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Abstract

Ž .We investigated the participation of cholinergic and tachykininergic mechanisms in 5-hydroxytryptamine 5-HT -induced contraction
via 5-HT receptors in longitudinal and circular muscle of guinea-pig isolated distal colon. 5-HT produced concentration-dependent3

Ž . ŽŽ . wŽcontractile responses in longitudinal and circular muscle. The 5-HT receptor antagonists ramosetron YM060 R -5- 1-methyl-3-in-3
. x . Ž . ŽŽ . wŽ . xdolyl carbonyl -4,5,6,7-tetrahydro-1 H-benzimidazole hydrochloride , YM114 KAE-393 R -5- 2,3-dihydro-1-indolyl carbonyl -

.4,5,6,7-tetrahydro-1H-benzimidazole hydrochloride , ondansetron and granisetron produced a concentration-dependent shift to the right of
the 5-HT concentration-response curves in both muscle. However, methysergide and GR113808 had no effect on 5-HT-induced
contraction. In the longitudinal muscle, atropine concentration-dependently inhibited 5-HT-induced contraction, and tetrodotoxin

Ž . Ž .abolished it. " -CP96,345 attenuated the contractile response to 5-HT, but " -SR48,968 had no effect on it. In the presence of
Ž .atropine, " -CP96,345 completely blocked 5-HT-induced contraction. In the circular muscle, atropine had no effect on the contractile

response to 5-HT, whereas tetrodotoxin completely suppressed it. The contractile response elicited by 5-HT in the circular muscle was not
Ž . Ž .inhibited by either " -CP96,345, " -SR48,968, devazepide, L-365,260 or indomethacin. It is suggested that 5-HT acts via 5-HT3

receptors to release acetylcholine and substance P, which in turn are responsible for contraction of the longitudinal muscle. In the circular
muscle, as in the longitudinal muscle, 5-HT-induced contraction is mediated by the 5-HT receptor. Unlike the case in longitudinal3

muscle, however, this contraction involves neither cholinergic nor tachykininergic transmission. It is also suggested that neither
Ž .cholecystokinin CCK nor prostaglandins participate in 5-HT receptor-mediated contraction in circular muscle.3
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1. Introduction

Gastrointestinal motility is regulated by stimulatory and
inhibitory neurotransmitters from the myenteric plexus.

Ž .Among these, 5-hydroxytryptamine 5-HT is present in
the mucosa and myenteric plexus throughout the gastro-
intestinal tract and contributes to induction of the peri-

Žstaltic reflex Bulbring and Crema, 1958; Costa et al.,
1982; Furness and Costa, 1982; Griffith and Burnstock,

.1983; Yuan et al., 1994 . 5-HT stimulates intestinal smooth
muscle both directly and also through the release of acetyl-
choline and other neurotransmitters from intramural neu-

Žrons Gaddum and Picarelli, 1957; Costa and Furness,
.1979; Buchheit et al., 1985; Ramırez et al., 1994 .´

) Ž . Ž .Corresponding author. Tel.: 81-298 525-111; Fax: 81-298 522-965.

The contractile effect of 5-HT in the longitudinal mus-
cle of guinea-pig isolated ileum and colon has been closely

Ž .investigated. Woollard et al. 1994 reported that 5-HT-in-
duced contraction in the longitudinal muscle of guinea-pig
isolated distal colon was mediated by activation of 5-HT3

and 5-HT receptors on myenteric neurons and 5-HT -like4 1

receptors on the muscle. This 5-HT receptor-mediated3

contraction involved the release of acetylcholine and sub-
stance P. In the circular muscle of guinea-pig isolated

Ž .ileum, Grbovic and Radmanovic 1987 reported that 5-´ ´
HT-induced contraction was inhibited by both methy-
sergide and atropine. Until now, however, the mechanism
of 5-HT-induced contraction in the circular muscle of
guinea-pig isolated colon has not been clear. In the present
study, we sought evidence for the involvement of 5-HT3

receptors in 5-HT-induced contraction in the circular mus-
cle of guinea-pig isolated distal colon. The participation of
cholinergic and tachykininergic mechanisms in 5-HT-in-

0014-2999r96r$15.00 Copyright q 1996 Elsevier Science B.V. All rights reserved.
Ž .PII S0014-2999 96 00754-6



( )M. Yamano, K. MiyatarEuropean Journal of Pharmacology 317 1996 353–359354

duced contraction through 5-HT receptors was investi-3

gated in both the longitudinal and circular muscles by the
use of new specific tachykinin NK and NK receptor1 2

antagonists. In the circular muscle preparation, we also
Ž .studied the involvement of cholecystokinin CCK and

prostaglandins in the contractile response elicited by acti-
vation of 5-HT receptors.3

2. Materials and methods

Male Hartley guinea pigs weighing 600–1000 g were
killed by cervical dislocation and exsanguinated. The distal

Ž .portion of the colon discarding the terminal 4–5 cm was
removed.

