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G-protein activation at 5-HT receptors by the 5-ht,y ligand
L.Y334370 in guinea-pig brain sections and recombinant cell lines

Delphine S. Dupuis, Francis C. Colpaert & 'Petrus J. Pauwels

Department of Cellular and Molecular Biology, Centre de Recherche Pierre Fabre, 17, avenue Jean Moulin, 81106 Castres Cédex,

France

1 G-protein activation by the 5-ht,r receptor agonist 5-(4-fluorobenzoyl)amino-3-(1-methylpiperidin-4-
yl)-1H-indole fumarate (LY334370) was investigated by use of autoradiography of receptor-activated G-
proteins in guinea-pig brain sections and [**S]-GTPyS binding responses in cell lines stably expressing
human 5-HT,4 (h 5-HT,,) receptors.

2 LY334370 (10 uMm) caused little or no stimulation of [**S]-GTPyS binding in guinea-pig brain regions
enriched in 5-ht,r binding sites (e.g., claustrum, caudate/putamen and thalamic nuclei), as identified by
labelling with 10 nM [*H]-sumatriptan plus 10 nM 5-carboxamidotryptamine (5-CT).

3 Application of LY334370 (10 uM) to guinea-pig brain sections resulted in an increase of [**S]-GTPyS
binding in hippocampus (123 +17%), lateral septum (58 +14%), dorsal raphe (57+10%), entorhinal
(37+11%) and cingulate cortex (28 +10%). This distribution fits with the G-protein activation mediated
by 5-HT, receptors as found with lisuride (10 um), and labelling of 5-HT, receptors by 140 pm ['**1]-4-
(2’-methoxy-phenyl)-1-[2'-(n-2""-pyridinyl)-p-iodobenzamido]-ethyl-piperazine (p-MPPI).

4 The LY334370-mediated [**S]-GTPyS response was antagonized by the selective, silent 5-HT4
receptor antagonist N-[2-[4-(2-methoxyphenyl)1-piperazinyllethyl]-N-(2-pyridinyl)cyclohexanecarboxa-
mide (WAY100635, 1 uM) in each of the brain structures investigated. The distribution pattern of the
[**S]-GTPyS binding response and the antagonist profile suggest that the LY334370-induced response in
guinea-pig brain is mediated by 5-HT,, receptors.

5 The maximal LY334370-induced [**S]-GTPyS binding response (83 to 94%) in membranes of
recombinant C6-glial/h 5-HT,, and HeLa/h 5-HT;, cells was close to that of 5-HT, suggesting
LY334370 to exert high intrinsic activity at h 5-HT,, receptors.

6 In conclusion, in guinea-pig brain sections and recombinant cell lines the 5-ht;r receptor agonist
LY334370 causes G-protein activation that is mediated by 5-HT;, receptors. Caution should be taken

when employing this ligand as a putative selective 5-ht,r agonist.
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Introduction

S-Hydroxytryptamine (5-HT) elicits diverse physiological
responses as a neurotransmitter or neuromodulator in the
mammalian central nervous system through multiple distinct
receptor subtypes (see Hoyer et al., 1994). Of these, 5-htg
receptors have received particular attention because of their
putative involvement in the neurogenic dural inflammation
model of migraine (Johnson et al., 1996; Phebus et al., 1996).
This presumed involvement is based mainly on observations
made with 5-(4-fluorobenzoyl)amino-3- (1-methylpiperidin-4-
yl)- 1H-indole fumarate (LY334370), an apparently selective
high affinity agonist at the 5-ht;g receptor (Lucaites et al.,
1996; Overshiner et al., 1996; Wainscott et al., 1996).
LY334370 also shows nanomolar binding affinity for the 5-
HT,A receptor, but in vivo studies have so far failed to reveal
any functional 5-HT,, agonist or antagonist activity of
LY334370 at doses that are several orders of magnitude
higher than that (i.e., 0.1 mgkg~' s.c.) at which the
compound is fully effective in the 5-ht,p-sensitive rat dural
extravasation model (Overshiner et al., 1996).

