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Calcitonin gene-related peptide (CGRP)-enhanced
non-adrenergic non-cholinergic contraction of guinea-pig
proximal colon
'Shu-ichi Kojima & Yasuo Shimo

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

1 We have investigated the effect of calcitonin gene-related peptide (CGRP) on non-adrenergic, non-

cholinergic (NANC) excitatory transmission to the longitudinal muscle of the guinea-pig proximal colon.
2 In the presence of atropine (0.3 gM), guanethidine (5 gM), hexamethonium (100 gM) and
indomethacin (3 gM), electrical field stimulation (EFS, 1 Hz, 0.3 ms for 10 s) produced tetrodotoxin-
(300 nM)-sensitive contractions which were reduced by the combined administration of FK 888 (10 gM)
and MEN 10,376 (0.3 gM), to block tachykinin NKI and NK2 receptors, respectively. Thus, the EFS-
induced NANC contractions are a tachykinin-mediated response.

3 CGRP, at concentrations higher than 0.1 nM, caused an increase in the electrically-evoked, NANC
contractions in a concentration-dependent manner and at 10 nm produced a maximal effect
(pEC50 = 9.20 ± 0.17, n = 6).
4 5-Hydroxytryptamine (5-HT, 1-100 nM) also caused an increase in the EFS-induced NANC
contractions in a concentration-dependent manner and at 30 nM produced a maximal effect
(pEC5o= 8.06 + 0.09, n = 4), but calcitonin (10-I00 nM) failed to enhance the EFS-induced NANC
responses. Moreover, a 5-HT4 receptor antagonist, DAU 6285 (3 gM) abolished the enhancing action of
5-HT (30 nM).
5 The combined administration of FK 888 (10 gM) plus MEN 10,376 (0.3 gM) abolished the
enhancement of EFS-induced NANC contractions by CGRP (10 nM), but DAU 6285 (3 gM) had no

effect on the enhancement.
6 Human CGRP8-37 (1 gM), a CGRPI receptor antagonist had no effect on the submaximal
enhancement of the electrically-evoked, NANC contractions by CGRP (1 nM).
7 CGRP (30 nM) had no effect on contractions evoked by exogenous substance P (0.3-1 nM).
8 These results indicate that in the guinea-pig proximal colon, CGRP produced an enhancement of
NANC contraction induced by EFS through prejunctional mechanisms and that the enhancement is
mediated by the stimulation of non-CGRP, receptors located on intramural tachykininergic neurones.
Further, the possible contribution of 5-HT to the enhancing effect of CGRP appeared to be negligible.
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Introduction Methods

Calcitonin gene-related peptide (CGRP) is a 37 amino acid
residue neuropeptide that is widely distributed in the mam-
malian peripheral and central nervous system (Yamamoto &
Tohyama, 1989). In the gut it has been shown to be present
both in sensory and motor neurones (Rodrigo et al., 1985).
CGRP produces relaxation of intestinal smooth muscle
(Maggi et al., 1986), increases gastric mucosal blood flow
(Holzer & Guth, 1991) and stimulates somatostatin release
from antral D cells (Ren et al., 1993).
A neuromodulatory role has also been proposed for CGRP.

In the guinea-pig small intestine, the CGRP-induced contrac-
tion is significantly reduced by atropine suggesting that CGRP
releases acetylcholine from cholinergic nerve terminals (Holzer
et al., 1989). In contrast, CGRP caused dose-dependent in-
hibition of [3H]-acetylcholine release from rat antral tissue
fragments (Ren et al., 1993). CGRP may also affect non-cho-
linergic excitatory neurotransmission as indicated by a sig-
nificant reduction in the atropine-resistant ascending
contraction in the guinea-pig small intestine (Holzer et al.,
1989). The aim of the present study was to investigate the
action of CGRP on non-adrenergic, non-cholinergic (NANQ)
excitatory neurones by elucidating the effect of CGRP on
electrically-evoked, NANC contractions of guinea-pig prox-
imal colon.

Author for correspondence.

