucosae (EC50 1.9 + 0.5 liM, n = 10). The contractions were rapid in onset (2 min or less), sustained,
reversible by washing and the preparation did not show tachyphylaxis.
3 Eledoisin and physalaemin produced similar sustained contraction of the muscularis mucosae.
The order of sensitivity was eledoisin > substance P > physalaemin. Contractions induced by 1 liM
of each tachykinin were not significantly modified by incubation of the tissue with substance P or

eledoisin (10 jiM for 30 min).
4 The contractile responses to tachykinins were uinaffected by tetrodotoxin (0.3 jiM), atropine
(0.3 jiM), phentolamine (1 jiM), chlorpheniramine (1 jiM), methysergide (1 jiM), baclofen (100 MiM)
and verapamil (10 jiM), but were abolished by the incubation of the tissue with calcium-free, EGTA
(0.1 mM)-containing Tyrode solution.
5 A substance P antagonist, [D-Pro2, D-Trp7'9]-substance P (>0.1 jiM), produced a transient
contraction of the muscularis mucosae and the smooth muscle regained its original tone within 6 to
10 min. Contractions to the tachykinins were now inhibited by the antagonist (0.1-10 JiM) in a

concentration-dependent manner, the order of sensitivity being physalaemin > substance
P = eledoisin.
6 The cholinergically mediated electrically (0.1 Hz,0.5 ms, supramaximal voltage)-induced twitch
contractions of the muscularis mucosae were not significantly modified by substance P
(0.01-0.31M).
7 The present results indicate that substance P and related tachykinins contract the isolated
muscularis mucosae of the guinea-pig oesophagus by a direct action on the smooth muscle, probably
by stimulating SP-E receptors.

Introduction

Since Otsuka and his colleagues presented evidence
that substance P might act as a neurotransmitter
released by primary sensory neurones in dorsal spinal
roots (Otsuka, Konishi & Takahashi, 1975; Otsuka
& Konishi, 1976), the peptide has attracted much
attention concerning its possible role as a neurotrans-
mitter or neuromodulator in both the central and
peripheral nervous systems (Iversen, 1982). By im-
munohistochemical studies, it has been demon-
strated that substance P-containing nerve fibres are
found in all layers of the mammalian gut wall (Jessen,
Saffrey, van Noorden, Bloom, Polak & Burnstock,

1980; Costa, Furness, Llewellyn-Smith & Cuello,
1981). These enteric neurones are considered to act
not only as sensory neurones but also as inter-
neurones or motor neurones, since the peptide pro-
duces excitatory responses of the gut by a direct
action on smooth muscles and by an indirect action
on the intramural nerve plexus (Bury & Mashford,
1977a; Morita, North & Katayama, 1980; Yau &
Youther, 1982; Holzer, 1982; Daniel, Gonda,
Domoto, Oki & Yanaihara, 1982).
Most physiological and pharmacological studies on

the action of substance P in the gastrointestine have
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been performed on longitudinal or circular smooth
muscle and on the myenteric plexus, which is located
between these two muscle layers. However, there is
no report based on experiments using the muscularis
mucosae and the submucous plexus, which are lo-
cated in submucosal 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 prep-
aration for examining the action of drugs on the
submucous plexus and muscularis mucosae of the
alimentary tract (Kamikawa, Shimo & Uchida, 1982;
Kamikawa & Shimo, 1983a,b). Recently, Leander,
Brodin, HAkanson, Sundler & Uddman (1982)
showed that substance P-immunoreactive nerve
fibres are observed in the myenteric and submucous
plexuses and the muscularis mucosae of the guinea-
pig oesophagus. This led us to examine the action of
substance P and related peptides on the submucous
plexus and the muscularis mucosae of this tissue.