The aim of the present study was to explore G-protein
activation mediated by 5-ht, binding sites in native guinea-pig
brain tissue. Autoradiography of 5-ht,r receptor-activated G-
proteins was determined by agonist-stimulated [**S]-GTPyS
binding. This approach provides a method of functional
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neuroanatomy that identified changes in the activation of G-
proteins by u-opioid, cannabinnoid, y-aminobutyric acid type
B and 5-HT,sp receptors (Sim et al., 1995, Waeber &
Moskowitz, 1996; Scott & Bruinvels, 1997; Stanton et al.,
1997; Dupuis et al., 1998). The experiments analysed the
relationship between the 5-ht;r binding site distribution
obtained by receptor binding autoradiography and the
activated state of G-proteins by LY334370. The data failed
to reveal any substantial activation by LY334370 of G-
proteins in guinea-pig brain regions rich in 5-ht,y binding sites,
while the compound did cause G-protein activation at 5-HT
receptors. The activity of LY334370 was further explored in
membrane preparations of cell lines stably expressing human
5-HT,4 (h 5-HT,,) receptors.

Methods
Preparation of guinea-pig brains sections

Male Hartley guinea-pigs (300-350 g) were killed by
decapitation; the whole brain was removed and frozen in
isopentane cooled at —35°C. The brain was sectioned into
20 um thick coronal (anterior 10.6 to 4.2 mm; Luparello,
1967) and horizontal brain sections (4™ ventricle to the
aqueduct) with a cryostat-microtome (Leica JUNG CM
3000) at —20°C. Sections were thawed-mounted on adhesive
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microscope slides, dried under vacuum overnight and used
fresh or stored at —80°C for maximally one month before
use.

S-ht;r and 5-HT, 4 receptor binding autoradiography to
guinea-pig brain sections

Incubations were performed principally as previously
described (Waeber & Moskowitz, 1995; Kung et al., 1995).
Briefly, sections were preincubated for 20 min at 25°C in
Krebs solution (composition in mMm: NaCl 118, KCl 4.8,
CaCl, 1.2, MgCl, 1.2 and Tris-HCI 15; pH 7.4), and then
covered with 0.5 ml of Krebs solution containing 10 nM
[PH]-sumatriptan and 10 nM 5-CT for 1 h to label 5-ht;¢
binding sites. Non-specific binding was determined in the
presence of 10 um 5-HT. The incubation was stopped by
two washes in ice-cold 50 mM Tris-HCI buffer (pH 7.4) and
a dip in ice-cold deionized water. Sections were dried under
a stream of cold air and then exposed to Kodak Biomax
MR film for a period of between 4 to 6 weeks. For ['*°I]-p-
MPPI autoradiography of 5-HT,, receptors, sections were
exposed to 140 pMm of ['*1]-4-(2'-methoxy-phenyl)-1-[2'-(n-2"-
pyridinyl)-p-iodobenzamido]-ethyl-piperazine (['*’I]-p-MPPI)
for 2 h. Non-specific binding was determined in the presence
of 10 uM 8-(hydroxy)-2-(di-n-propylanime) tetralin (8-OH-
DPAT). The incubation was stopped by two washes for
30 min in ice-cold 50 mM Tris-HCI buffer (pH 7.4), followed
by a dip in ice-cold deionized water. Sections were exposed
to film between 12 to 60 h.

Autoradiography of 5-ht;r and 5-HT,, receptor agonist-
stimulated [* ]-GTPyS binding to guinea-pig brain
sections

Autoradiography of 5-ht;r receptor-stimulated [**S]-guano-
sine-5'-O-(y-thiotriphosphate) ([**S]-GTPyS binding in brain
sections was performed principally as described by Sim et al.
(1995). Sections were preincubated for 10 min at 25°C in
50 mMm Tris-HCI supplemented with 3 mm MgCl,, 0.2 mM
EGTA, 100 mM NaCl (pH 7.4). Thereafter, sections were
exposed to 2 mM guanosine 5'-diphosphate (GDP) for
20 min and subsequently exposed to Tris-HCl buffer
containing 2 mM GDP and 50 pM [**S]-GTPyS either in the
absence or presence of LY334370 for 2 h at 25°C. Basal
[**S]-GTPyS binding was defined in the absence of agonist.
The incubation was stopped by two washes with ice-cold
50 mM Tris-HCI (pH 7.4), and a brief immersion in ice-cold
deionized water. Sections were dried and exposed to Kodak
Biomax MR film as described above. Autoradiography of 5-
HT,, receptor agonist-stimulated [**S]-GTPyS binding was
performed in the presence or absence of antagonist as
described by Dupuis et al. (1998), with lisuride instead of
1L.694247.