Experimental set-up

Male Dunkin Hartley guinea-pigs, weighing 250-600 g,
were anaesthetized with halothane and bled. A segment of
the proximal colon, 2-12 cm apart from the caecum was
removed. Strips of mucosa-free longitudinal muscle from the
proximal colon were prepared as described in a previous
study (Kojima, 1991). The strips were suspended in a
longitudinal direction under a 0.5 g load in 15 ml tissue
baths filled with a modified Tyrode solution (mM: NaCl
136.8, KCI 2.7, CaCl2 1.8, MgCl2 1.05, NaH2PO4 0.42,
NaHCO3 11.9, glucose 5.56, ascorbic acid 0.12) (pH 7.4) at
37°C and bubbled with 5% CO2: 95% 02. The modified
Tyrode solution always contained atropine (0.3 tM) and
guanethidine (5 gM) for the elimination of cholinergic and
adrenergic responses and indomethacin (3 gM), to minimize
endogenous prostanoid biosynthesis in response to electrical
field stimulation (EFS). Hexamethonium (100 tM) was pre-
sent during EFS to ensure that the responses recorded were
the result of stimulation of postganglionic nerves. After
setup, the strips were allowed to equilibrate for at least
60 min with renewal of the bathing solution every 15 min.
Changes in mechanical activity of the tissue were recorded
isotonically (isotonic transducer, Nihon Kohden, TD-112S;
Nihon Kohden recticoder, RJG-3006). To obtain nerve-
mediated contractions of guinea-pig colon, the tissue was
placed between bipolar platinum ring electrodes (5 mm in-
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ternal diameter, 6 mm apart) and connected to a Nihon
Kohden stimulator (SEN-7203). Optimal stimulus para-
meters (rectangular pulse with 1 Hz, 0.3 ms duration for
10 s every 6 min) to obtain tetrodotoxin-sensitive contrac-
tions with stable amplitude were determined in a preliminary
study. Voltage was adjusted to give contractions which were
approximately 37% of the substance P (30 nM)-induced
contraction (6.5-18.5 V). When control responses to EFS
were stable for at least 30 min, the colonic strips were in-
cubated with a single concentration of CGRP (0.1-30 nM),
calcitonin (10-100 nM) or 5-hydroxytryptamine (5-HT; 1-
100 nM) for 5 min and further 4-6 stimulations performed.
In each experiment, substance P, 30 nM, was added at the
first stage of the experimental protocol. When the effects of
tachykinin antagonists, DAU 6285 or human CGRPg-37
were evaluated, the colonic strips were incubated for 20-
60 min with the antagonists before addition of CGRP. In
most cases, one of four preparations served as control and
the three others were used for the study of CGRP in the
presence of a set concentration of antagonist. The effect of
CGRP (30 nM) on exogenous substance P (0.3-1 nM)-in-
duced contractions was evaluated by comparison of the re-
sponse before and after the addition of CGRP in the same
preparation at 40 min intervals.

Analysis of data

The effects of agonists and antagonists on the EFS-induced
contractions were expressed as a percentage of the mean of the
3 consecutive control responses prior to drug addition. The
percentage effects of agonists were plotted as mean values to
obtain log concentration-response curves. pEC50 (-log molar
concentration of the agonist that enhances the response to EFS
by 50% of the maximal effect that can be reached with that
agonist) of agonists was determined from each curve, accord-
ing to the method ofVan Rossum (1963). Means ± s.e.mean of
n experiments are given throughout the paper. Antagonist ef-

a

fects were compared with control experiments and significance
assessed by Student's paired t test. Results were considered
significant if P<0.05.

