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Smooth muscle 5-HT;, receptors mediating contraction of porcine
isolated proximal stomach strips
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1 The aim of this study was to characterize the 5-HT receptors involved in the 5-HT-induced
contraction of longitudinal muscle (LM) strips of porcine proximal stomach. This was done in a
classical organ bath set-up for isotonic measurement.

2 The concentration-contraction curve to 5-HT was not modified by 5-HT; and 5-HT, receptor
antagonism. Methysergide, ketanserin and mesulergine antagonized the curve to 5-HT.
Concomitantly, increasing concentrations of ketanserin and mesulergine progressively revealed a
biphasic nature of the 5-HT curve. Ketanserin antagonized the low-affinity receptor while it did not
modify the high-affinity receptor.

3 Tetrodotoxin did not influence the concentration-contraction curve to 5-HT neither in the
absence nor presence of ketanserin, indicating that nerves are not involved.

4 Ketanserin competitively antagonized the monophasic concentration-response curve to «-Methyl-
5-HT, yielding a Schild slope that was not significantly different from unity. After constraining the
Schild slope to unity, a pKp estimate of 8.23 +0.90 was obtained. This affinity estimate of ketanserin
closely approximates previously reported affinities at 5-HT,a receptors.

5 In the presence of ketanserin (0.1 uM; exposing the high-affinity receptor), a wide range of 5-HT
receptor antagonists covering all 5-HT receptors known, was tested. Only methysergide and
ritanserin inhibited the response to 5-HT, thus expressing affinity for the high-affinity receptor. This
did not reveal the identity of the receptor involved.

6 It can be concluded that 5-HT induces pig proximal stomach (LM) contraction via 5-HT,a
receptors located on smooth muscle. A ketanserin-insensitive phase of contractions could not be
characterized between the actually known classes of 5-HT receptors with the pharmacological tools
that were used.
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Introduction

Many studies have indicated the involvement of various
subtypes of 5-HT receptors in proximal stomach motility
regulation. Kojima et al. (1992), Meulemans et al. (1993) and
Takemura et al. (1999) have shown S5-HT; receptors
mediating relaxation in guinea-pig proximal stomach in vitro.
5-HT; receptors are found to mediate relaxation in both
distal (Prins et al., 2001a) and proximal (Janssen et al., 2002)
parts of the canine stomach. Data from in vivo studies have
also indicated that 5-HT; receptors mediate relaxation, since
sumatriptan (a 5-HT; receptor agonist) relaxed the proximal
stomach of cat (Coulie et al., 1999) and of man (Tack et al.,
2000). To date it is not known what mechanism underlies this
effect linked to 5-HT; receptors. Takemura et al. (1999)
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demonstrated that the 5-HT-induced contraction of guinea-
pig fundus strips was antagonized by ketanserin, suggesting
5-HT,4 receptor involvement. 5-HT,5 receptors were also
found to mediate contraction in the canine proximal stomach
(Janssen et al., 2002). However, rat gastric fundus contraction
is mediated by 5-HT,p receptors (Baxter et al., 1994). 5-HT;
receptors mediate stomach contraction in the guinea-pig, in
vitro (Buchheit & Buhl, 1994). In conscious dogs, m-
chlorophenylbiguanide (a selective 5-HT; receptor agonist)
stimulates antral motility (Nagakura er al., 1997). 5-HT4
receptor agonists potentiate electrically evoked contractions
in longitudinal muscle of dog gastric corpus (Prins et al.,
2001b) and circular muscle of the guinea-pig gastric fundus
and corpus (Hegde & Eglen, 1996).

The digestive system of man and pig show physiological
and anatomical similarity (Miller & Ullrey, 1987). Therefore
we found it of interest to investigate the 5-HT receptor
pharmacology of the porcine proximal stomach. With respect
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to 5-HT receptor pharmacology, data from studies with
porcine or human stomach are scarce. Although 5-HT
contracts the pig proximal stomach in vitro (Lefebvre &
Vandekerckhove, 1998), it is yet unknown which 5-HT
receptor mediates this contraction. We have set out to
characterize the receptors involved in 5-HT-induced contrac-
tion of pig proximal stomach longitudinal muscle.