Cell lines with stable expression of human 5-HT,
receptors

The HeLa/HA7 cell line containing the pRK7/h 5-HT,,
plasmid and stably expressing h 5-HT;, receptors (Fargin
et al., 1989) was cultured as previously described (Pauwels
et al., 1993). Co-glial cells stably transfected with a
pcDNA3/h 5-HT;o plasmid (Wurch et al., 1996) were
cultured as described for Co6-glial/h 5-HT,3 cells (Pauwels
et al., 1996). h 5-HT,, receptor binding was performed as
previously described with [*H] 8-OH-DPAT (Pauwels et al.,
1993).

[*’S]-GTPyS binding responses with membrane
preparations of h 5-HT,, receptor transfected C6-glial
and HelLa cell lines

Agonist-stimulated [**S]-GTPyS binding was examined as
previously described (Pauwels et al., 1997). Briefly, C6-glial
and HeLa membranes (16 to 28 g and 38 to 90 ug of protein,
respectively) were preincubated for 30 min at 25°C in 20 mM
HEPES (pH 7.4) supplemented with the indicated concentra-
tions of GDP, 100 mM NaCl, 3 mM MgCl, and 0.2 mMm
ascorbic acid, in either the absence or presence of LY334370
or 8-OH-DPAT. [**S]-GTPyS (500 pM) was subsequently
added for 30 min. Maximal stimulation of [**S]-GTPyS
binding was defined in the presence of 10 uM 5-HT. E,..
values were expressed as a percentage of the maximal response
obtained with 10 um 5-HT. ECs, values were defined as the
concentration of compound at which 50% of its own maximal
stimulation was obtained. In antagonist experiments,
WAY 100635 was co-incubated with LY334370. pKjy values
were calculated as Kg=(B)/(A’/A)—1 where B is the
concentration of the antagonist, and A and A’ are the ECs,
values of agonist concentration measured in the absence and
presence of antagonist. Membrane protein levels were
estimated with the dye-binding assay by means of the Bio-
Rad kit (Bradford, 1976). Bovine serum albumin was used as a
standard.

Data analysis and statistics

Images were densitometrically analysed with a microcomputer-
based image analysis system (Imagena 2000 Biocom, Les Ulis,
France). Optical densities were transformed into levels of
bound radioactivity (fmol mg~! tissue equivalent) with grey-
values generated by coexposed *H, '®I and "“C polymer
standards. For tritiated and iodinated radioligands, specific
binding values were obtained by substracting non-specific
binding values from total binding values. For [**S]-GTPyS
binding, [**S]-GTPyS binding data were analysed with a '“C
Microscale, and corrected for the specific activity of [*°S]-
GTPyS at the calibration date and the decay factor of *S.
Antagonist data were expressed as a percentage of the maximal
response obtained with 10 uM LY334370. Quantified data
were obtained from 4 to 6 independent brains, and sections
were each time run in duplicate. Statistical analysis was
performed on the [**S]-GTPyS E,.. values expressed versus
that obtained with LY334370 from the right side of the
sections, by means of the non-parametric Friedman’s two way
ANOVA-test. Similar results were obtained with the left side
of the sections. For the [**S]-GTPyS binding responses on cell
lines, statistical analysis was performed on the E,., values of
LY334370 and 8-OH-DPAT expressed versus 10 um 5-HT, by
use of the non-parametric Mann-Whitney U test.

Materials

SuperFrost/Plus adhesive microscope slides were obtained
from O. Kindler Gmbh & Co (Freiburg, Germany).
Autoradiographic *H (0.1-16 nCi mg~'; 3—110 nCi mg~"),
15T (1.25-640 nCi mg~") and "“C (31-883 nCi g~') micro-
scales, and Kodak Biomax MR Film were obtained
from Amersham (Les Ulis, France). ['*I]-p-MPPI,
(2200 Ci mmol "), [*S]-GTPyS (1000 to 1103 Ci mmol '),
[*H]-sumatriptan (81 Ci mmol~") and [*H]-8-OH-DPAT (217
to 228 Ci mmol~") were obtained from Amersham (Les Ulis,
France). The HeLa/HA7 cell line was obtained from Tulco
(Duke University, Durham, NC, U.S.A.). C6-glial cells were
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obtained from ATCC (Rockville, U.S.A.). Cell culture, media,
foetal calf serum, culture plates were obtained from Gibco
Biocult Laboratories (Paisley, U.K.). The Emulsifier-Safe was
obtained from Packard (Warrenville, PA, U.S.A.). 5-HT was
from Sigma (St Louis, U.S.A.). Racemic 8-(hydroxy-2-(di-n-
propylamino)tetralin (8-OH-DPAT), 5-CT and ketanserin
were from RBI (Natick, U.S.A.). L694247 and methiothepin
were obtained from Tocris Cookson (Bristol, U.K.). Lisuride
was a gift from Schering (Berlin, Germany). (2'-Methyl-4'-(5-
methyl[1,2,4]oxadiazol-3-yl)biphenyl-4-carboxylic acid  [4-
methoxy-3-(4-methylpiperazin-1-yl)phenyllamide (GR127935),
1" - methyl - 5 - (2" - methyl -4’-(5-methyl-1,2,4-oxadiazol-3-yl)bi-
phenyl - 4 - carbonyl) -2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-
3,4'-piperidine] (SB224289), LY334370 and WAY 100635 were
synthesized at the Centre de Recherche Pierre Fabre.