2.1. Contractility of longitudinal muscle layer

The colon was divided longitudinally into segments
approximately 2 cm in length. The longitudinal muscle
with myenteric plexus was removed by gentle stroking
with a cotton swab at an angle to the mesenteric attach-
ment. The tissues were vertically suspended in a 10-ml

Žorgan bath containing Krebs-bicarbonate solution com-
position in mM: NaCl 118.4, CaCl 2.5, KH PO 1.2,2 2 4

.KCl 4.7, MgSO 1.2, NaHCO 25.0, glucose 10.0 main-4 3

tained at 378C and gassed with a mixture of 95% O and2

5% CO . Tissues were attached to isometric force-dis-2
Žplacement transducers SB-1T, Nihon Kohden, Tokyo,

. ŽJapan connected to a recorder MC 6621, Graphtec, Tokyo,

. ŽJapan through a carrier amplifier AP-621G, Nihon Ko-
.hden . Equilibration was undertaken for approximately 30

min before exposure to test compounds. Isometric contrac-
tions under a loading tension of 1 g were recorded. Cumu-

Žlative concentration-response curves for 5-HT 0.1–30
.mM were constructed by increasing bath concentrations of

the agonist approximately 3-fold. As the cumulative con-
centration-response curve for 5-HT under these conditions
could be constructed 4 times at 30-min intervals in the
same preparation without significant change in E ormax

Ž .EC values data not shown , each antagonist was exam-50

ined at up to three different concentrations in the same
Ž .preparation. " -SR48,968 was allowed to pre-equilibrate

for 60 min and other antagonists were allowed to pre-equi-
librate for 30 min prior to construction of the second, third
and fourth concentration-response curves for 5-HT, be-
cause the preliminary experiment showed that sufficient

Ž .equilibration times of " -SR48,968, indomethacin and
other antagonists in the muscle preparation were 60, 30

Ž .and 15 min, respectively. We used GR113808 100 nM ,
Ž .since GR113808 1–100 nM produced a parallel and

concentration-dependent shift to the right of the 5-HT4
Ž .receptor agonist 5-methoxytryptamine and renzapride

concentration-response curves in the longitudinal muscle
of guinea-pig isolated distal ileum in the preliminary ex-
periment.

2.2. Contractility of circular muscle strip

The colon was divided longitudinally into segments
approximately 1 cm in length. A ring of colon was opened.

Ž .A circularly oriented strip 1 cm in length was suspended
in a 10-ml organ bath containing Krebs-bicarbonate solu-
tion maintained at 378C and gassed with a mixture of 95%
O and 5% CO . Isometric contractions under a loading2 2

tension of 1 g were recorded as above. Concentration-re-
Ž .sponse curves for 5-HT 0.1–30 mM were constructed in

a non-cumulative fashion by adding increasing concentra-
tions of agonist at 15-min intervals. The non-cumulative
concentration-response curve for 5-HT under these condi-
tions could be constructed twice in the same preparation
without significant change in E or EC values. Inmax 50

studies with antagonists, each strip was used to record two
concentration-response curves, the first for the agonist
alone and the second for the agonist in the presence of an

Ž .antagonist. " -SR48,968 or indomethacin was allowed to
pre-equilibrate for 60 or 30 min prior to the addition of
5-HT, respectively. Other antagonists were allowed to

Ž .pre-equilibrate for 15 min. We used atropine 0.1–1 mM
in the present study, since the supramaximal concentration

Ž .of acetylcholine 10 mM -induced contraction was abol-
Ž .ished by atropine 1 mM in the circular muscle of guinea-

Ž .pig isolated distal colon data not shown .

2.3. Characterization of concentration-response curÕes

Responses were measured as an increase in isometric
Žtension. In the preliminary experiment, 5-HT 0.1–100

.mM produced concentration-dependent contractile re-
sponses in the longitudinal and circular muscle prepara-
tions. The maximum contraction was elicited by 5-HT at
30 mM in both preparations. Responses were expressed as

Ža percentage of the contraction produced by 5-HT 30
.mM . In the presence of an antagonist, results were ex-

pressed as a percentage of the response obtained with
Ž .5-HT 30 mM alone. Concentration-response curves for

Ž .5-HT were characterised by their maxima E , and bymax

the 5-HT concentration yielding a half-maximal effect
Ž .EC .50

2.4. Data analysis

All values are expressed as the mean"S.E.M. or as the
mean with 95% confidence limits. Probit analysis was used
to obtain EC values. The dose ratio was obtained from50

the ratio of EC values for 5-HT in the presence and50

absence of an antagonist. The pA value and slope of the2
Ž .curves were calculated Arunlakshana and Schild, 1959 .