Methods
Tissue preparation

Piglets of either sex, weighing between 12 and 20 kg, were
sacrificed by decerebration and successive exsanguination
through the carotid artery. The entire stomach was dissected
and placed in Krebs-Henseleit solution (composition in mM:
glucose 10.1, CaCl, 2.51, NaHCOj; 25, MgSO, 1.18, KH,PO,
1.18, KCI 4.69 and NaCl 118). The stomach was opened by
cutting along the lesser curvature and the contents were
rinsed out. A piece of proximal stomach, clearly showing
longitudinal muscle bundles along the greater curvature, was
carefully cleared of mucosa, submucosa and omentum.
Longitudinal muscle strips (maximum 16 per piglet) of
approximately 1.5 cm length and 2-3 mm width were
prepared and mounted onto tissue holders. These were
placed in an organ bath set-up containing Krebs— Henseleit
solution (20 ml) at 37°C, continuously gassed with 95% O,
and 5% CO,. The mechanical activity of the preparations
was recorded via isotonic transducers (2 g load) (Harvard
apparatus) on a chart recorder (Model BD 112; Kipp &
Sons). All strips were studied on the day of preparation.

Experimental protocols

All experiments were conducted in the presence of indo-
methacin (1 uM) to avoid spontaneous contractions due to
prostaglandin synthesis. Still, after indomethacin addition
24% (from 27 out of 111 pigs) of all strips showed a
spontaneous rise in tone during the stabilization period; these
strips were not used.

After a 30 min stabilization period antagonist or solvent
was added to the organ bath and left to incubate for 30 min,
after which a cumulative concentration-response curve to an
agonist was established with half log-units ascending
concentration increments from 1 nM onwards. The time
interval between two consecutive concentrations was approxi-
mately 10 min. Then, compounds were washed out by
replacing the organ bath solution twice. Maximal relaxation
to nitroglycerin (10 uM) was achieved after which maximal
contraction to KCl (0.16 M) was obtained. All agonist-
induced responses were expressed as percentage of the
contraction to KCIl (0.16 M) after nitroglycerin relaxation
(10 uM). Only one agonist was studied per muscle strip.

Data analysis

Monophasic curves were used for an iterative fitting
procedure using the Hill equation to obtain estimates for
mid-point location (pECsp), upper asymptote (o), and Hill
slope (ny). Curves displaying a biphasic curve shape were
fitted by iterative fitting procedure to a double Hill equation:

R )
Ko+ (A7 Ky + 4]

In this equation, E represents the response elicited by the
agonist, [A] represents concentration of agonist, o indicates
the maximum effect asymptote, K, the dissociation constant
and ny the Hill slope. The indices 1 and 2 refer to the first
and to the second phase response, respectively. It was not
feasible to selectively eliminate the high-affinity contraction
by pharmacological antagonism, therefore, we did not know
whether the low-affinity contraction is added to the high-
affinity contraction or not, as a result it was not feasible to
interpret the curve parameters for the low-affinity contrac-
tion. We thus only used this biphasic curve fitting procedure
to obtain agonist curve parameter estimates of the high
affinity phase.

Concentration—dependent antagonism of 5-HT by methy-
sergide and of the a-methyl-5-HT curve by ketanserin was
quantified by an iterative fitting procedure using a derivative
of the Schild equation (as presented by Black et al., 1985).

Statistical evaluation

To test the influence of a treatment on the curve parameters
of an agonist concentration-response curve, one-way ANO-
VA was performed. A level of P<0.05 was considered to
indicate significance. To test the criteria for Schild-analysis
(curves must have equal slopes and upper asymptotes), one-
way ANOVA was performed, followed by a post-hoc
Bonferroni’s test for multiple comparisons. All data are
expressed as the mean+s.e.means, where n represents the
number of piglets used in one experimental protocol.