Results

Comparison between the [*°S]-GTPyS binding response
induced by 1L.Y334370 and the distribution of 5-ht;r and
5-HT;, receptors in guinea-pig brain sections

In order to measure G-protein activation by the 5-ht,r agonist
LY334370 in guinea-pig brain, an initial series of autoradio-
graphic experiments was performed with [*H]-sumatriptan to
localize 5-ht,r binding sites in coronal brain sections displayed
in a rostro-caudal progression. [*H]-sumatriptan labels two
populations of 5-HT, binding sites; one of these displays
nanomolar affinity for 5-CT which appears similar to that of
the 5-HTpp radioligand ["*’I]-GTI (Waeber & Moskowitz,
1995). These binding sites were absent in the presence of 10 nM
5-CT while 5-ht,r binding sites, which have low affinity for 5-
CT (Adham et al., 1993), were still visualized. This labelling
was mainly present in the caudate/putamen (Figure 1, Al),
claustrum (Figure 1, A1 and A2), intermediate cortical layer
(Figure 1, Al to A3), dorsolateral geniculate nucleus, (Figure
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1, A2) and medial mammillary nucleus (Figure 1, A3). Figure 1
(B1 to BY) also shows the [**S]-GTPyS binding response to this
series of coronal brain sections. In comparison with the basal
condition (Figure 2, Bl to B3), application of LY334370
(10 um) resulted in an increase of [**S]-GTPyS binding in the
lateral septum, hippocampus, dorsal raphe, superficial grey
layer of superior colliculi, interpeduncular nucleus and
entorhinal cortex (Figure 2, B4 to B6). This distribution fits
with the G-protein activation being mediated by 5-HT;,
receptors, as shown with lisuride (10 uM, Figure 2, B7 to B9)
and with the labelling of 5-HT, 4 receptors by 140 pm ['*1]-p-
MPPI (Figure 2, C1 to C3). However, LY334370 caused little
or no stimulation of [*S]-GTPyS binding in brain regions
enriched in 5-ht;r binding sites (e.g., claustrum, caudate/
putamen and thalamic nuclei). Similar findings were obtained
with horizontal guinea-pig brain sections (Figure 2). On these
sections, 5-ht;r binding sites were localized in the claustrum,
caudate/putamen and intermediate cortical layer (Figure 2,
Al). [**S]-GTPyS binding obtained in the presence of either
LY334370 (10 um, Figure 2, B1) or lisuride (10 uM, Figure 2,
B2) was identified in brain regions (e.g. lateral septum,
hippocampus, dorsal raphe, cingulate and entorhinal cortex)
labelled with ['*’I]-p-MPPI (Figure 2, Cl). Quantitative
assessment of the [*>S]-GTPyS binding response shows that
the LY334370-induced response was larger in the hippocam-
pus (123+17%) than in the lateral septum (58 +14%), dorsal
raphe (57+10%), entorhinal (37+11%) and cingulate cortex
(28 +10%). The maximal response to LY334370 in each of
these brain regions was between 69 to 102% compared to that
produced by lisuride (10 um). Figure 3 illustrates the
LY334370-mediated [*S]-GTPyS binding response in the
presence of various 5-HT receptor antagonists. The silent 5-
HT,, receptor antagonist WAY100635 (1 uM) and the
nonselective 5-HT antagonist methiothepin (1 um) fully
antagonized the [**S]-GTPyS response to LY334370 in each
of the brain regions investigated. The 5-HT, inverse agonist
SB224289 (1 uMm), the 5-HT,pp antagonist GR127935 (1 um)
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Autoradiograms of coronal guinea-pig brain sections at three different levels of anterior position (see Methods) exposed