Drugs

The following drugs were used: atropine sulphate, hexam-
ethonium chloride dihydrate, histamine dihydrochloride
(Wako, Osaka, Japan); guanethidine sulphate (Ciba, Basel,
Switzerland); tetrodotoxin (Sankyo, Tokyo, Japan); substance
P, CGRP (rat, ac-CGRP), human CGRP8-37, calcitonin (hu-
man) (Peptide Institute, Osaka, Japan); 5-HT creatine sulphate
(Merck, Darmstadt, Germany); indomethacin (Sigma, St.
Louis, MO, U.S.A.); DAU 6285 hydrochloride (endo-6-
methoxy- 8-methyl- 8-azabicyclo[3,2,1]oct3 -yl-2,3 -dihydro - 2-
oxo-lH-benzimidazole-l-carboxylate hydrochloride; gift from
Dr. C.A. Rizzi, Boehringer Ingelheim, Milano, Italy); FK 888
(2-(N-Me)indolil)-CO-Hyp-Nal-NMe-Bzl; gift from Fujisawa
Pharmaceutical Co., Ltd., Osaka, Japan); MEN 10,376
([Tyr5,D-Trp6,89,Lys1INKA(4-10) Research Biochemicals Inc,
Natick, U.S.A.). All drugs were initially dissolved in saline
with the following exceptions: indomethacin (100 pM) was
dissolved in distilled water containing equimolar concentra-
tions of Na2CO3, and FK 888 (100 gM) was dissolved in saline
containing 50% dimethylsulphoxide. The vehicles had no ef-
fects on EFS-induced contractions. The reported concentra-
tions are the calculated final concentrations in the bath
solution.

Results

General

Isolated strips of guinea-pig proximal colon exhibited a low-
amplitude spontaneous activity (Figure 1). In the presence of
atropine (0.3 gM), guanethidine (5 gM), hexamethonium

b

-wA A A

t TTX 300 nM

A A A la A A A

CGRP 10lM

Figure 1 Typical tracings showing (a) Contractile response to electrical field stimulation (1 Hz, 0.3 ms for IO s) in the mucosa-free

longitudinal muscle of guinea-pig isolated proximal colon and the effects of (b) tetrodotoxin (TTX, 300 nM), (c) calcitonin gene-
related peptide (CGRP, lOnM) on electrically evoked (A, at 6min intervals) contractions of guinea-pig isolated proximal colon.

Vertical calibration indicates 3mm shortening of the tissue, horizontal calibration indicates (a) 30s and (b), (c) 4min. Atropine
(0.3Mm), guanethidine (5Mm), hexamethonium (100Mm) and indomethacin (3Mm) were present throughout the experiments.
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(100 gM) and indomethacin (3 gM), electrical field stimulation
(EFS, 1 Hz, 0.3 ms for 10 s every 6 min) of the colonic strips
produced a phasic contraction, the amplitude of which aver-
aged to 36.5 + 1.4% of the substance P (30 nM, n= 18)-induced
contraction within a few seconds after the 10 s stimulation
period (Figure la). The submaximal contractions evoked by
EFS were completely abolished by tetrodotoxin (300 nM, n = 4,
Figure lb). Moreover, the contractions evoked by EFS were
significantly reduced (P<0.001) by the combined administra-
tion of a highly selective tachykinin NK1 receptor antagonist,
FK 888 (10 gM) plus, a highly selective NK2 receptor an-
tagonist, MEN 10,376 (0.3 gM) (43.0+6.6%, n=6, compared
to pre-drug control).

Effects of CGRP

CGRP (0.1-30 nM) significantly enhanced neurogenic con-
tractile responses evoked by EFS (P<0.001) in a concentra-
tion-dependent manner, with a maximal effect of
204.3 ± 10.2% at 10 nM, resulting in pEC50 value of 9.20 ± 0.17
(n = 6, Figure 2). In this concentration-range, CGRP did not
produce any contraction of the colonic strips, but caused
suppression of spontaneous activity at concentrations higher
than 1 nM. Removal ofCGRP by repeated washing resulted in
a prompt recovery in the amplitude of the spontaneous ac-
tivity. Tracings showing the two effects of CGRP (10 nM) on
the colonic strips are presented in Figure Ic. As shown in
Figure ic, the enhancing action of CGRP was rapid in onset
and in all strips the maximal effect was reached within 5 min
after the peptide administration. 5-Hydroxytryptamine (5-HT,
1-100 nM, pEC50=8.06+0.09, n=4) also enhanced the EFS-
evoked contractions, but calcitonin (10-100 nM, n = 4) did not
affect the EFS-evoked contractions (Figure 2). The maximal
enhancement by 5-HT (200.2 ± 11.2% at 30 nM) was close to
that produced by CGRP. DAU 6285 (3 gM), a 5-HT4 receptor
antagonist, abolished the enhancement of EFS-induced re-
sponses by 5-HT (30 nM, n = 4, 99.6 ± 1.6% compared to pre-
drug control).