Drugs

The following drugs were used (abbreviations and respective
suppliers in parentheses): S-methoxytryptamine (5-MeOT), 2-
methyl-5-HT (2-Me-5-HT), granisetron HCI, mesulergine HCI,
ritanserin, ketanserin tartrate, 1-(2-methoxyphenyl)-4-[4-(2-
phthalimido)butyl]piperazine HCl (NAN-190), N-(1-methyl-5-
indolyl)-N’-(3-methyl-5-isothiazolyl)urea (SB204741), [I1-[2-
(methylsulphonyl)amino]ethyl]-4-piperidinyljmethyl1-methyl-

1H-indole-3-carboxylate (GR113808; Janssen Research Foun-
dation, Belgium), atropine sulphate (Janssen Chimica, Bel-
gium), S-hydroxytryptamine creatinine sulphate (5-HT),
tetrodotoxin (TTX; Serva, Germany), ¢-methyl-5-HT (x-Me-
5-HT), fluoxetine HCI, w-conotoxin GVIA (w-conotoxin), 5-
carboxamidotryptamine (5-CT; Tocris Cookson, U.K.), potas-
sium chloride (KCI; Sigma, Belgium), methysergide maleate
(RBI, U.S.A.), 2-methyl-4-(5-methyl-[1,2,4]oxadiazol-3-yl)-bi-
phenyl-4-carboxylic acid [4-methoxy-3-(4-methyl-piperazin-1-
yD)-phenyllamide HCI (GR127935; kindly donated by Glaxo
Group Research, Ware, U.K.), cocaine HCI, glycerol trinitrate
1% (nitroglycerin; Merck, Germany) and pargyline HCI
(Abbott, U.S.A.). All compounds were dissolved in distilled
water, except for ketanserin, pargyline and 5-HT. Ketanserin
was dissolved in distilled water acidified with tartaric acid in the
stock solution; pargyline was dissolved in distilled water with
10% cyclodextrine in the stock solution. 5-HT was prepared
with ascorbic acid (44 ug ml~') in the stock solution. The
solvents had no effect on the baseline muscle strip length or the
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curves to agonists. All stock solutions were freshly prepared on
the day of the experiment and dilutions were prepared using
distilled water.

Results

Although 24% of all muscle strips showed spontaneous tone
rise (see Methods), muscle strips did not display phasic
activity. 5-HT and the tryptamine analogues induced slowly
equilibrating contractions that were maintained. In this
manner, it was feasible to establish cumulative concentra-
tion—contraction curves to these agonists. There was
substantial variation in the response induced by the agonists
tested, which was further enhanced by the interaction of the
agonists with more than one receptor.

Inhibition of re-uptake-1 by cocaine (30 uMm), of selective 5-
HT re-uptake by fluoxetine (0.3 uM) and of monoamine
oxidase by pargyline (0.1 mM) did not change the curve
parameters of the 5-HT curve (n=35); tetrodotoxin (TTX;
0.3 uM), w-conotoxin (0.3 uM) and atropine (1 uM) did not
affect the concentration—contraction curve to 5-HT (n=6,
results not shown).

Influence of tryptamine analogues and 5-HT receptor
antagonists on the response to 5-HT

All agonists tested induced contraction of the muscle strips
(Figure 1); pECsp, o and ny obtained from the monophasic
curve fitting procedure are given in Table 1. The following
rank order of agonist potency was found: 5-HT > 5-CT>a-
Me-5-HT > 2-Me-5-HT > 5-MeOT. A representative tracing
showing the concentration-response curve to 5-HT can be

607 0 s-HT (@=11)

A 5-CT (n=6)

50 1 ¥ 2-Me-5-HT (n=6)
¢ 5-MeOT (n=6)

40 | ® o-Me-5-HT (n=6)

=
2
2
£ 30
=
3
1]
X
20 1
10 1
0 -
L ) L LI L 1] L]
-9 -8 -7 -6 -5 4 3
[agonist] log (M)
Figure 1 Concentration—contraction curves to 5-HT, 5-CT, 2-Me-

5-HT, 5-MeOT and o-Me-5-HT of porcine proximal stomach
longitudinal muscle preparations. Contractions were expressed as
percentage of muscle strip contraction to KCI (0.16 m). The curves
shown superimposed on the vertically averaged data points represent
simulations using the Hill equation and the estimates for « (with
vertical error bars) and pECs, (with horizontal error bars) that were
obtained from the iterative fitting procedure.

seen in Figure 2A. A decline in contractile response was seen
from 10 uM onwards. This was regularly seen and we believe
that this is due to desensitisation. Only the concentrations up
to the maximum contraction were taken into account
calculating the mean results.