Significance between groups was assessed by the paired
Ž .t-test. Probabilities of -5% P-0.05 were considered

significant.
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2.5. Drugs

Ž . ŽŽ . wŽRamosetron hydrochloride YM060 R -5- 1-methyl-
. x3-indolyl carbonyl -4,5,6,7-tetrahydro-1 H-benzimidazole

. Ž . ŽŽ . wŽhydrochloride , YM114 KAE-393 R -5- 2,3-dihydro-
. x1-indolyl carbonyl -4,5,6,7-tetrahydro-1 H-benzimidazole

.hydrochloride , ondansetron hydrochloride, granisetron hy-
Ž w wd r o c h l o r i d e , G R 1 1 3 8 0 8 1 - 2 -

wŽ . x x xmethylsulfonyl amino ethyl -4-piperidyl methyl 1-
. Ž . ŽŽ .methyl-1 H-indole-3-carboxylate , " -CP96,345 " -

Ž . Ž . xcis-2- diphenylmethyl -N- 2-methoxyphenyl -methyl -1-
w x . Ž . ŽŽ .azabicyclo 2.2.2 octan-3-amine , " -SR48,968 " -N-

w Ž . Žmethyl-N 4- 4-acethylamino-4-phenylpiperidino -2- 3,4-
. x .dichlorophenyl butyl benzamide hemifumarate , de-

Ž Ž . Žvazepide and L-365,260 3R q -N- 2,3-dihydro-1-methyl-
. X2-oxo-5-phenyl-1H-1,4-benzodiazepin-3-yl -N -3-methyl-

.phenyl urea were prepared by Yamanouchi Pharmaceuti-
Ž .cal Tsukuba, Japan . Methysergide hydrogen maleate was

Ž .kindly donated by Sandoz Basle, Switzerland . 5-HT crea-
Ž .tinine sulfate and acetylcholine chloride Ovisot were

Ž .purchased from E. Merck Darmstadt, Germany and Dai-
Ž .ichi Pharmaceutical Tokyo, Japan , respectively. Atropine

sulfate, tetrodotoxin and indomethacin were purchased
Ž . Ž .from Wako Osaka, Japan , Sigma St. Louis, MO, USA

Ž .and Nakalai Tesque Kyoto, Japan , respectively.
Ž .Ramosetron, GR113808, methysergide and " -CP96,345

were dissolved in a minimal amount of 0.1 M HCl and
Ž .diluted with Krebs-bicarbonate solution. " -SR48,968,

devazepide, L-365,260 and indomethacin were dissolved
in a minimal amount of dimethyl sulfoxide and diluted
with Krebs-bicarbonate solution. Other drugs were dis-

solved in Krebs-bicarbonate solution. The reported concen-
trations are the final bath concentrations.

3. Results

3.1. Contractility studies

Ž .5-HT 0.1–30 mM produced concentration-dependent
contractile responses in the longitudinal and circular mus-
cles of guinea-pig isolated distal colon, with EC values50

Ž . Ž .of 1.10 0.65–1.86 and 1.73 1.34–2.24 mM, and with
Ž .E values of 4.64"0.33 g ns6 and 2.37"0.47 gmax

Ž .ns11 , respectively. Fig. 1 shows representative records
of these contractile responses to 5-HT in the longitudinal
and circular muscle preparations.

3.2. Effect of 5-HT receptor antagonists on 5-HT-induced
contraction

The selective 5-HT receptor antagonists ramosetron,3

YM114, ondansetron and granisetron produced a parallel
and concentration-dependent shift to the right of the 5-HT
concentration-response curves without a decrease in maxi-
mal response in both longitudinal and circular muscle
Ž .Figs. 2 and 3 . pA values of these 5-HT receptor2 3

Ž .antagonists are listed in Table 1. Methysergide 10 mM ,
which was sufficient to block 5-HT and 5-HT receptors,1 2