Methods

Male guinea-pigs (300 to 500 g) were killed by stun-
ning and bleeding, the oesophagus was excised and
the isolated muscularis mucosae attached to the sub-
mucous plexus was prepared (Kamikawa & Shimo,
1979). Briefly, the excised oesophagus was pinned on
a cork mat immersed in Tyrode solution. The outer
striated muscle coat was cut longitudinally, and gent-
ly peeled away leaving an inner tube. The tube, which
included the longitudinal muscularis mucosae and
was about 15 mm long (unstretched length), was
immersed in a 10 ml organ bath filled with a modified
Tyrode solution of the following composition (mM):
NaCl 136.8, KCI 2.7, CaCl2 1.8, MgCl2 1.05,
NaHCO3 11.9, NaH2PO4 0.42, disodium
ethylenediaminetetraacetic acid (EDTA) 0.03, as-
corbic acid 0.12 and glucose 5.56 (pH 7.4). This
solution was bubbled with 5% CO2 and 95% 02, and
maintained at 37°C.
The preparation was suspended under a 0.3 g load

and 60 min was allowed to elapse before experiments
were started. During this equilibration period, the
tissue was washed with fresh Tyrode solution every
20 min. Responses of the longitudinal muscularis
mucosae were recorded by means of an isotonic
transducer (MEC-1411) and a Nihon Kohden poly-
graph (RJG-4004).

In some experiments when the role of external
calcium ion in the contractile responses of the mus-
cularis mucosae was investigated, the tissue was incu-
bated with the calcium-free medium, in which CaCl2
was omitted and 0.1 mM ethyleneglycol bis(p-
aminoethylether)-tetraacetic acid (EGTA) was

added to the Tyrode solution described above. Elec-
trical stimulation of intramural cholinergic nerves in
the isolated muscularis mucosae was carried out by
means of two coaxial platinum electrodes, the anode
in the lumen and the cathode in the organ bath. To
obtain stable twitch-like contractions, the stimulus
parameters were 0.1 Hz, 0.5 ms and supramaximal
voltage (approx. 40 V) (Kamikawa et al., 1982).
The data obtained are expressed as

mean ± s.e.mean. Each experimental group con-
sisted of 3-10 preparations taken from different
animals. The concentrations of spasmogens required
to produce 50% maximal contraction (EC5o) was
calculated from individual concentration-response
curves. Students's t tests for paired or un-
paired observations were used for statistical evalua-
tion of the data. P values smaller than 0.05 were
considered to be significant.
Drugs used were substance P, eledoisin,

physalaemin, [D-Pro2, D-Trp7'9]-substance P (Pro-
tein Research Foundation), tetrodotoxin, chlor-
pheniramine maleate (Sankyo), atropine sulphate
(Wako), acetylcholine chloride (Daiichi), methyser-
gide (Sandoz), baclofen and phentolamine hydroch-
loride (CIBA-Geigy). All drugs were dissolved in
0.9% w/v NaCl solution (saline). All peptides were
diluted in plastic tubes immediately before use. The
molar concentrations of drugs described in this paper
refer to the final bath concentrations.

Results

Response of muscularis mucosae ofguinea-pig
oesophagus to tachykinins

The isolated muscularis mucosae of the guinea-pig
oesophagus usually showed neither tone nor spon-
taneous activity. Substance P, above 30 nm, pro-
duced a contraction of the muscularis mucosae which
had a rapid onset, reaching a peak in about 1-2 min
(Figure 2a). When substance P was left in the organ
bath, the contraction was sustained at the level of
about 60-80% of the peak response for 30min.
Contraction to substance P (2 gM) was fully reversi-
ble on washing, and repetitive applications every
10 min produced consistent contractile responses.
The response to substance P was concentration-
dependent and the EC50 was 1.9± 0.5 gM (n = 10)
(Figure 1 and Table 1). Similar contractions of the
muscularis mucosae were also obtained with the
other tachykinins, eledoisin or physalaemin; their
EC50 values were 0.3 or 8.3 ,UM, respectively (Figures
1 and 2, Table 1). However, as shown in Figure 1, the
maximum contractions induced by 10 AM of each
tachykinin were less than 70% of that induced by
acetylcholine (10 jiM). Submaximal contractions in-
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Figure 1 Cumulative concentration-response curves
for the contractile responses to acetylcholine ('O,
n = 10), substance P (0, n = 10), eledoisin (0, n = 8)
and physalaemin (U, n = 8) of the isolated muscularis
mucosae of the guinea-pig oesophagus. Each point rep-
resents the mean response; vertical lines show s.e.mean.
Concentrations of tachykinins above 10 JiM could not be
prepared from the commercial peptides used here.