to 10 nM [*H]-sumatriptan (plus 10 nm 5-CT) either in the absence (A; to Asz) or presence of 10 uM 5-HT (A4 to Ag), 50 pM [*°S]-
GTPyS and 2 mMm GDP in either the absence (basal, B; to B;) or presence of 10 um LY334370 (B, to Bg) or lisuride (B to By), and
140 pM ['*°I]-p-MPPI (C; to Cs). [*H]-sumatriptan (plus 10 nM 5-CT) binding sites are observed in claustrum (A;, A,), caudate/
putamen (A), intermediate cortical layers (A, A,, Aj), dorsolateral geniculate nucleus (A,) and medial mammillary nucleus (Aj3).
LY334370 and lisuride-mediated [*°S]-GTPyS binding was present in lateral septum (B4, B;), hippocampus (Bs, Bg), superficial grey
layer of superior colliculi, interpeduncular nucleus, dorsal raphe and entorhinal cortex (Bg, Bo). ['2’1]-p-MPPI binding was localized
in lateral septum (C;), hippocampus (C,), superficial grey layer of superior colliculi, interpeduncular nucleus, dorsal raphe and
entorhinal cortex (Cs). Non-specific ['*’I]-p-MPPI binding (in the presence of 10 um 8-OH-DPAT) was extremely low and is not
shown. Cl, claustrum; Cpu, caudate/putamen; Intl, intermediate cortical layer; DLG, dorsolateral geniculate nucleus; MM, medial
mammillary nucleus; LS, lateral septum; Hippoc, hippocampus; SuG, superficial grey layer of superior colliculi; IPN,

interpeduncular nucleus; DR, dorsal raphe; Ent, entorhinal cortex.
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Figure 2 Comparison between labelling of horizontal guinea-pig brain sections by [*H]-sumatriptan (plus 10 nM 5-CT), ['**I]-p-
MPPI and [** S;-GTPyS in the presence of LY334370 and lisuride. Sections were exposed to radioligands as described in the legend
of Figure 1. [’H] sumatriptan binding sites in the presence of 10 nM 5-CT were observed in claustrum, caudate/putamen and
intermediate cortical layer (A;). Non-specific [*’H]-sumatriptan binding in the presence of 10 um 5-HT is shown in A,. LY334370
(B,) and lisuride (Bs) mediated [>°S]-GTPyS binding was observed in cingulate and entorhinal cortex, lateral septum, hippocampus
and dorsal raphe. B; corresponds to basal [>°S]-GTPyS binding. ['**I]-p-MPPI binding sites were present in the same brain
structures (C;) as found for [*>S]-GTPyS binding with LY334370 and lisuride. Non-specific [I'*°]-p-MPPI binding was extremely low

and is not shown. Cgcx, cingulate cortex. Other abbreviations are as indicated in the legend of Figure 1.

and the 5-HT,,/5-HT,p antagonist ketanserin (1 uM) did not
affect the LY334370-mediated response. Each of these
antagonists was without effect at 1 uM on basal [**S]-GTPyS
binding. Figure 4 shows the quantitative data for antagonism
of the LY334370-mediated [**S]-GTPyS binding response in
the hippocampus. Similar results were obtained in the dorsal
raphe and lateral septum (not shown).

LY334370-mediated [°S]-GTPyS binding responses in
membrane preparations containing recombinant human
5-HT,, receptors

Membrane preparations of C6-glial and HeLa cells stably
transfected with a h 5-HT,;o receptor were used to
investigate the LY334370-mediated [*S]-GTPyS binding
response. We previously observed that the maximal [*S]-
GTPyS binding response of partial 5-HT,, receptor
agonists in C6-glial cells was attenuated by increasing the
GDP concentration (Pauwels et al., 1997). Consequently,
[**S]-GTPyS binding responses for LY334370 were per-
formed at either 0.3 and/or 30 um GDP. Figure 5 compares
the concentration binding curves for stimulation of [*S]-
GTPyS binding for LY334370 and 8-OH-DPAT. The
corresponding E,.. and pECs, values are summarized in
Table 1, and compared with their pK; values for the h
5-HT,A receptor. The potencies and maximal effects were
similar for both ligands in HeLa and C6-glial membranes
at 30 and 0.3 um GDP, respectively. Otherwise, the
maximal effect of 8-OH-DPAT in C6-glial membranes was
attenuated from 90 to 41% (P<0.01) by increasing the

GDP concentration from 0.3 to 30 puMm, respectively. In
contrast, the maximal effect of LY334370 was slightly
increased (+11%, P<0.05) at 30 um GDP. WAY100635
(10 nM) competitively antagonized the LY334370-mediated
[**S]-GTPyS binding response (Figure 5¢); this was observed
with a pKg value of between 9.49 (Cé6-glial, 0.3 uMm GDP)
and 10.18 (HeLa, 30 um GDP).