Ž .and GR113808 100 nM , a selective 5-HT receptor4

antagonist, had no effect on 5-HT-induced contraction in

Ž . Ž .Fig. 1. Representive records showing the contractile responses evoked by 5-HT in longitudinal a and circular muscle b of guinea-pig isolated distal
Ž . Ž .colon. 5-HT 0.1–30 mM was applied cumulatively to the longitudinal muscle preparation, and non-cumulatively 0.3–30 mM to the circular muscle

preparation at 15-min intervals. Arrows indicate the addition of 5-HT.
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Fig. 2. Antagonism by ramosetron, YM114, ondansetron and granisetron
of 5-HT-induced contraction in the longitudinal muscle of guinea-pig

Ž . Ž . Ž . Ž .isolated distal colon. a Control v , ramosetron 3 ` , 10 ^ and 30
Ž . Ž . Ž . Ž . Ž . Ž . Ž .nM I . b Control v , YM114 3 ` , 10 ^ and 30 nM I . c

Ž . Ž . Ž . Ž . Ž .Control v , ondansetron 300 ` , 1000 ^ and 3000 nM I . d
Ž . Ž . Ž . Ž .Control v , granisetron 30 ` , 100 ^ and 300 nM I . Antagonists

were incubated with the colon for 30 min prior to the construction of the
5-HT concentration-response curve. Values are the mean"S.E.M. from

Ž .3–6 preparations and are expressed as a percentage of 5-HT 30 mM
response.

Fig. 3. Antagonism by ramosetron, YM114, ondansetron and granisetron
of 5-HT-induced contraction in the circular muscle of guinea-pig isolated

Ž . Ž . Ž . Ž . Ž .distal colon. a Control v , ramosetron 1 ` , 3 ^ and 10 nM I .
Ž . Ž . Ž . Ž . Ž . Ž . Ž .b Control v , YM114 0.3 ` , 1 ^ and 3 nM I . c Control v ,

Ž . Ž . Ž . Ž . Ž .ondansetron 100 ` , 300 ^ and 1000 nM I . d Control v ,
Ž . Ž . Ž .granisetron 10 ` , 30 ^ and 100 nM I . Antagonists were incu-

bated with the colon for 15 min prior to the addition of each concentra-
tion of 5-HT. Values are the mean"S.E.M. from 3–4 preparations and

Ž .are expressed as a percentage of 5-HT 30 mM response.

Ž .Fig. 4. Inhibitory effects of atropine, tetrodotoxin, " -CP96,345 and
Ž ." -SR48,968 on 5-HT-induced contraction in the longitudinal muscle of

Ž . Ž . Ž .guinea-pig isolated distal colon. a Control v , atropine 10 ` , 30
Ž . Ž . Ž . Ž . Ž . Ž .' , 100 ^ , 300 B and 1000 nM I . b Control v and

Ž . Ž . Ž . Ž . Ž .tetrodotoxin 1 mM ` . c Control v , " -CP96,345 300 nM `
Ž . Ž . Ž . Ž .and " -CP96,345 300 nM plus atropine 1000 nM ^ . d Control v

Ž . Ž .and " -SR48,968 100 nM ` . Antagonists were incubated with the
Ž . Ž .colon for 30 a–c and 60 min d prior to the construction of the 5-HT

concentration-response curve. Values are the mean"S.E.M. from 4–6
Ž .preparations and are expressed as a percentage of 5-HT 30 mM

response.

Ž .either muscle preparation data not shown, ns3–4 . None
of the antagonists examined had any significant influence
on baseline tension of the preparations at the concentra-
tions used.

3.3. Effect of atropine, tetrodotoxin and tachykinin recep-
tor antagonists on the 5-HT-induced contraction in longi-
tudinal muscle

Ž .In the longitudinal muscle, atropine 0.01–1 mM con-
centration-dependently inhibited, but did not abolish, 5-

Ž .HT-induced contraction Fig. 4a . In contrast, tetrodotoxin
Ž . Ž .1 mM abolished 5-HT-induced contraction Fig. 4b .

Ž . Ž .Further, " -CP96,345 300 nM , a selective tachykinin
NK receptor antagonist, attenuated this contraction, while1
Ž . Ž ." -SR48,968 100 nM , which was sufficient to block

Ž .tachykinin NK receptors, had no effect on it Fig. 4c, d .2
Ž . Ž . Ž .When atropine 1 mM and " -CP96,345 300 nM were

combined, however, 5-HT-induced contraction was com-
Ž .pletely blocked Fig. 4c .