duced by 1 MM of each tachykinin were not modified
by 30 min incubation of the muscularis mucosae with
substance P (10 lM) or eledoisin (10 iM) (n = 4).

b Verapamil 10 M

0
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Ele 2 lim

c Ca2 + -free+EGTA 0.1 mM

SP 2 IM Ele 2 liM

Effect of antagonists

The contractile responses to substance P, eledoisin
and physalaemin were unaffected by tetrodotoxin
(0.3 iM, n = 5), atropine (0.3 Mm, n = 8), phen-
tolamine (1 AIM, n = 3), chlorpheniramine (1 AM,
n = 8), methysergide (1 AM, n = 4) or baclofen
(100 ALM, n = 6). Verapamil (10 IM, n = 12) did not
modify the amplitude of contractions to three
tachykinins (2 LM), but abolished the weak rhythmi-
cal contractions superimposed on the contracture
(Figure 2). However, the contractile responses to the

Table 1 Concentrations causing 50% maximal
contraction (EC5o) for tachykinin, [D-Pro2, D
Trp7 9]-substance P and acetylcholine in the iso-
lated muscularis mucosae of the guinea-pig
oesophagus

Agonist

Substance P
Physalaemin
Eledoisin
[D-Pro2, D-Trp791_

substance P
Acetylcholine

n EC50 (pM) Relative potency

10
8
8

1.9 ±0.5
8.3 ± 2.7
0.3 ±0.12

10 0.28+ 0.06
10 0.06±0.006

1.0
0.2
6.3

6.8
31.7

Relative potency = EC50 of substance P/EC50 of
each agonist. EC50 values are mean ± s.e.mean.

Figure 2 Contractions of the isolated muscularis
mucosae of the guinea-pig oesophagus induced by sub-
stance P (SP, 2 Mm, 0), eledoisin (Ele, 2MM, 0) and
physalaemin (Phy, 2 AM, U). (a) Control responses; (b)
responses in the presence of verapamil (10MM); (c)
responses in the calcium-free, EGTA 0.1 mM containing
Tyrode solution. The responses to the three tachykinins
were not inhibited by verapamil, but were abolished by
incubation of the tissue with calcium-free medium. Ver-
tical calibration shows 5 mm shortening of the tissue;
horizontal calibration is S min. The results shown in (a),
(b) and (c) are obtained from the same preparation.

three tachykinins could not be obtained in prepara-
tions suspended in calcium-free, EGTA (0.1 mM)-
containing Tyrode solution.
A putative substance P antagonist, [D-Pro2, D-

Trp7'9]-substance P (>0.11M), contracted the iso-
lated muscularis mucosae. These contractions were
rapid in onset and reached a peak within 2 min (Fig-
ures 3 and 4). When the antagonist was left in the
organ bath, the contraction faded and the basal tone
was re-established within 6 to 10 min. When the same
concentration of [D-Pro2, D-Trp7,9]-substance P was
re-applied to the bath within 20 min after washing
out the previous dose, no contraction occurred. This
indicates a rapid development of tachyphylaxis.
When the basal tone had been re-established without
washing out [D-Pro2, D-Trp79]-substance P (3 MM)
from the bath, further addition of substance P (2 MM)
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Figure 3 Log concentration-response curves for the
contractions of the isolated muscularis mucosae of the
guinea-pig oesophagus induced by [D-Pro2, D-Trp7'9]-
substance P in the absence (solid line, n = 10) or pres-
ence (dotted line, n = 10) of chlorpheniramine (1 JAM).
Each concentration of [D-Pro2, D-Trp7'9]-substance P
was applied to the tissue separately with a 30 min inter-
val between doses. Ordinate scale, % maximal contrac-
tion induced by acetylcholine (3 Mm). Each point repres-
ents the mean response; vertical lines show s.e.mean.

produced a contraction which was slightly reduced in
amplitude (Figure 4). The inhibitory action of the
antagonist was reversible, and 30 min after washing
out, the response to suibstance P was restored to the
control level. As shown in Figure 5, [D-Pro2, D-
Trp7'9]-substance P (> 0.1 pM) inhibited contractions
to 2 pM of each tachykinin, in a concentration-

