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Abstract

The functions of the 5-HT, receptor in the gastrointestinal tract are complex, depending on the species and anatomical regions, and
localization of the receptor was not clear. The present study attempted to examine the localization of the 5-HT, receptor in the colon of
human for comparison with that in guinea pig colon. Human specimens of sigmoid colon and the distal colon of guinea pig were used for
in vitro receptor autoradiography using [*°11SB207710, (1-n-butyl-4-piperidinyl) methyl-8-amino-7-iodo-1,4-benzodioxane-5-carboxy-
late, as a ligand. [*%°11SB207710 bi nding sites were distributed over the muscle layer of human colon, in the myenteric plexus and in the
muscle. In the guinea pig colon, a much higher density was detected in the myenteric plexus than in the muscle. Therefore, in the human
and guinea pig colon, the 5-HT, receptor was located both in the myenteric plexus and in the muscle, and in the guinea pig colon, the
receptor was located more predominantly in the myenteric plexus of the muscle than it is in the human colon. © 1999 Elsevier Science

B.V. All rights reserved.
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1. Introduction

The 5-HT, receptor participates in the modulation of
gastrointestinal motility, in either an excitatory or an in-
hibitory manner, depending on the species and anatomical
region (Ford and Clarke, 1993). Stimulation of the 5-HT,
receptor has been noted to evoke the release of acetyl-
choline from guinea pig enteric nerve terminals (Kilbinger
and Wolf, 1992; Matsuyama et a., 1996; Takada et 4.,
1999). In the stomach, the 5-HT, receptor mediates the
contractile functions in isolated preparations from both
human (Schuurkes et al., 1991) and guinea pig (Buchheit
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and Buhl, 1994; Matsuyama et al., 1996). Our previous
results demonstrated the dense localization of the 5-HT,
receptor in the myenteric plexus of the corpus and antrum
of guinea pig stomach and its stimulation potentiated the
release of acetylcholine (Takada et al., 1999). In the colon,
the 5-HT, receptor-mediated response appears to be differ-
ent in the human and in the guinea pig, so that there is a
relaxing response in the circular muscle of human colon
(Tam et al., 1994; McLean and Coupar, 1996) and a
contractile response in the guinea pig colon (Elswood et
a., 1991; Gae et a., 1994; Kojima and Shimo, 1995;
Brigjer and Schuurkes, 1996). The 5-HT, receptors which
mediate relaxing effects appear to be mainly located on the
smooth muscle cells (McLean and Coupar, 1996), while
those which mediate contractile effects appear to be mainly
located on the excitatory neurons, cholinergic neurons and
non-cholinergic neurons (Gale et al., 1994; Kojima and
Shimo, 1995; Brigjer and Schuurkes, 1996). Thus, there
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are many reports of functional studies using laboratory
animals, while the localization of the 5-HT, receptor in the
gastrointestinal tract, especially in the human tissues, has
remained obscure. The present study attempted to examine
the localization of the 5-HT, receptor in the colon of
human and guinea pig, using in vitro receptor autoradiog-

raphy.

2. Materials and methods

Specimens of human sigmoid colon were obtained from
three patients (53-70 years old) who underwent surgical
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Fig. 1. Receptor autoradiographic evidence of

resection for cancer. The normal tissues adjacent to the
pathological ones were cut away and used. Use of speci-
mens for this study was approved by The Ethical Commit-
tee of Nagasaki University School of Medicine, and written
informed consent was obtained from the patients. Adult
guinea pigs of either sex, weighing between 250 and 400
g, were killed by cervical dislocation, and the distal colon
was rapidly excised and the mucosa was removed.

2.1. Receptor autoradiography

The tissues were immediately immersed in isopentane
a —30°C. The frozen tissues were cut into 20-p.m thick

1]SB207710 binding sites in human colon. Tissue sections from human sigmoid colon were labelled with

25 pM of [**°1]SB207710 (A and B) in the absence (total binding, A) or presence of SB204070 (non-specific binding, B). Consecutive sections were
stained with hematoxylin—eosin (C) or modified Karnovsky’s cholinesterase staining method (D). Emulsion autoradiograms of [*2°11SB207710 binding in

the myenteric plexus (E) and in the muscle (F). Scale bar = 10 um.
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sections on a cryostat, thaw-mounted onto gelatin-coated
glass dlides, then stored overnight under vacuum at 4°C.
Tissue sections were incubated with 25 pM of
[*°11SB207710 under the same conditions as described
previously (Sakurai-Y amashita et al., 1999; Takada et al.,
1999). Non-specific binding was determined in the pres-
ence of 1 wM SB204070, a specific 5-HT, receptor antag-
onist (Wardle et a., 1994). Quantitation of the radioligand
binding sites was made using the computerized radiolu-
minographic imaging-plate system (Bio-imaging analyzer
BAS 5000, Fuji Photo Film) with calibrated [**°|]standards
(™ 1]microscales, Amersham, UK). The results were ex-
pressed as the means + S.E.M. in attomoles per milligram.
To obtain autoradiograms with a higher resolution, the
dry-labeled sections were apposed against Hyperfilm-[>H]
(Amersham, UK) for 1 week. To confirm the presence of
the binding sites in the myenteric plexus, the labeled
sections were coated with NTB-3 liquid emulsion (East-
man Kodak, USA), developed with a D19 developer after
exposure and counterstained as described previously
(Yoshimura et al., 1996). For histochemical staining of
cholinesterase, we used a modification of Karnovsky’'s
method (Karnovsky and Roots, 1964).