3.4. Effect of atropine, tetrodotoxin, tachykinin receptor
antagonists, CCK receptor antagonists and indomethacin
on the 5-HT-induced contraction in circular muscle

Ž .In the circular muscle, atropine 0.1–1 mM had no
Ž .effect on the contractile response to 5-HT Fig. 5a , whereas
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Table 1
Estimates of pA values of antagonists on the 5-HT-induced contraction in the longitudinal and circular muscle of guinea-pig isolated distal colon2

Ramosetron YM114 Ondansetron Granisetron

Ž . Ž . Ž . Ž .Longitudinal muscle 8.76"0.05 18 9.03"0.09 12 6.97"0.09 11 7.84"0.04 12
w x w x w x w x1.11 0.82–1.39 0.83 0.36–1.30 1.15 0.81–1.50 1.00 0.76–1.24

Ž . Ž . Ž . Ž .Circular muscle 9.01"0.08 11 9.50"0.10 12 7.23"0.12 12 8.09"0.06 10
w x w x w x w x0.97 0.49–1.45 1.40 0.88–1.91 0.43 0.10–0.95 0.98 0.62–1.33

Ž . Ž .Data are the mean"S.E.M. pA and the 95% slope of Schild plot with the number of experiments n .2

Ž . Ž .tetrodotoxin 1 mM completely suppressed it Fig. 5b .
The contractile response elicited by 5-HT in the circular

Ž . Žmuscle was not affected by either " -CP96,345 300
. Ž . Ž . Ž .nM , " -SR48,968 100 nM , devazepide 10 nM , a

Ž .CCK receptor antagonist, or L-365,260 300 nM , aA
Ž .CCK receptor antagonist data not shown, ns3–5 . InB

Ž .contrast, indomethacin 3 mM , a cyclooxygenase in-
hibitor, significantly enhanced the magnitude of contractile

Ž .response evoked by 5-HT Fig. 6 and the amplitude of
Ž .spontaneous contraction data not shown, ns5 . The

Ž .magnitude of acetylcholine 10 mM -induced contractile

Fig. 5. Inhibitory effects of atropine and tetrodotoxin on 5-HT-induced
Ž .contraction in the circular muscle of guinea-pig isolated distal colon. a

Ž . Ž . Ž . Ž . Ž .Control v , atropine 100 ` and 1000 nM ^ . b Control v and
Ž .tetrodotoxin 1 mM ` . Antagonists were incubated with the colon for 15

min prior to the addition of each concentration of 5-HT. Values are the
mean"S.E.M. from 3–5 preparations and are expressed as a percentage

Ž .of 5-HT 30 mM response.

Fig. 6. Concentration-response curves to 5-HT in the circular muscle of
Ž . Ž .guinea-pig isolated distal colon in the absence v or presence ` of

indomethacin 3 mM. Indomethacin was incubated with the colon for 30
min prior to the addition of each concentration of 5-HT. Values are the
mean"S.E.M. from 5 preparations and are expressed as a percentage of

Ž .5-HT 30 mM response.

response, however, was also significantly enhanced by
Ž .indomethacin data not shown, ns6 .

4. Discussion

The results of the present study suggest that the contrac-
tile response induced by 5-HT is mediated through the
activation of 5-HT receptors on neurons innervating both3

longitudinal and circular muscle of guinea-pig isolated
distal colon. 5-HT produced concentration-dependent con-
tractile responses in both the longitudinal and circular
muscle of guinea-pig isolated distal colon. On the basis of
EC values, there was no marked difference in the po-50

tency of 5-HT between longitudinal and circular muscle.
The selective 5-HT receptor antagonists ramosetron,3

YM114, ondansetron and granisetron competitively antag-
onized the 5-HT concentration-response curves in both
muscle preparation. On the basis of pA values, their rank2

order of 5-HT receptor blocking activity in both the3

longitudinal and circular muscle was YM114) ramosetron
)granisetron)ondansetron, with no marked difference in
potency between muscle preparation. In contrast, neither
the 5-HT and 5-HT receptor antagonist methysergide nor1 2

the selective 5-HT receptor antagonist GR113808 had any4

effect on 5-HT-induced contraction in either preparation.
Ž .Woollard et al. 1994 reported that 5-HT-induced contrac-

tion was mediated by the activation of 5-HT and 5-HT3 4

receptors on myenteric neurons and 5-HT -like receptors1
Žon the longitudinal muscle of young guinea pig 150–300

.g isolated distal colon. This discrepancy with our present
findings may have been due to the difference in the age of
the guinea pigs. In support of this explanation, Bayol et al.
Ž .1985 indicated that there were significant alterations
during ontogenesis in the methysergide-sensitive contrac-
tion elicited by 5-HT in airway muscle preparations from
guinea pigs.