Neither the selective 5-HT3 receptor antagonist granisetron
(Sanger & Nelson, 1989; 0.3 uM) nor the selective 5-HT,
receptor antagonist GR113808 (Gale er al., 1994; 0.3 um)

Table 1 Curve parameters for the concentration—response

curves to 5-HT and tryptamine analogues
Agonist PECs o ny
S-HT 6.95+0.05 0.49+0.03 1.20+0.06
5-CT 6.60+0.11 0.22+0.04 1.12+0.36
2-Me-5-HT 5.68+0.12 0.124+0.02 1.09+0.17
5-MeOT 5.4240.13 0.5440.02 0.80+0.05
o-Me-5-HT 6.31+0.12 0.49+0.06 1.46+0.12

The parameters «, pECsy and ny were obtained from the
iterative fitting procedure using the Hill equation. Estimates
are expressed as mean+s.e.means. (n=6-11)
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Figure 2 Representative recorder tracings showing the response to
5-HT in pig proximal stomach muscle strips. 5-HT was administered
with half log unit concentration increments as indicated by the
arrows. The upper tracing (A) represents a concentration—response
curve in control condition, while the lower tracing (B) is in the
presence of ketanserin (0.1 um).
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altered the concentration-response curve to 5-HT (n=6-38;
Table 2).

Methysergide (5-HT,, 5-HT,, 5-HTs, 5-HT¢ and 5-HT;
receptor antagonist; Gommeren et al., 1998; Figure 3A),
mesulergine (5-HT, and 5-HT; receptor antagonist; Hoyer et
al., 1994; Figure 3B) and ketanserin (5-HT,5 receptor

antagonist; Hoyer er al, 1994; Figure 3C) induced a
concentration-dependent rightward shift of the concentra-
tion-response curve to 5-HT without significantly altering the
maximum effect. Methysergide competitively antagonized the
5-HT-induced concentration—response curves. A pKg value
of 8.60+0.12 was estimated. In the presence of increasing

Table 2 Curve parameters for the concentration—response curves to 5-HT in control conditions and in the presence of the antagonists

indicated

Treatment pECsy

Saline 6.96+0.09
granisetron (0.3 uMm) 6.94+0.10
GR113808 (0.3 um) 6.97+0.07
saline + KET 7.394+0.30
granisetron (0.3 um)+ KET 7.73+0.28
GR113808 (0.3 um)+ KET 7.6940.34
saline+ KET 7.604+0.60
GR127935 (0.3 um)+KET 7.79+0.77
saline+ KET 7.334+0.75
NAN-190 (0.03 um)+KET 7.58+0.80
saline+ KET 7.66+0.38
SB-204741 (0.3 um) + KET 7.50+0.36

a ny
0.55+0.09 1.06£0.09
0.55+0.06 1.30+0.22
0.574+0.05 1.04+0.08
0.27+0.06 1*
0.26+0.05 1*
0.214+0.04 1*
0.12+0.05 1*
0.09+0.04 1*
0.08 £0.04 1*
0.124+0.07 1*
0.2040.05 1*
0.18+0.04 1*

The parameters for the experiments without ketanserin 0.1 um (KET) o, pECsy and ny were obtained from the iterative fitting
procedure to the Hill equation. *The parameters for the experiments with KET were obtained from the iterative fitting procedure to the
double Hill equation with the slope constrained to 1. Only the high-affinity contraction parameters are shown. Values are expressed as

mean +s.e.means. (n=>5-28)
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Influence of increasing concentrations of methysergide (MET; A), mesulergine (MES; B) and ketanserin (KET; C and D)

on the 5-HT-induced contractions of porcine proximal stomach longitudinal muscle strips. The vertically averaged experimental
data points were expressed as mean percentage +s.e.means of the contraction to KCl (0.16 M) and connected by a line.
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concentrations of ketanserin and mesulergine, the concentra-
tion—response curve to 5-HT became progressively biphasic,
indicative of multiple receptors mediating the response to 5-
HT. Ketanserin antagonized the low-affinity phase of the
response to 5-HT while it did not modify the high-affinity
phase. Similar results were obtained with higher concentra-
tions of ketanserin (up to 1 uM; Figure 3D). With 1 um of
ketanserin, a significant depression of the maximal effect to 5-
HT was observed. A representative tracing of the response to
5-HT in the presence of ketanserin (0.1 uM) can be seen in
Figure 2B.

Ketanserin (10—100 nM) produced a parallel rightward
displacement of the concentration-contraction curve to «-Me-
5-HT (Figure 4), yielding a Schild slope of 1.16+0.14, this
was not significantly different from unity. After constraining
the Schild slope to unity, a pKp estimate of 8.23+0.09 was
obtained.