2.2. Chemicals

[**°11SB207710, (1-n-butyl-4-piperidinyl) methyl-8-
amino-7-iodo-1,4-benzodioxane-5-carboxylate (74 TBq/
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Fig. 2. Receptor autoradiographic evidence of [

mmol), was purchased from Amersham, UK. SB204070,
(1-n-butyl-4-piperidinyl) methyl-8-amino-7-chloro-1,4-
benzodioxane-5-carboxylate, was generously provided by
Smith Kline Beecham, UK.

3. Results

Fig. 1A shows a typica receptor autoradiogram of
[*1]SB207710 binding in the human colon. Moderate
levels of [*°1]SB207710 binding sites were observed over
the muscle layers, and the binding was abolished by the
addition of SB204070, a specific 5-HT, receptor antago-
nist (B). Histochemical staining with hematoxylin—eosin
(©) and for cholinesterase (D) showed that there were also
moderate levels (indicated by an arrow in A, C and D) of
binding sites in the myenteric plexus. The concentration of
specific [**°1]SB207710 binding sites at 25 pM in the
muscle of the human colon was 42.8 + 4.6 amol /mg (in
triplicates of three patients). The concentration in the
myenteric plexus was not calculated because the sites were
not distinguishable from those in the muscle with our
analyzing system; however, emulsion autoradiography fur-
ther demonstrated that there were clearly [**°1]SB207710
binding grains in the myenteric plexus (E) and the muscle
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1]SB207710 binding sites in guinea pig colon. Tissue sections from guinea pig colon with the mucosa

removed were labelled with 25 pM of [%°1]1SB207710 (A and B) in the absence (total binding, A) or presence of SB204070 (non-specific binding, B).
Consecutive sections were stained with hematoxylin—eosin (C) or a modified Karnovsky's cholinesterase staining method (D). Scale bar = 50 p.m.
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In the guinea pig colon, sites with both dense and
moderate binding of [**°11SB207710 were detected in the
muscle layers (Fig. 2A), and SB204070, a specific 5-HT,
receptor antagonist, abolished the binding (Fig. 2B). The
precise localization of the dense [°1]SB207710 binding
sites was examined by hematoxylin—eosin and cholineste-
rase staining to visualize the myenteric neurons containing
acetylcholine esterase, in consecutive tissue sections (Fig.
2C and D). This staining showed that the dense
[**°11SB207710 hinding sites indicated by an arrow in Fig.
2A corresponded to the myenteric plexus (indicated by
arrows in Fig. 2C and D). The concentration of specific
['*1]SB207710 binding sites at 25 pM in the guinea pig
colon was 204.8 4+ 38.4 amol /mg in the myenteric plexus,
and 110.6 + 20.2 amol /mg (n = 4) in the muscle.

4, Discussion

The present study demonstrated that the 5-HT, receptor
was present in the myenteric plexus and in the muscle of
both human and guinea pig colon. The difference in recep-
tor densities between the myenteric plexus and the muscle
was clearly greater in the guinea pig colon than in the
human colon. In the guinea pig colon, the densities in the
myenteric plexus were about twice those in the muscle.

Stimulation of the 5-HT, receptor modulates the motil-
ity of the gastrointestinal tract, in either an excitatory or an
inhibitory manner, depending on the species and anatomi-
cal region (Ford and Clarke, 1993). The 5-HT, receptor
detected in the muscle of the colon may be located on the
smooth muscle cells. The concept is consistent with the
findings of functional studies in which 5-HT caused relax-
ation of circular muscle preparations from human colon
via the 5-HT, receptor (Tam et al., 1994; McLean and
Coupar, 1996). On the other hand, the 5-HT, receptor was
also detected in the myenteric plexus of the human colon,
although the density was not compared with that in the
guinea pig colon. The 5-HT, receptor detected in the
myenteric plexus may be located on the excitatory neu-
rons, and participate in the stimulation of moatility, as in
the case of the guinea pig stomach and ileum (Taniyama et
al., 1991; Kilbinger and Wolf, 1992). The 5-HT, receptor-
mediated contraction of guinea pig colon appears to be
mediated by stimulation of cholinergic neurons and
tachykinin-containing neurons (Gale et al., 1994; Kojima
and Shimo, 1995; Brigjer and Schuurkes, 1996).