5 min

SP 2 M SP 2,uM SP 21/M
[D-Pro, D-Trp79]-SP 3jLMI

mm

Figure 4 Inhibitory action of [D-Pro2, D-Trp791-
substance P (3 yM) on the substance P (SP, 21iM)-
induced contraction of the isolated muscularis mucosae
of the guinea-pig oesophagus. When the tone induced by
[D-Pro2, D-Trp7,91-substance P had declined to the basal
level without washing out the peptide, further addition
of substance P produced a contracture which has slightly
reduced in magnitude. After 30 min washing out of the
antagonist, contraction to substance P was restored to
the control response. Vertical calibration shows 5 mm
shortening of the tissue; horizontal calibration is S min.

0
Corntrol 01 0 3 1 3 10

[D-PrO2, D-Trp7'9]-substance P (liM)
Figure 5 A comparison of the antagonism by [D-Pro2,
D-Trp7'9]-substance P of the contractions induced by
substance P (2 Mm, 0, n = 9), eledoisin (2MLM, *, n = 8)
and physalaemin (2 Mm, U, n = 8) in the isolated mus-
cularis mucosae of the guinea-pig oesophagus. Each
tachykinin was applied to the tissue when the tone
induced by the antagonist had declined to the basal level
without washing out. The ordinate scale shows the amp-
litude of the responses as a percentage of the control.
Each point represents the mean response; vertical lines
show s.e.mean.

dependent manner, being most effective against
physalaemin, but less effective against substance P
and eledoisin.

Effect of electrical stimulation

Transmural electrical stimulation (0.1Hz, 0.5 ms,
supramaximal voltage) of the isolated muscularis
mucosae of the guinea-pig oesophagus produced sta-
ble twitch-like contractions, which were mediated by
stimulation of intramural cholinergic nerves in this
tissue (Kamikawa & Shimo, 1979; Kamikawa et al.,
1982). Substance P (up to 0.1 pM) had no significant
effect on the electrically-induced twitch (Figure 6)
(n = 6). Substance P (> 0. 1Mm) increased the basal
tone of the preparation and, therefore, its effects on
the twitches could not be quantified precisely.

Discussion

These experiments demonstrate that substance P
contracts the muscularis mucosae of the guinea-pig
oesophagus by a direct action on the smooth muscle
and excludes an indirect effect on the attached sub-
mucous plexus, or mast cells. The contractions were
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Figure 6 The effect of cumulatively applied substance
P on the twitch contractions of the isolated muscularis
mucosae of the guinea-pig oesophagus induced by elec-
trical stimulation (0.1 Hz, 0.5ms, supramaximal vol-
tage). Vertical calibration shows 5 mm shortening of the
tissue; horizontal calibration shows 2 min.

unaffected by tetrodotoxin, atropine and chlor-
pheniramine, and the cholinergically mediated
electrically-induced twitch responses of this tissue
were also unaffected by substance P. A similar direct
action on the smooth muscle occurred with eledoisin,
a molluscan tachykinin, and physalaemin, an amphi-
bian tachykinin. The order of potency was eledoisin
> substance P > physalaemin.
The contractile responses to tachykinins of the

guinea-pig oesophageal muscularis mucosae had the
following characteristics: (1) The pattern of contrac-
tures was a sustained increase in tone which was

overlapped with weak rhythmic motility. (2)
Tachyphylaxis by repetitive applications of, or desen-
sitization by long-term application of, tachykinins
was not observed. (3) The responses were resistant to
verapamil but were completely abolished by omitting
the extracellular calcium ion. These characteristics
contrast with those found previously in other gas-
trointestinal smooth muscle preparations. In the
guinea-pig ileum, the contractile responses to
tachykinins had the following characteristics: (1) The
pattern of contractures consisted of phasic and tonic
components, and the latter soon began to fade. (2) A
rapid development of tachyphylaxis or desensitiza-
tion was observed to the action of tachykinins. (3)
The order of potency was physalaemin > substance P
> eledoisin. (4) Substance P stimulated intramur-
al cholinergic nerves in the myenteric plexus (Hedq-
vist & von Euler, 1975; Bury & Mashford, 1977a, b;
Erspamer, Erspamer & Piccinelli, 1980; Holzer,
Emson, Iversen & Sharman, 1981; Holzer, 1982;
Huidobro-Toro, Chelala, Bahouth, Nodar & Musac-
chio, 1982; Lee, Iversen, Hanley & Sandberg, 1982;
Yau & Youther, 1982).
The different characteristics of the contractile re-