Effects of antagonist

To evaluate the participation of endogenous tachykinins or 5-
HT in the enhancing action of CGRP, the combined admin-
istration of FK 888 plus MEN 10,376 or the effect of DAU
6285 were studied. When the tissue was preincubated with FK
888 (10 uM) plus MEN 10,376 (0.3 gM) for 30 mn, the en-
hancement of the electrically evoked contractions induced by
CGRP (10 nM) was completely prevented (Figure 3).

The substance P (30 nM)-induced contraction (the ampli-
tude of which was 85.2+ 5.8% of 30 /M histamine (n = 6)-in-
duced maximal contraction) was also blocked by
preincubation of the tissue with a combination of FK 888
(10 gM) plus MEN 10,376 (0.3 gM) (2.5±2.2% of 30 MM his-
tamine, n= 6). However, 60 min preincubation of the tissue
with DAU 6285 (3 gM) did not affect the CGRP-induced en-
hancement of the electrically evoked contractions (Figure 4).
Moreover, a CGRP1 receptor antagonist, human CGRP8-37
was tested against the enhancing effects of CGRP. Human
CGRP8 37 (0.3-1 Mm) displayed no significant agonist activ-
ity. Human CGRP8-37 (1 gM) was ineffective against the sub-
maximal enhancement of electrically evoked contractions
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Figure 3 Histogram showing the effect of calcitonin gene-related
peptide (CGRP, 10nM, solid columns) on EFS-induced contractions
(% of substance P, 30 nM) in the absence (a) and presence (b) of both
FK 888 (lO MM) and MEN 10,376 (0.3 Mm). Columns represent mean
values + s.e.mean of 6 experiments. Significantly different from
control response (Cont, open columns), *P<0.001.220 H
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Figure 2 Concentration-response curves for the enhancing effect of
calcitonin gene-related peptide (CGRP, 0), 5-hydroxytryptamine (5-
HT, *) and calcitonin (A) on electrically-evoked contractions of the
guinea-pig isolated proximal colon. The enhancement of neurogenic
contractions was expressed as a percentage of the control response to
electrical stimulation prior to the drug addition. Each point
represents the mean + s.e.mean of 4-6 experiments. Atropine
(0.3pM), guanethidine (5MM), hexamethonium (100pM) and indo-
methacin (3 pM) were present throughout the experiments.
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Figure 4 Histogram showing the effects of DAU 6285 (3 gM, a) and
human CGRP8-37 (1 Mm, b) on the enhancement of EFS-induced
contractions by calcitonin gene-related peptide (CGRP, 1 or 10 nM).
Columns represent mean values ± s.e.mean of 6 experiments. Not
significantly different from control (Cont).
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Figure 5 Histogram showing the effect of calcitonin gene-related
peptide (CGRP, 30 nM, solid columns) on exogenous substance P
(SP, 0.3 or 1 nM)-induced contractions. Columns represent mean
values ± s.e.mean of 6 experiments. Not significantly different from
control (Cont, open columns).

induced by CGRP (1 nM, Figure 4). The depressant effect of
CGRP (10 nM) on the spontaneous phasic contractile activity
was also unaffected by human CGRP8-37 (1 tM).

Effects of CGRP on substance P-induced contractions

Substance P (0.3-1 nM) produced transient contraction of the
colonic strip in a concentration-dependent manner. The sub-
stance P-induced contraction was unaffected by preincubation
of the tissue with tetrodotoxin (300 nM, n=4). As shown in
Figure 5, CGRP (30 nM) was without affect on contractions
evoked by exogenous substance P (0.3 or 1 nM).