In the human colon, the 5-HT, receptor was located
both in the myenteric plexus and in the muscle. In the
guinea pig colon, the receptor was much more predomi-
nantly located in the myenteric plexus than in the muscle.
These results indicate that the predominance of the loca-
tion of the 5-HT, receptor in the myenteric plexus to the

muscle might contribute to the appearance of the contrac-
tile function of the receptor in the guinea pig colon.

Acknowledgements

We thank M. Ohara for helpful comments. This work
was supported by grants from the Ministry of Education,
Science, Sports and Culture, Japan.

References

Brigier, M.R., Schuurkes, JA.J., 1996. 5-HT; and 5-HT, receptors and
cholinergic and tachykininergic neurotransmission in the guinea pig
proximal colon. Eur. J. Pharmacol. 308, 173-180.

Buchheit, K., Buhl, T., 1994. Stimulant effects of 5-hydroxytryptamine
on guinea pig stomach preparations in vitro. Eur. J. Pharmacol. 262,
91-97.

Elswood, C.J.,, Bunce, K.T., Humphrey, P.A., 1991. Identification of
putative 5-HT, receptors in guinea pig ascending colon. Eur. J.
Pharmacol. 196, 149-155.

Ford, A.P., Clarke, D.E., 1993. The 5-HT, receptor. Med. Res. Rev. 13,
633-662.

Gde, JD., Grossman, C.J., Whitehead, JW.F., Oxford, A.W., Bunce,
K.T., Humphrey, P.P.A., 1994. GR113808: a novel, selective antago-
nist with high affinity at the 5-HT, receptor. Br. J. Pharmacol. 111,
332-338.

Karnovsky, M.J., Roots, L., 1964. A direct coloring thiocholine method
for cholinesterase. J. Histochem. Cytochem. 12, 219-221.

Kilbinger, H., Wolf, D., 1992. Effect of 5-HT, receptor stimulation on
basal and electrically evoked release of acetylcholine from guinea pig
myenteric plexus. Naunyn-Schmiedeberg's Arch. Pharmacol. 345,
270-275.

Kojima, S, Shimo, Y., 1995. An enhancing effect of 5-hydroxytryp-
tamine on electrically evoked atropine-resistant contraction of guinea
pig proximal colon. Br. J. Pharmacol. 114, 73-76.

Matsuyama, S., Sakiyama, H., Nei, K., Tanaka, C., 1996. Identification
of putative 5-hydroxytryptamine, (5-HT,) receptors in guinea pig
stomach: the effect of TSK159, a novel agonist, on gastric motility
and acetylcholine release. J. Pharmacol. Exp. Ther. 276, 989—995.

McLean, P.G., Coupar, |.M., 1996. Stimulation of cyclic AMP formation
in the circular smooth muscle of human colon by activation of
5-HT,-like receptors. Br. J. Pharmacol. 117, 238—-239.

Sakurai-Y amashita, Y., Takada, K., Takemura, K., Yamashita, K., Enjoji,
A., Kanematsu, T., Taniyama, K., 1999. Ability of mosapride to bind
to 5-HT, receptor in the human stomach. Jpn. J. Pharmacol. 79,
493-496.

Schuurkes, JA.J., Meulemans, A.L., Obertop, H., Akkermans, L.M.A.,
1991. 5-HT, receptors on the human stomach. J. Gastrointest. Motil.
3, 199.

Takada, K., Sakurai-Yamashita, Y., Yamashita, K., Kaibara, M., Hamada,
Y., Nakane, Y., Hioki, K., Taniyama, K., 1999. Regional difference
in correlation of 5-HT, receptor distribution with cholinergic trans-
mission in the guinea pig stomach. Eur. J. Pharmacol. 374, 489-494.

Tam, F.S.F., Hillier, K., Bunce, K.T., 1994. Characterization of the
5-hydroxytryptamine receptor type involved in inhibition of sponta-
neous activity of human isolated colonic circular muscle. Br. J.
Pharmacol. 113, 143-150.



Y. Sakurai-Yamashita et al. / European Journal of Pharmacology 383 (1999) 281-285 285

Taniyama, K., Nakayama, S., Takeda, K., Matsuyama, S., Shirakawa, J., selective 5-HT, receptor antagonist, on the guinea pig distal colon.
Sano, |., Tanaka, C., 1991. Cisapride stimulates motility of the Br. J. Pharmacol. 112, 789-794.
intestine via the 5-hydroxytryptamine receptors. J. Pharmacol. Exp. Yoshimura, M., S.Yamashita, Y., Kan, S,, Niwa, M., Taniyama, K.,
Ther. 258, 1098—-1104. 1996. Localization of endothelin ETB receptors on the myenteric
Wardle, K.A., Ellis, E.S,, Baxter, G.S., Kennett, G.A., Gaster, L.M., plexus of guinea pig ileum and the receptor-mediated release of

Sanger, G.J.,, 1994. The effects of SB 204070, a highly potent and acetylcholine. Br. J. Pharmacol. 118, 1171-1176.