Discussion

The data provide evidence that the 5-ht;r ligand LY334370
causes activation of G-proteins via 5-HT 4, receptors. This was
at first investigated in guinea-pig brain sections by agonist-
stimulated [*S]-GTPyS binding. In contrast to structures
enriched in 5-ht, binding sites in the guinea-pig brain (e.g.,
claustrum, caudate/putamen and thalamic nuclei), G-protein
activation by LY334370 was observed in brain regions
containing 5-HT,, receptors (i.e., hippocampus, lateral
septum, dorsal raphe, superficial grey layer of superior
colliculi, interpeduncular nucleus, entorhinal and cingulate
cortex). The intrinsic activity of LY334370 was further
determined at the h 5-HT,4 receptor in recombinant C6-glial
and HelLa cell lines. Whereas LY334370 was slightly less
potent than 8-OH-DPAT at h 5-HT,, receptors, its maximal
effect was similar to or greater than that obtained with 8-OH-
DPAT. Below we will discuss the following three points: the
apparent lack of activation of G-proteins in guinea-pig brain
sections upon stimulation of 5-ht;g binding sites, activation of
G-proteins by LY334370 via 5-HT;, receptors, and the
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Figure 3 Blockade of LY334370-mediated [*°S]-GTPyS binding
response to horizontal guinea-pig brain sections by WAY100635,
SB224289, methiothepin, GR127935 and ketanserin. Sections were
incubated with 50 pM [**S]-GTP;S, 2 mm GDP in either the absence
(basal condition, A;) or presence of 10 um LY334370 without
addition (A), or plus 1 uMm WAY100635 (Asz), SB224289 (Ay),
methiothepin (As), GR127935 (A¢) or ketanserin (A-).

intrinsic activity of LY334370 at 5-HT,, receptors compared
to that of 5-HT;, receptor agonists.

Apparent lack of activation of G-proteins in guinea-pig
brain upon stimulation of 5-ht;r binding sites with
LY334370

LY334370 was used in this study as an agonist of 5-ht;r
binding sites (Lucaites et al., 1996; Overshiner et al., 1996;
Wainscott et al., 1996). The autoradiographic guinea-pig data
show that the LY334370-mediated [**S]-GTPyS binding
response did not correspond to the distribution of 5-htg
binding sites labelled by [*H]-sumatriptan in the presence of
10 nM 5-CT. 5-ht, binding sites are enriched in claustrum,
caudate/putamen and thalamic nuclei in accordance with the
distribution pattern of these binding sites in guinea-pig, as
measured with [*H]-5-HT plus 100 nM 5-CT and 300 nm
mesulergine (Beer et al., 1993; Stanton et al., 1996) or with
[’H] sumatriptan plus 10 nM 5-CT (Waeber & Moskowitz,
1995; Mengod et al., 1996) and [*’H]-LY 334370 (Lucaites et al.,
1996). Whereas the distribution of 5-ht,¢ binding sites in brain
is species dependent (Beer et al., 1993), these sites are highly
enriched in the claustrum of guinea-pig (67 fmol mg~" tissue
equivalent, Stanton et al., 1996). This is comparable with the
density of 5-HT)4 receptors in lateral septum (40 fmol mg™"

Figure 4 Quantitative assessment of blockade of LY334370-
mediated [*S]-GTPyS binding to hippocampus by WAY100635,
SB224289, methiothepin, GR127935, and ketanserin. Horizontal
guinea-pig brain sections were incubated with 50 pm [*°S]-GTP;S,
2 mM GDP and 10 um LY334370 in either the absence or presence of
1 pm WAY 100635, SB224289, methiothepin, GR127935, or ketanser-
in. Quantification of autoradiograms was performed as described in
Methods. Stimulation of [**S]-GTPyS binding is expressed as a
percentage of the stimulation obtained with 10 um LY334370.
Columns represent mean values+s.e.mean from 4 independent
experiments, each one performed in duplicate. “P<0.05 vs 10 uM
LY334370 (non-parametric Friedman’s two way ANOVA-test).