Discussion

In the presence of atropine, guanethidine, hexamethonium and
indomethacin, the electrical field stimulation (EFS)-induced
contraction of the longitudinal muscle of guinea-pig proximal
colon is probably mediated via non-adrenergic, non-choliner-
gic (NANC) excitatory neurones, because tetrodotoxin abol-
ished the contraction. Moreover, the EFS-induced NANC
contraction was significantly reduced by the combined ad-
ministration of a highly selective NKI receptor antagonist, FK
888 and a highly selective NK2 receptor antagonist, MEN
10,376 (Maggi et al., 1994). The results are consistent with
previous work indicating that endogenous tachykinins are in-
volved in non-cholinergic excitatory responses of the guinea-
pig proximal colon in vivo (Giuliani et al., 1993). In the present
study, we found that the NANC contraction of the colonic
strip evoked by EFS was enhanced in the presence of CGRP.
The combined administration of FK 888 plus MEN 10,376
abolished the enhancement of EFS-induced NANC contrac-
tion by CGRP, suggesting that an increase in tachykininergic
neurotransmission is involved in this enhancement. The in-

ability ofCGRP to affect the contractile response to exogenous
substance P suggests that the enhancement of EFS-induced
NANC contractions by CGRP was not related to a post-
junctional change in colonic smooth muscle function, such as
enhanced tachykinin receptor binding or potentiation of in-
trinsic contractile processes. Therefore, this suggests that the
enhancement ofNANC contractions by CGRP may involve a
pre-junctional rather than a postjunctional mechanism, such as
facilitation of tachykinin release from NANC neurones. This
conclusion is consistent with the notion that CGRP is an en-
dogenous neuromodulator in the enteric nervous system (Pal-
mer et al., 1986). CGRP is known to interact with calcitonin
binding sites in kidney and brain (Goltzman & Mitchell, 1985).
However, unlike CGRP, the lack of enhancing effect of calci-
tonin on EFS-induced NANC contractions in the present
study rules out an action ofCGRP at calcitonin receptors. The
submaximal effect of CGRP (1 nM) was unaffected by a
CGRP1 receptor antagonist, human CGRP8-37 (Dennis et al.,
1990). This compound has been reported to have a pA2 value
of 7.2 against CGRP-induced relaxations of the guinea-pig
ileum and a value of 7.61 against the chronotropic action of
CGRP on the guinea-pig right atrium, both responses reported
to be mediated via CGRPI receptor activation (Poyner, 1992).
However, at the concentration used in the present study (1 gM)
the lack of effect of this antagonist rules out an action of
CGRP at the CGRPI receptor. Thus, these results support the
hypothesis that the activation of non-CGRP, receptor can
augment the NANC contractions evoked by EFS through the
facilitation of intramural tachykininergic neurotransmission of
the guinea-pig proximal colon.
We recently showed that 5-HT enhances the non-choli-

nergically mediated contraction of guinea-pig proximal colon
by stimulation of 5-HT4 receptors located on intramural
preganglionic cholinergic neurones and tachykininergic neu-
rones (Kojima & Shimo, 1995). Therefore, we were interested
to determine whether 5-HT was implicated in this enhancing
action of CGRP. However, it is unlikely that 5-HT plays a role
in the enhancement of electrically-evoked NANC contractions
induced by CGRP, because pretreatment with a 5-HT4 re-
ceptor antagonist, DAU 6285 (Dumuis et al., 1991), applied in
a concentration sufficient to block the effect of 5-HT, did not
modify the enhancing action of CGRP.

In conclusion, our data indicate that in the guinea-pig
proximal colon, CGRP produces an enhancement of NANC
contractions induced by EFS through prejunctional mechan-
isms and that the enhancement is mediated by the stimulation
of non-CGRP1 receptors located on intramural tachykininer-
gic neurones. The exact role ofCGRP in colonic motility is not
well understood, but these studies are consistent with a neu-
romodulator role for CGRP in tachykininergic neuro-
transmission and support the view that it might also
participate in the regulation of colonic motility through a
neuromodulatory function.

We wish to thank Dr Rizzi (Boehringer Ingelheim, Milano, Italy)
for the generous gift of DAU 6285 and Fujisawa Pharmaceutical
Co., Ltd (Osaka, Japan) for the generous gift of FK 888.

References

DENNIS, T., FOURNIER, A., CADIEUX, A., POMERLEAU, F.,
JOLICOEUR, F.B., PIERRE, S.S. & QUIRION, R. (1990).
hCGRP8 37, a calcitonin gene-related peptide antagonist
revealing calcitonin gene-related peptide receptor heterogeneity
in brain and periphery. J. Pharmacol. Exp. Ther., 254, 123-
128.