It is known that the contractile response mediated by
the 5-HT receptor is sensitive to muscarinic and tachykinin3

NK receptor antagonists in the longitudinal muscle of1
Žguinea-pig ileum and colon Ramırez et al., 1994; Wool-´

.lard et al., 1994 . In the present study, 5-HT receptor-3

mediated contraction in the longitudinal muscle of guinea-
pig isolated distal colon was partially suppressed by at-

Ž .ropine and " -CP96,345, a selective tachykinin NK1

receptor antagonist, and abolished when both atropine and
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Ž ." -CP96,345 were present. These results are consistent
with previous reports, and indicate that 5-HT-induced con-
traction in the longitudinal muscle involves the stimulation
of both acetylcholine and substance P release in the enteric
nervous system. In contrast, unlike the situation in the

Ž .longitudinal muscle, atropine and " -CP96,345 had no
effect on 5-HT-induced contraction via 5-HT receptors in3

the circular muscle of guinea-pig isolated distal colon.
However, 5-HT-induced contraction in the circular muscle
was completely inhibited by tetrodotoxin, indicating that it
was mediated through the stimulation of release of neuro-
transmitters other than acetylcholine and substance P via

Ž .5-HT receptors. Wardell et al. 1994 reported that 5-HT-3

immunoreactive nerves innervated both 5-HT and non-5-
HT neurons in enteric neurons of the guinea-pig distal
colon.

A number of candidates may be proposed as neurotrans-
mitter released in the enteric nervous system which, in
turn, is responsible for contraction in the circular muscle of

Ž .guinea-pig intestine. Maggi et al. 1994a,b reported that
atropine-resistant electrical stimulation-induced contraction
was inhibited not only by a tachykinin NK but also by an1

NK receptor antagonist in the circular muscle of guinea-2
Ž .pig ileum and colon. In the present study, however, " -

SR48,968, a tachykinin NK receptor antagonist, had no2

effect on 5-HT-induced contraction in the circular muscle.
CCK is reported to produce contraction in the circular

Žmuscle of guinea-pig isolated ileum Bartho et al., 1987;
.Botella et al., 1992, 1994 , but neither devazepide, a

CCK receptor antagonist, nor L-365,260, a CCK recep-A B

tor antagonist, had any effect on 5-HT-induced contraction
Ž .in the present study. Prostaglandins PGE and PGF2 2 a

also induce contraction in the circular muscle of guinea-pig
Žisolated ileum and colon Ishizawa, 1988, 1991; Botella et

. Ž .al., 1993 . Further, Beubler et al. 1989 showed that 5-HT
stimulated the release of PGE in the intestine of rats in2

vivo. Although these results may indicate that prosta-
glandins released in the enteric nervous system are in-
volved in the 5-HT receptor-mediated contraction, indo-3

methacin significantly enhanced the magnitude of contrac-
tile response evoked by 5-HT and the amplitude of sponta-
neous contraction in the circular muscle preparation in the
present study. It is therefore considered that neither prosta-
glandins nor CCK participate in 5-HT receptor-mediated3

contraction in the circular muscle of guinea-pig isolated
distal colon. However, our results suggest that a cyclooxy-
genase-derived eicosanoid mediates relaxation and limits
5-HT-induced contraction in the circular muscle prepara-
tion. It was reported that PGE caused not only contraction2

but also relaxation in the circular muscle of isolated
Žguinea-pig ileum and colon Ishizawa, 1988; Calixto and

.Medeiros, 1991; Botella et al., 1993 . Taken together, it
might be suggested that 5-HT increases the release of
prostaglandin, which in turn is responsible for relaxation in
the circular muscle of guinea-pig isolated distal colon. In
the present report, however, indomethacin enhanced the

magnitude of the contractile response induced not only by
5-HT but also by acetylcholine in the circular muscle
preparation. Therefore, the mechanism of the indo-
methacin-induced effect on the circular muscle has not
been clarified, and further studies are needed to make it
clear.

A number of other candidates as neurotransmitter in-
volved in 5-HT receptor-mediated contraction in the cir-3

cular muscle preparation may be considered. It is reported
Ž .that galanin Botella et al., 1992, 1995 and calcitonin

Ž .gene-related peptide Holzer et al., 1989 evoke contrac-
tion in the circular muscle of guinea-pig ileum. Further-

Žmore, contractile effects of glutamate Wiley et al., 1991;
. ŽKoyuncuoglu et al., 1992 , ATP Wiklund and Gustafsson,

. Ž .1988 , g-aminobutyric acid Ong and Kerr, 1984 ,
Ž .bombesin Garzon et al., 1985; Takeda et al., 1990 ,
Ž .somatostatin Takeda et al., 1989 and pituitary adenylyl

Ž .cyclase activating peptide Katsoulis et al., 1993 have
been reported in the longitudinal muscle of guinea-pig
ileum, while those in the circular muscle have not been
investigated. These findings suggest that these neurotrans-
mitters may participate in 5-HT receptor-mediated con-3

traction in the circular muscle of guinea-pig isolated distal
colon. However, further studies are needed to confirm
which neurotransmitter is involved.