tissue equivalent, Sijbesma et al., 1991), a region sensitive to G-
protein activation by 5-HT,, receptor agonists (Dupuis et al.,
1998). Therefore, the observed 5-ht,r receptor binding density
is probably not related to the apparent lack of G-protein
activation by LY334370. The discrepancy between 5-htg
receptor binding and receptor-mediated G-protein activation
suggests a low catalytic amplification factor for 5-ht;g binding
sites. Sim er al. (1996) suggested that different G-protein
coupled receptors may have different intrinsic abilities to
catalytically activate G-proteins. G-protein activation
mediated by 5-HT,4 receptors can apparently be monitored
in rat hippocampus (167%, Scott & Bruinvels, 1997; Stanton et
al., 1997) and in guinea-pig hippocampus (200%, Waeber &
Moskowitz 1996; 140%, Dupuis et al., 1998). Otherwise, this is
less evident for 5-HT,p p receptors; 30 to 109% stimulation of
[**S]-GTPyS binding with 5-HT, agonists has been observed
in rat and guinea-pig substantia nigra, although antagonism of
this effect was either absent or not investigated (Waeber &
Moskowitz 1996; Scott & Bruinvels 1997; Stanton et al., 1997).
Different receptors may couple to different types of G-protein
subunits and their relative affinities for GDP and GTP)S may
vary; as a result the efficacy of receptor G-protein activation in
[**S]-GTPyS binding responses may also vary (Sim et al., 1996).

Activation of G-proteins by LY334370 via 5-HT;,
receptors in guinea-pig brain

Stimulation of [**S]-GTPyS binding with LY334370 was
measured in guinea-pig brain regions containing 5-HT4
receptors, such as hippocampus, lateral septum, dorsal raphe,
entorhinal and cingulate cortex. This distribution pattern
corresponds with the autoradiographic labelling of 5-HT,4
binding sites by ['**1]-p-MPPI (Kung et al., 1995; Dupuis et al.,
1998), [*H]-8-OH-DPAT (Vergé et al., 1986), ['*1]-BH-8-MeO-
NPAT (Gozlan et al., 1988) and [*H]-5-methyl-urapidil
(Laporte et al., 1991). The LY334370-mediated [**S]-GTPyS
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Figure 5 Concentration binding curves of LY334370 and 8-OH-
DPAT for stimulation of [**S]-GTPyS binding to Cé-glial and HeLa
membranes with h 5-HT, 5 receptors. Binding was performed in the
presence of either 0.3 and/or 30 um GDP as described in Methods.
Stimulation of [**S]-GTPyS binding is expressed as a percentage of
the stimulation obtained with 10 um 5-HT at the corresponding GDP
concentration. Each point represents the mean of 3 to 6 independent
experiments, each one performed in triplicate and vertical lines
indicate s.e.mean. Mean E, ., and pECs, are summarized in Table 1.
(a) LY334370, (b) 8-OH-DPAT, (c) LY334370 in either the absence
or presence of WAY 100635 (10 nm).

response also fits with that of activation of 5-HT,, receptors
by lisuride (this study), L694247, 8-OH-DPAT and flesinoxan
(Dupuis et al., 1998). Moreover, the antagonism of the
LY334370-mediated [**S]-GTPyS binding responses by the
selective, silent 5-HT,, antagonist WAY 100635 is further
evidence that this response is mediated by 5-HT, s receptors. In
contrast, the 5-HT5p antagonist GR127935, the selective 5-
HT,p inverse agonist SB224289 and the 5-HT,4,p antagonist
ketanserin were without effect. Hence, the distribution pattern
of the [**S]-GTPyS binding response and the antagonist profile
suggest that the LY334370-induced response in guinea-pig
brain is mediated by 5-HT,, receptors.