sponses to tachykinins of these two preparations can
be explained by the concept of multiple tachykinin

receptors; the existence of heterogeneous popula-
tions of the tachykinin receptor has been postulated
in peripheral tissues (Erspamer et al., 1980; Lee et
al., 1982; Watson, Sandberg, Hanley & Iversen,
1983). The longitudinal muscles of the guinea-pig
ileum contain SP-P type receptors, where
physalaemin acts as the most potent agonist, while
the rat vas deferens contains SP-E type receptors,
where eledoisin acts as the most potent agonist.
Therefore, the order of potency of tachykinins ob-
served in the present experiments suggests that the
guinea-pig oesophageal muscularis mucosae contains
the SP-E type tachykinin receptors. This may also be
supported by the antagonistic potency of newly
synthesized substance P analogues such as [D-Pro2,
D-Trp7'9]- or [D-Arg', D-Pro2, D-Trp7'9, Leull]-
substance P. These substance P analogues antagon-
ized the contractile responses to tachykinins of the
guinea-pig ileum (Bjorkroth, Rosell, Xu & Folkers,
1982) and taenia coli (Leander, H&kanson, Rosell,
Folkers, Sundler & Tornqvist, 1981; Hakanson,
Horig & Leander, 1982), all of which have SP-P type
receptors, in a competitive manner, but failed to
inhibit the response to substance P of the hamster
urinary bladder, which has SP-E type receptors
(Rosell, Bjorkroth, Xu & Folkers, 1983). In the
present tissue, [D-Pro2, D-Trp7'9]-substance P
showed only a weak inhibition on the substance
P-induced contractions. In addition, the substance P
analogue produced a transient contraction of the
muscularis mucosae, which is unlikely to be mediated
by endogenous histamine release from mast cells, as
reported in the guinea-pig taenia coli (Hakanson et
al., 1982), since a histamine HI-antagonist, chlor-
pheniramine, failed to inhibit the response. Spas-
mogenic actions of substance P analogues with an-
tagonistic potency have also been observed in the
guinea-pig or rat urinary bladder (Leander et al.,
1981; Rosell et al., 1983) and in the sphincter pupil-
lae muscle of the rabbit eye (Mandahl & Bill, 1983).
The failure of the calcium antagonist, verapamil, to

inhibit the contractile responses to tachykinins on the
guinea-pig oesophageal muscularis mucosae also
contrasts with the results in the guinea-pig ileum,
where verapamil or D-600 effectively inhibited the
substance P-induced contracture (Bury & Mashford,
1976; Milenov, Nieber & Oehme, 1978). Since con-
tractions to tachykinins were completely abolished
by omitting the extracellular calcium ion in both
preparations, responses to tachykinins require an
influx of extracellular calcium ions in both the
oesophageal muscularis mucosae and the ileal
smooth muscle. There are at least two types of cal-
cium ion channels that could be involved with the
contractions, potential-dependent and receptor-
operated ones (Bolton, 1979). Calcium antagonists,
such as verapamil, selectively block the potential-
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dependent calcium ion channels, but not the
receptor-operated one. The present findings suggest
that, in the oesophageal muscularis mucosae,
tachykinins open the calcium ion channels indepen-
dently of the membrane potential. In the guinea-pig
ileum, however, substance P inactivates potassium
conductance and causes membrane depolarization
which can open the potential-dependent calcium ion
channel (Fujisawa & Ito, 1982; Holzer & Petsche,
1982).