Contractions to 5-HT and tryptamine analogues in the
presence of ketanserin

While antagonizing the low-affinity contraction to 5-HT,
ketanserin (7 nM—1 puM) did not affect the high-affinity
contraction to 5-HT. To investigate which receptors are
involved in the high-affinity contraction to 5-HT, it was
necessary to antagonize the 5-HT receptor population
mediating the low-affinity contractions to 5-HT. In order to
do this, the following experiments were performed in the
presence of ketanserin (0.1 uM).

Neither TTX (0.3 uM) nor atropine (1 um) affected the
concentration-response curve to 5-HT in the presence of
ketanserin (n=6; results not shown).

5-HT and tryptamine analogues all induced contraction
(Figure 5). 5-CT and 5-HT induced a biphasic concentra-
tion—response curve revealing a high- and a low-affinity
phase. The curves were fitted to the double Hill equation to
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obtain curve parameters for the high-affinity contraction to 5-
HT and 5-CT (Table 3). The concentration-response curve to
a-Me-5-HT was monophasic and was fitted to the Hill
equation for monophasic curves, yielding values for « and ny
that were not statistically different from those obtained in the
absence of ketanserin. However the pECs, value was
significantly lower compared to the pECs, in the absence of
ketanserin (Table 1 vs Table 3). The concentration—response
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Figure 4 Antagonism by ketanserin of the o-Me-5-HT-induced
contraction of porcine proximal stomach longitudinal muscle
preparations. The curves shown superimposed on the vertically
averaged data points represent simulations using the Hill equation
and the estimates for o (with vertical error bars) and pECs, (with
horizontal error bars) that were obtained from the iterative fitting
procedure.
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Figure 5 Concentration-contraction curves to 5-HT, 5-CT (A) and 2-Me-5-HT, 5-MeOT and o-Me-5-HT (B) of porcine proximal
stomach longitudinal muscle preparations in the presence of ketanserin (0.1 uM). The curves shown superimposed on the vertically
averaged data points+s.e.means for 5-HT and 5-CT represent simulations using the double Hill equation. The curve shown
superimposed on the vertically averaged data points+s.e.means for a-Me-5-HT represent simulation using the Hill equation. The
curves to 2-Me-5-HT and 5-MeOT were not fitted. The vertically averaged experimental data points+s.e.means of these agonists

were connected by a line.
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Table 3 Curve parameters for the concentration—response
curves to 5-HT, 5-CT and «-ME-5-HT in the presence of
0.1 uM ketanserin

PECs0,1 L7} N,
S5-HT 7.30+0.14 0.094+0.01 1.13+0.29
5-CT 7.07+0.20 0.09+0.02 1.194+0.62
a-Me-5-HT 5.11+0.03 0.434+0.09 1.60+0.27

The parameters o), pECso; and ny; for 5-HT and 5-CT
were obtained from the iterative fitting procedure to double
Hill equation. Only the high-affinity contraction parameters
are shown. The parameters for the «-Me-5-HT-induced
contractions were obtained from the iterative fitting proce-
dure to the Hill equation. Values are expressed as mean+
s.e.means. (n=6-12)

curve to 5-MeOT did not reach a maximum (results not
shown), and could therefore not be fitted; also in the presence
of lower concentrations of ketanserin (10—30 nM), the
maximal effect was not reached by 5-MeOT at 300 um
(results not shown). The 2-Me-5-HT-induced contraction
curve appeared neither monophasic nor biphasic, therefore
no curve fit was performed.

Sumatriptan (1 nM—-0.1 mMm), a 5-HT;, 5-HT;p and 5-
HT,r receptor agonist (Hoyer et al., 1994) was not able to
significantly contract the muscle strips (results not shown;
n=>5).