DUMUIS, A., GOZLAN, H., SEBBEN, M., ANSANAY, H., RIZZI, C.A.,
TURCONI, M., MONFERINI, E., GIRALDO, E., SCHIANTARELLI,
P., LADINSKY, H. & BOCKAERT J. (1992). Characterization of a
novel 5-HT4 receptor antagonist of the azabicycloalkyl benzimi-
dazolone class: DAU 6285. Naunyn-Schmied. Arch. Pharmacol.,
345, 264-269.

GIULIANI, S., LECCI, A., GIACHETTI, A. & MAGGI, C.A. (1993).
Tachykinins and reflexly evoked atropine-resistant motility in the
guinea-pig colon in vivo. J. Pharmacol. Exp. Ther., 265, 1224-
1231.

GOLTZMAN, D. & MITCHELL, J. (1985). Interaction of calcitonin
and calcitionin gene-related peptide at receptor sites in target
tissues. Science, 227, 1343- 1345.

HOLZER, P., BARTHO, L., MATUSAK, 0. & BAUER, V. (1989).
Calcitonin gene-related peptide action on intestinal circular
muscle. Am. J. Physiol., 256, G546-G552.



1294 SA. Kojima & Y. Shimo CGRP and NANC contraction

HOLZER, P. & GUTH, P.H. (1991). Neuropeptide control of rat gastric
mucosal blood flow. Increase by calcitonin gene-related peptide
and vasoactive intestinal polypeptide, but not substance P and
neurokinin A. Circ. Res., 68, 100-105.

KOJIMA, S. (1991). Characterization of 5-hydroxytryptamine-
induced relaxations of guinea-pig proximal colon. Arch. Int.
Pharmacodyn., 313, 23 - 32.

KOJIMA, S. & SHIMO, Y. (1995). An enhancing effect of 5-
hydroxytryptamine on electrically evoked atropine-resistant
contraction of guinea-pig proximal colon. Br. J. Pharmacol.,
114, 73-76.

MAGGI, C.A., MANZINI, S., GIULIANI, S., SANTICIOLI, P. & MELI, A.
(1986). Extrinsic origin of the capsaicin-sensitive innervation of
rat duodenum: possible involvement of calcitionin gene-related
peptide (CGRP) in the capsaicin-induced activation of intramur-
al non-adrenergic non-cholinergic neurons. Naunyn-Schmied.
Arch. Pharmacol., 334, 172- 180.

MAGGI, C.A., PATACCHINI, R., MEINI, S., QUARTARA, L., SISTO, A.,
GIULIANI, S. & GIACHETTI, A. (1994). Comparison of tachykinin
NK1 and NK2 receptors in the circular muscle of the guinea-pig
ileum and proximal colon. Br. J. Pharmacol., 112, 150-160.

PALMER, J.M., SCHEMANN, M., TAMURA, K. & WOOD, J.D. (1986).
Calcitonin gene-related peptide excites myenteric neurons. Eur.
J. Pharmacol., 132, 163 - 170.

POYNER, D.R. (1992). Calcitonin gene-related peptide: multiple
actions, multiple receptors. Pharmacol. Ther., 56, 23-51.

REN, J., YOUNG, R.L., LASSITER, D.C. & HARTY, R.F. (1993).
Calcitonin gene-related peptide mediates capsaicin-induced
neuro-endocrine responses in rat antrum. Gastroenterology,
104, 485-491.

RODRIGO, J., POLAK, J.M., FERNANDEZ, L., GHATEI, M.A.,
MULDERRY, P. & BLOOM, S.R. (1985). Calcitonin gene-related
peptide immunoreactive sensory and motor nerves of the rat, cat
and monkey esophagus. Gastroenterology, 88, 444-451.

VAN ROSSUM, J.M. (1963). Cumulative dose-response curves. II.
Technique for the making of dose-response curves in isolated
organs and the evaluation of drug parameters. Arch. Int.
Pharmacodyn., 143, 299-330.

YAMAMOTO, A. & TOHYAMA, M. (1989). Calcitonin gene-related
peptide in the nervous tissue. Prog. Neurobiol., 33, 335-386.

(Received March 3, 1995
Revised April 18, 1995

Accepted April 21, 1995)