In conclusion, substance P and related tachykinins
produce a contraction of the isolated muscularis

mucosae of the guinea-pig oesophagus, which is
probably mediated by different types of the tachyki-
nin receptor (SP-E receptor) and different mechan-
isms of the calcium entry from those in the ileal
longitudinal muscles. Therefore, the present tissue is
a useful in vitro preparation to study the mechanism
of action of tachykinins.

We are grateful to Eisai Co. for a gift of verapamil, to
CIBA-Geigy for baclofen and phentolamine, and to Sandoz
for methysergide.

References

BJORKROTH, U., ROSELL, S., XU, J.-C. & FOLKERS, K.
(1982). Pharmacological characterization of four re-
lated substance P antagonists. Acta physiol. scand., 116,
167-173.

BOLTON, T.B. (1979). Mechanisms of action of transmitters
and other substances on smooth muscle. Physiol. Rev.,
59,606-718.

BURY, R.W. & MASHFORD, M.L. (1976). Interactions be-
tween local anesthetics and spasmogens on the guinea-
pig ileum. J. Pharmac. exp. Ther., 197,633-640.

BURY, R.W. & MASHFORD, M.L. (1977a). Substance P: its
pharmacology and physiological roles. Aust. J. exp. Biol.
Med. Sci., 55,671-735.

BURY, R.W. &MASHFORD, M.L. (1977b). A pharmacologi-
cal investigation of synthetic substance P on the isolated
guinea-pig ileum. Clin. exp. Pharmac. Physiol., 4,
453-461.

COSTA, M., FURNESS, J.B., LLEWELLYN-SMITH, I.J. &
CUELLO, A.C. (1981). Projections of substance P-
containing neurons within the guinea-pig small intes-
tine. Neuroscience, 6,411-424.

DANIEL, E.E., GONDA, T., DOMOTO, T., OKI, M. &
YANAIHARA, N. (1982). The effects of substance P and
met5-enkephalin in dog ileum. Can. J. Physiol. Phar-
mac., 60, 830-840.

ERSPAMER, G.F., ERSPAMER, V. & PICCINELLI, D. (1980).
Parallel bioassay of physalaemin and kassinin, a tachyki-
nin dodecapeptide from the skin of the african frog
Kassina senegalensis. Naunyn-Schmiedebergs Arch.
Pharmac., 311, 61-65.

FUJISAWA, K. & ITO, Y. (1982). The effects of substance P
on smooth muscle cells and on neuro-effector transmis-
sion in the guinea-pig ileum. Br. J. Pharmac., 76,
279-290.

HAKANSON, R., HORIG, J. & LEANDER, S. (1982). The
mechanism of action of a substance P antagonist (D-
Pro2, D-Trp7,9)-SP. Br. J. Pharmac., 77,697-700.

HEDQVIST, P. & VON EULER, U.S. (1975). Influence of
substance P on the response of guinea-pig ileum to
transmural nerve stimulation. Acta physiol. scand., 95,
341-343.

HOLZER, P. (1982). Different contractile effects of sub-
stance P on the intestine of mammals. Naunyn-
Schmiedebergs Arch. Pharmac., 320, 217-220.

HOLZER, P., EMSON, P.C., IVERSEN, L.L. & SHARMAN,
D.F. (1981). Regional differences in the response to
substance P of the longitudinal muscle and the concent-
ration of substance P in the digestive tract of the guinea-
pig. Neuroscience, 6, 1433-1441.

HOLZER, P. & PETSCHE, U. (1982). Mechanism of the
contractile action of substance P (SP) in the isolated
small intestine of the guinea-pig (GPI). Naunyn-
Schmiedebergs Arch. Pharmac., 321, (Suppl.), R54.

HUIDOBRO-TORO, J.P., CHELALA, C.A., BAHOUTH, S.,
NODAR, R. & MUSACCHIO, J.M. (1982). Fading and
tachyphylaxis to the contractile effects of substance P in
the guinea-pig ileum. Eur. J. Pharmac., 81, 21-34.

IVERSEN, L.L. (1982). Substance P. Br. med. Bull., 38,
277-282.