Influence of 5-HT receptor antagonists on the 5-HT
induced contractions in the presence of ketanserin

Mesulergine (1 uMm), GR127935 (5-HT;g, 5-HT;p receptor
antagonist; Terron, 1996; 0.1 uM), granisetron (0.3 uM),
GR113808 (0.3 um), NAN-190 (5-HT, A receptor antagonist;
Cao & Rodgers, 1997; 0.03 um) and SB-204741 (5-HT,p
receptor antagonist; Forbes et al., 1995; 0.3 uMm) did not alter
the high-affinity phase of the concentration-—response curve
to 5-HT (n=5-7; Table 2). Ritanserin (5-HT,4, 5-HT»p, 5-
HT,c and 5-HT; receptor antagonist; Gommeren et al., 1998;
0.3 uM) did not alter the Hill slope or pECsy of the high-
affinity phase of the 5-HT curve but depressed the maximal
effect (n=7; Figure 6A). Methysergide (1 uMm) affected the
high-affinity contraction to 5-HT with a depression of the
maximum effect (n="7; Figure 6B).

Mesulergine (1 pMm), GR127935 (0.1 um) and NAN-190
(0.03 um) did not alter the concentration-response curve to 5-
CT. Methysergide (1 um) affected the high-affinity contrac-
tion to 5-CT with a depression of the maximum effect (n=06;
Figure 6C).

Discussion

The data presented in this study suggest that at least two
receptor populations mediate the contraction to 5-HT of pig
proximal stomach longitudinal muscle. One receptor popula-
tion has the characteristics of the 5-HT,5 receptor, whilst it
was not possible to identify the other receptor population
with the pharmacological tools that were used.

The experiments with pargyline, fluoxetine and cocaine
imply that breakdown or re-uptake of 5-HT does not impact
the interaction of 5-HT with its receptors. Furthermore, the
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Figure 6 Effect of ritanserin (A) on the 5-HT-induced concentra-
tion—contraction curve and of methysergide (1 uM) on the 5-HT- (B)
and 5-CT- (C) induced concentration—contraction curve of porcine
proximal stomach longitudinal muscle strips. The experiments were
performed in the presence of ketanserin (0.1 um). The curves shown
superimposed on the vertically averaged data points+s.e.means
represent simulations using the double Hill equation. The 5-HT-
induced concentration—contraction curve in the presence of
methysergide was not fitted, the vertically averaged experimental
data points+s.e.means were connected by a line.
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inability of TTX to affect the 5-HT-induced contractions,
either in the absence or presence of ketanserin, indicates that
the receptors involved are most likely located on the smooth
muscle.

Involvement of a low and high affinity receptor

The rank order of agonist potency of the tryptamine
analogues can be used to roughly identify the 5-HT receptor
subtype involved in a particular response (Baxter et al., 1994;
Leff & Martin, 1988). Our rank order of agonist potency is
difficult to interpret, perhaps as a result of the heterogeneous
nature of the 5-HT receptor population. In this manner,
multiple rank orders of agonist potencies overlap. Never-
theless, of the tryptamine analogues used, o-Me-5-HT and 5-
CT were clearly more potent than 2-Me-5-HT and 5-MeOT,
suggesting the possible involvement of 5-HT, receptors, and
5-HT, and 5-HT; receptors respectively. 2-Me-5-HT and 5-
MeOT were markedly less potent agonists, thus implying that
5-HT; and 5-HTy4 receptors are not involved or of minor
importance. In the presence of ketanserin, the curves to 5-HT
and 5-CT, but not those to the other tryptamine analogues,
became biphasic. These findings are consistent with a
heterogeneous receptor population consisting of at least two
different receptor subtypes. One is stimulated by 5-HT, «-Me-
5-HT, 5-CT, 2-Me-5-HT and 5-MeOT and ketanserin-
sensitive, hence is most likely a 5-HT, receptor. The other
ketanserin-insensitive receptor displays a relatively high
affinity (both using 5-HT or 5-CT) but a relatively low
efficacy in comparison to the ketanserin-sensitive receptor. To
distinguish between the two receptors, the ketanserin-sensitive
receptor was thus called the low-affinity receptor.

The involvement of 5-HT; and 5-HT, receptors is unlikely.
Indeed, the preferential 5-HT3 receptor agonist 2-Me-5-HT
induces a low potency, low efficacy response and the selective
5-HT; receptor antagonist granisetron (Sanger & Nelson,
1989) did not affect the curve to 5-HT in the absence and the
presence of ketanserin. The putative 5-HT, receptor agonist
5-MeOT was clearly less potent than 5-HT, «-Me-5-HT and
5-CT. In the presence of ketanserin, no biphasic response to
5-MeOT was induced indicating that 5-MeOT has little
affinity for the high-affinity contraction receptors. Further-
more, GR113808 did not alter the 5-HT-induced concentra-
tion-response curve either in the absence or presence of
ketanserin. This emphasizes that neither 5-HT3; nor 5-HT4
receptors are involved in either phase of the 5-HT-response.