In conclusion, these results suggest that 5-HT acts via
5-HT receptors to release acetylcholine and substance P3

which, in turn, are responsible for contraction in the
longitudinal muscle of guinea-pig isolated distal colon. In
the circular muscle, 5-HT-induced contraction is mediated
by the 5-HT receptor, as in longitudinal muscle, but,3

unlike the longitudinal muscle, this contraction involves
neither cholinergic nor tachykininergic transmission. It is
also suggested that neither CCK nor prostaglandins partici-
pate in 5-HT receptor-mediated contraction in the circular3

muscle.

References

Arunlakshana, O. and H.O. Schild, 1959, Some quantitative uses of drug
antagonists, Br. J. Pharmacol. 14, 48.

Bartho, L., P. Holzer, F. Lembeck, I.T. Lippe and I. Setnikar, 1987,
Evaluation of a new and potent cholecystokinin antagonist on motor
responses of the guinea-pig intestine, Br. J. Pharmacol. 90, 753.

Bayol, A., J. Benveniste, C. Brink, J. Cerrina, O. Gateau, C. Labat and B.
Raffestin, 1985, Response and sensitivity of guinea-pig airway muscle
preparations to 5-hydroxytryptamine during ontogenesis, Br. J. Phar-
macol. 85, 569.

Beubler, E., G. Kollar, A. Saria, K. Bukhave and J. Rask-Madsen, 1989,
Involvement of 5-hydroxytryptamine, prostaglandin E , and cyclic2

adenosine monophosphate in cholera toxin-induced fluid secretion in
the small intestine of the rat in vivo, Gastroenterology 96, 368.

Botella, A., M. Delvaux, J. Frexinos and L. Bueno, 1992, Comparative
effects of galanin on isolated smooth muscle cells from ileum in five
mammalian species, Life Sci. 50, 1253.

Botella, A., M. Delvaux, J. Fioramonti, J. Frexinos and L. Bueno, 1993,
Ž . Ž .Stimulatory EP and EP and inhibitory EP prostaglandin E1 3 2 2



( )M. Yamano, K. MiyatarEuropean Journal of Pharmacology 317 1996 353–359 359

receptors in isolated ileal smooth muscle cells, Eur. J. Pharmacol.
237, 131.

Botella, A., M. Rekik, M. Delvaux, M.J. Davicco, J.P. Barlet, J. Frexinos
Ž .and L. Bueno, 1994, Parathyroid hormone PTH and PTH-related

peptide induce relaxation of smooth muscle cells from guinea pig
ileum: interaction with vasoactive interstinal peptide receptors, En-
docrinology 135, 2160.

Botella, A., M. Delvaux, J. Fioramonti, J. Frexinos and L. Bueno, 1995,
Galanin contracts and relaxes guinea pig and canine intestinal smooth
muscle cells through distinct receptors, Gastroenterology 108, 3.

Buchheit, K.H., G. Engel, E. Mutschler and B. Richardson, 1985, Study
Ž .of the contractile effect of 5-hydroxytryptamine 5-HT in the isolated

longitudinal muscle strip from guinea-pig ileum. Evidence for two
distinct release mechanisms, Naunyn-Schmiedeberg’s Arch. Pharma-
col. 329, 36.

Bulbring, E. and A. Crema, 1958, Observation concerning the action of
5-hydroxytryptamine on the peristaltic reflex, Br. J. Pharmacol. 13,
444.

Calixto, J.B. and Y.S. Medeiros, 1991, Characterization of bradykinin
mediating pertussis toxin-insensitive biphasic response in circular
muscle of the isolated guinea pig ileum, J. Pharmacol. Exp. Ther. 259,
659.

Costa, M. and J.B. Furness, 1979, The sites of action of 5-hydroxytryp-
tamine in nerve-muscle preparations from the guinea-pig small intes-
tine and colon, Br. J. Pharmacol. 65, 237.

Costa, M., J.B. Furness, A.C. Cuello, A.A.J. Verhofstad, H.W.J. Stein-
busch and R.P. Elde, 1982, Neurons with 5-hydroxytryptamine-like
immunoreactivity in the enteric nervous system: their visualization
and reactions to drug treatment, Neuroscience 7, 351.

Furness, J.B. and M. Costa, 1982, Neurons with 5-hydroxytryptamine-like
immunoreactivity in the enteric nervous system: their projections in
the guinea-pig small intestine, Neuroscience 7, 341.