Intrinsic activity of LY334370 at 5-HT, 4 receptors
compared to 5-HT;, receptor agonists

The maximal [**S]-GTPyS binding responses to LY334370
observed here were similar to those obtained with lisuride
(this study) and L694247 (Dupuis et al., 1998). This
suggests that under the present experimental conditions
LY334370 is an efficacious 5-HT;, agonist in native guinea-
pig brain tissue. This was further confirmed at h 5-HT,4
receptors in recombinant cell lines. Overshiner et al. (1996)
observed a low potency (pECs,: 5.81) but large response to
0.98 for LY334370 (relative to 5-HT=1.00) by measuring
inhibition of forskolin-stimulated adenosine 3":5'-cyclic
monophosphate (cyclicAMP) production. LY334370 was
more potent in our [**S]-GTPyS binding response, its pECs,
(i.e., 7.15 to 7.24) being only 4 times lower than its pK;
value for h 5-HT;, receptors (this study, Overshiner er al.,
1996). The potency of LY334370 was also close to that of
8-OH-DPAT (pECsy: 7.98). The respective maximal [**S]-
GTPyS responses to LY334370 (En.c 83 to 94%) were
similar to those to 1694247 (E.... 84 to 98%, Pauwels et
al., 1997), and represent high efficacy at h 5-HTs
receptors. Whereas the maximal response to either of these
latter ligands was not attenuated by increasing the GDP
concentration, this was clearly the case for the partial
agonists 8-OH-DPAT and its enantiomers, flesinoxan,
buspirone, spiroxatrine and ipsapirone (Pauwels et al.,
1997). Therefore, LY334370 is efficacious at h S5SHT;,
receptors and its maximal effect is apparently not
attenuated by GDP.

In conclusion, G-protein activation by 5-HT;, and not 5-
ht, ;- receptors has been measured with LY334370 in guinea-pig
brain sections and recombinant cell lines. LY334370 in fact
appears to possess higher efficacy than 8-OH-DPAT at the 5-
HT,, receptor. Nevertheless, it remains unclear why
LY334370 is apparently devoid of agonist or antagonist
activity at 5-HT,, receptors in in vivo experimental conditions
(Overshiner et al., 1996).

Table 1 E,.x and pECs, values of LY334370 and 8-OH-DPAT for stimulation of [355]—GTPyS binding to membrane preparations of
Co6-glial and HeLa cell lines expressing recombinant h5-HT, 5 receptors and their pK; values for h5-HT; 4 receptors

[’S]-GTPyS binding response

Cell type HeLalh 5-HT,; 4
GDP (uMm) 30

Emax (%) PEC50 Emax (0/0)
LY334370 89+2 7.15 (0.17) 83+2
8-OH-DPAT 84+3 7.98 (0.19) 90+2

Cé6-gliallh 5-HT ;4
0.3

[’H]-8-OH-DPAT

C6—gllal/h 5-HT]A
30 binding HeLalh 5-HT 4

pEC50 Ema,\‘ (%) pECS(? pKI
7.24 (0.47) 94+4° 6.12 (0.24) 7.79 (0.05)
8.01 (0.18) 41+3° 7.41 (0.21) 8.88 (0.16)

Binding was performed with 500 pM [*>S]-GTPyS to membrane preparations of stably transfected C6-glial and HeLa cell lines as
described in Methods. Mean E,, values+s.e.mean of 4 to 6 independent experiments are expressed versus the stimulation obtained
with 10 uM 5-HT. pECs, values (presented as mean with 95% CL in parentheses) are defined as the concentration at which 50% of the
maximal stimulation was obtained for each ligand. pK; values were obtained with the HeLa membrane preparation. Statistical analysis
was performed on the E,, values with the non-parametric Mann-Whitney U test. *P<0.05 vs LY334370 (C6-glial/h 5-HT;A 0.3 um
GDP), ’P<0.01 vs 8-OH-DPAT (C6-glial/h 5-HT, A, 0.3 um GDP).
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Abbreviations 5-CT, S5-carboxamidotryptamine; GR127935, (2'-
methyl-4'-(5-methyl[1,2,4]oxadiazol-3-yl)biphenyl-4-carboxylic acid
[4-methoxy-3-(4-methylpiperazin-1-yl)phenyl]lamide; ['*1]-GTI, 5-
hydroxytryptamine - O - carboxyl -methyl-glycyl-[' >*T]-tyrosinamide;
5-HT, 5-hydroxytryptamine; L694247, 2-[5-[3-(4-methylsulphonyla-
mino)benzyl-1,2,4 - oxadiazol-5-yl]- 1H -indol - 3 - ylJethanamine;
LY334370, 5-(4-fluorobenzoyl)amino - 3-(1-methylpiperidin-4-yl)-
1H-indole fumarate; 8-OH-DPAT, 8- (hydroxy-2-(di-n-propy-
lamino)tetralin; [1251]—p—MPPI, ['%1]-4-(2- methoxy-phenyl)-1-[2'-
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