Characterization of the low-affinity receptor

The competitive antagonism produced by ketanserin (10—
100 nM) on the o-Me-5-HT-induced contraction pointed
strongly to 5-HT,A receptor involvement. The pKp estimate
for ketanserin (8.23+0.09) against «-Me-5-HT agrees well
with literature affinities at 5-HT, receptors (dog colon: pKg
of 8.4+0.1; Prins et al., 1997), rat caudal artery: pA, of
8.4+0.1; (Blackburn et al., 1988)). The results with
ketanserin also show that «-Me-5-HT has little or no affinity
for the high-affinity receptor.

This confirms the presence of contractile 5-HT,, receptors
in pig proximal stomach LM strips and explains the effect of
ketanserin on the curve to 5-HT. Ketanserin, as well as
mesulergine, antagonized the 5-HT-induced curve, revealing a

biphasic nature of the 5-HT-induced contraction curve.
Methysergide on the other hand competitively antagonizes
the low-affinity phase. The pKy estimate for methysergide is
well in line with literature affinities for the 5-HT, receptors
(pK; of 8.6 (Hoyer & Schoeffter, 1991)).

Characterization of the high-affinity receptor

To study the high-affinity receptor, experiments were
performed in the presence of ketanserin (0.1 um). Only 5-
CT and 5-HT display affinity for the high-affinity receptor,
suggesting the apparent involvement of 5-HT; or 5-HT,
receptors. Although ritanserin depressed the curve to 5-HT
(Figure 6A) it is very unlikely that 5-HT, receptors were
involved, since (1) 5-HT,4 receptors were already blocked by
ketanserin; (2) the selective 5-HT,p receptor antagonist SB-
204741 was ineffective; (3) ketanserin, at high concentrations
also blocks 5-HT,c receptors, the non-effect of ketanserin
and mesulergine rules out the involvement of 5-HT,c
receptors. 5-HT; receptors are most likely not involved for
two reasons. First, 5-HT; receptors located on smooth
muscle are expected to mediate relaxation, in view of their
positive coupling to adenylate cyclase (Jasper et al., 1997).
Second, mesulergine, a potent 5-HT; receptor antagonist
(Terron & Falcon-Neri, 1999), did not affect the high-affinity
response to both 5-HT or 5-CT. Thus, this would point to
the involvement of 5-HT receptors belonging to the 5-HT,
receptor class. This seems to be corroborated by the influence
of methysergide (prevents interactions with 5-HT;, 5-HT,, 5-
HT; receptors) on the response to 5-HT and 5-CT in the
presence of ketanserin. However, GR127935 and NAN-190
did not affect the high-affinity contraction to 5-HT.
Furthermore, it is unlikely that 5-HT,g and 5-HT receptors
are involved, since 5-CT (weak 5-HT g receptor agonist;
Hoyer et al., 1994) is relatively potent and sumatriptan
(efficacious 5-HT, receptor agonist, Hoyer et al., 1994) is
ineffective. These results can correlate with three possibilities:
(1) the receptor involved in the high-affinity contraction to 5-
HT can not be characterized within the actually described
subtypes of 5-HT receptors; (2) the used tools are not
correctly labelled for the pig 5-HT receptor sequence; or (3)
the receptor involved is not a 5-HT receptor.

In conclusion, at least two different receptors mediate the
contraction observed in porcine proximal stomach LM strips
upon 5-HT administration. A 5-HT,A receptor mediates the
low-affinity, high-efficacy contraction, becoming the second
phase of contractions in the presence of a 5-HT,, receptor
antagonist. A high-affinity receptor population mediates a
less efficacious contraction that becomes the first phase of
contractions in the presence of a 5-HT,, receptor antagonist.
This high-affinity receptor to 5-HT is methysergide-, ritanser-
in- and 5-CT-sensitive. This receptor could not be character-
ized between the actually known classes of 5-HT receptors
with the pharmacological tools that were used.

The authors wish to thank Luc Hoskens and Marcel Sysmans for
their technical assistance.
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