Gaddum, J.H. and J.P. Picarelli, 1957, Two kinds of tryptamine receptor,
Br. J. Pharmacol. 12, 323.

Garzon, J., V. Hollt, R. Schulz and A. Herz, 1985, Excitatory neuropep-
tides activate opioid mechanisms in the guinea pig ileum, Neuropep-
tides 5, 583.

ˇGrbovic, L. and B.Z. Radmanovic, 1987, The action of prostaglandin E´ ´ 2

on the rhythmic activity of circular muscle of the isolated guinea-pig
ileum, Arch. Int. Pharmacodyn. 285, 166.

Griffith, S. and G. Burnstock, 1983, Serotonergic neurons in human fetal
intestine: an immunohistochemical study, Gastroenterology 85, 929.

Holzer, P., L. Bartho, O. Matusak and V. Bauer, 1989, Calcitonin
gene-related peptide action on intestinal circular muscle, Am. J.
Physiol. 256, G546.

Ishizawa, M., 1988, Biphasic response of circular muscle to prostaglandin
E in guinea-pig colon, Arch. Int. Pharmacodyn. Ther. 295, 282.2

Ishizawa, M., 1991, Contractile effects of 16-methyl analogues of PGE2

on the circular and longitudinal muscles of the guinea-pig isolated
colon, Prostaglandins 42, 579.

Katsoulis, S., A. Clemens, H. Schworer, W. Creutzfeldt and W.E.¨
Schmidt, 1993, PACAP is a stimulator of neurogenic contraction in
guinea pig ileum, Am. J. Physiol. 265, G295.

Koyuncuoglu, H., Y. Uresin, Y. Esin and F. Aricioglu, 1992, Morphine
and naloxone act similarly on glutamine-caused guinea pig ileum
contraction, Pharmacol. Biochem. Behav. 43, 479.

Maggi, C.A., R. Patacchini, L. Bartho, P. Holzer and P. Santicioli, 1994a,
Tachykinin NK and NK receptor antagonists and atropine-resistant1 2

ascending excitatory reflex to the circular muscle of the guinea-pig
ileum, Br. J. Pharmacol. 112, 161.

Maggi, C.A., V. Zagorodnyuk and S. Giuliani, 1994b, Specialization of
tachykinin NK and NK receptors in producing fast and slow1 2

atropine-resistant neurotransmission to the circular muscle of the
guinea-pig colon, Neuroscience 63, 1137.

Ong, J. and D.I.B. Kerr, 1984, Potentiation of GABA -receptor-mediatedA

responses by barbiturates in the guinea-pig ileum, Eur. J. Pharmacol.
103, 327.

Ramırez, M.J., E. Cenarruzabeitia, J. Del Rıo and B. Lasheras, 1994,´ ´
Involvement of neurokinins in the non-cholinergic response to activa-
tion of 5-HT and 5-HT receptors in guinea-pig ileum, Br. J.3 4

Pharmacol. 111, 419.
Takeda, K., K. Taniyama, S. Baba and C. Tanaka, 1989, Putative

mechanisms involved in excitatory effects of somatostain on intestinal
motility, Am. J. Physiol. 257, G532.

Takeda, K., K. Taniyama, Y. Saitoh and C. Tanaka, 1990, Mechanism of
contractile response to bombesin of the longitudinal muscle from
guinea pig ileum, J. Pharmacol. Exp. Ther. 252, 339.

Wardell, C.F., J.C. Bornstein and J.B. Furness, 1994, Projections of
5-hydroxytryptamine-immunoreactive neurons in guinea-pig distal
colon, Cell Tissue Res. 278, 379.

Wiklund, N.P. and L.E. Gustafsson, 1988, Agonist and antagonist charac-
terization of the P -purinoceptors in the guinea pig ileum, Acta2

Physiol. Scand. 132, 15.
Wiley, J.W., Y.X. Lu and C. Owyang, 1991, Evidence for a glutamater-

gic neural pathway in the myenteric plexus, Am. J. Physiol. 261,
G693.

Woollard, D.J., J.C. Bornstein and J.B. Furness, 1994, Characterization of
5-HT receptors mediating contraction and relaxation of the longitudi-
nal muscle of guinea-pig distal colon in vitro, Naunyn-Schmiedeberg’s
Arch. Pharmacol. 349, 455.

Yuan, S.Y., J.C. Bornstein and J.B. Furness, 1994, Investigation of the
role of 5-HT and 5-HT receptors in ascending and descending3 4

reflexes to the circular muscle of guinea-pig small intestine, Br. J.
Pharmacol. 112, 1095.