JESSEN, K.R., SAFFREY, M.J., VAN NOORDEN, S., BLOOM,
S.R., POLAK, J.M. & BURNSTOCK, G. (1980). Im-
munohistochemical studies of the enteric nervous sys-
tem in tissue culture and in situ: localization of vasoac-
tive intestinal polypeptide (VIP), substance P and en-
kephalin immunoreactive nerves in the guinea-pig gut.
Neuroscience, 5, 1717-1735.

KAMIKAWA, Y. & SHIMO, Y. (1979). Cholinergic and ad-
renergic innervations of the muscularis mucosae in
guinea-pig esophagus. Archs int. Pharmacodyn. Ther.,
238,220-232.

KAMIKAWA, Y. & SHIMO, Y. (1983a). Indirect action of
5-hydroxytryptamine on the isolated muscularis
mucosae of the guinea-pig oesophagus. Br. J. Pharmac.,
78,103-110.

KAMIKAWA, Y. & SHIMO, Y. (1983b). Pharmacological
characterization of the opioid receptor in the submucous
plexus of the guinea-pig oesophagus. Br. J. Pharmac.,
78,693-699.

KAMIKAWA, Y., SHIMO, Y. & UCHIDA, K. (1982). Inhibit-
ory actions of catecholamines on electrically induced
contractions of the submucous plexus-longitudinal mus-
cularis mucosae preparation of the guinea-pig
oesophagus. Br. J. Pharmac., 76,271- 277.

LEANDER, S., BRODIN, E., HAKANSON, R., SUNDLER, F. &
UDDMAN, R. (1982). Neuronal substance P in the
esophagus. Distribution and effects on motor activity.
Actaphysiol. scand., 115,427-435.

LEANDER, S., HAKANSON, R., ROSELL, S., FOLKERS, K.,



SUBSTANCE P ON OESOPHAGEAL MUSCULARIS MUCOSAE 149

SUNDLER, F. & TORNQVIST, K. (1981). A specific sub-
stance P antagonist blocks smooth muscle contractions
induced by non-cholinergic, non-adrenergic nerve
stimulation. Nature, 294, 467-469.

LEE, C.M., IVERSEN, L.L., HANLEY, M.R. & SANDBERG,
E.B. (1982). The possible existence of multiple receptors
for substance P. Naunyn-Schmiedebergs Arch. Phar-
mac., 318, 281-287.

MANDAHL, A. & BILL, A. (1983). In the eye (D-Pro2,
D-Trp7'9)-SP is a substance P agonist, which modifies the
responses to substance P, prostaglandin E1 and antid-
romic trigeminal nerve stimulation. Acta physiol. scand.,
117, 139-144.

MILENOV, K., NIEBER, K. & OEHME, P. (1978). A selective
tonic activation of gastrointestinal smooth muscle by
substance P. Archs int. Pharmacodyn. Ther., 235,
219-229.

MORITA, K., NORTH, R.A. & KATAYAMA, Y. (1980). Evi-
dence that substance P is a neurotransmitter in the
myenteric plexus. Nature, 287, 15 1-152.

OTSUKA, M. & KONISHI, S. (1976). Release of substance
P-like immunoreactivity from isolated spinal cord of
newborn rat. Nature, 264,83-84.

OTSUKA, M., KONISHI, S. & TAKAHASHI, T. (1975).
Hypothalamic substance P as a candidate for transmitter
of primary afferent neurons. Fedn. Proc., 34,
1922-1928.

ROSELL, S., BJORKROTH, U., XU, J.-C. & FOLKERS, K.
(1983). The pharmacological profile of a substance P
(SP) antagonist. Evidence for the existence of subpopu-
lations of SP receptors. Acta physiol. scand., 117,
445-449.

WATSON, S.P., SANDBERG, B.E.B., HANLEY, M.R. & IVER-
SEN, L.L. (1983). Tissue selectivity of substance P alkyl
esters: suggesting multiple receptors. Eur. J. Pharmac.,
87,77-84.

YAU, W.H. & YOUTHER, M.L. (1982). Direct evidence for a
release of acetylcholine from the myenteric plexus of
guinea-pig small intestine by substance P. Eur. J. Phar-
mac., 81, 665-668.

(Received June 24, 1983.
Revised August 19, 1983.)


