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Abstract

G-protein activation mediated by 5-HT g receptors was studied in human brain by [**S]JGTPyS autoradiographic methods. 5-HT
(10 pM) increased [*>SJGTPyS binding in caudate-putamen nucleus, globus pallidus, dentate gyrus, CA,, entorhinal cortex and
substantia nigra. In basal ganglia and midbrain, this effect was blocked by GR 127935 (5-HT g/ antagonist). In contrast, WAY
100635 (selective 5-HT;a antagonist) reversed the effect of 5-HT in hippocampus and entorhinal cortex. Therefore, a detailed
pharmacological study was carried out in basal ganglia and substantia nigra using 5-HT and the 5-HT,g;;p agonists GTI and CP
93129. In these areas, these agonists stimulated [*>S]JGTPyS binding in a concentration-dependent manner, with no significant
differences in the potency for a given structure. Furthermore, GTI was more potent in the putamen than in globus pallidus. In
caudate—putamen, the three agonists showed the same efficacy, while in globus pallidus and substantia nigra the efficacy of 5-HT was
higher than GTI and CP 93129. The selective 5-HT, antagonist SB-224289 inhibited GTI- and CP 93129-stimulated [*>S]JGTPyS
binding in basal ganglia and substantia nigra, while coincubation with BRL 15572 (selective 5-HT;p antagonist) did not result in
any significant change. Here we report the anatomical pattern of distribution of 5-HT;g-dependent functionality by using specific
pharmacological tools in human brain sections.
© 2004 Elsevier Ltd. All rights reserved.
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anatomical distribution (Waeber and Moskowitz,
1995a; Castro et al., 1997; Domenech et al., 1997;

1. Introduction

In the human central nervous system, serotonin
(5-hydroxytryptamine; 5-HT) exerts diverse physiolog-
ical responses through multiple receptor subtypes
(Barnes and Sharp, 1999; Hoyer et al., 2002). The 5-
HT, receptors group has been subdivided into 5-HTx,
5-HT;p, 5-HTp, 5-ht;g and 5-ht;g. Within this group,
5-HT;p and 5-HT;p show a similar pharmacology and
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Bonaventure et al., 1998a) despite their moderate (63%)
aminoacid sequence homology (Hoyer et al., 2002).
5-HTp)1p receptors play a role in the regulation of the
release of 5-HT and other neurotransmitters (Pauwels,
1997) and are involved in several pathological process,
particularly in migraine (Buzzi and Moskowitz, 1991;
Moskowitz, 1992), depression (Huang et al., 2003), and
degenerative movement disorders (Castro et al., 1998).
Therefore, these receptors are interesting pharmacolog-
ical targets for potential psychotherapeutic drugs
(Barnes and Sharp, 1999). Autoradiographic and in situ
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hybridisation studies have shown that both 5-HT;p and
5-HTp receptors are present in basal ganglia and
midbrain, among other regions, with a clear predomi-
nance of 5-HT;y sites (Bruinvels et al., 1993; Waeber
and Moskowitz, 1995b; Bonaventure et al., 1998b). The
5-HT;p receptor subtype belongs to the superfamily of
inhibitory G protein-coupled receptors (Hoyer et al.,
2002) and its activation mediates the inhibition of
adenylyl cyclase and the elevation of intracellular
calcium levels (Bouhelal et al., 1988).

During the last decade, methods have been developed
to examine the function of G protein-coupled receptors
by measuring agonist-stimulated [*>’SJGTPyS binding
(Sim et al., 1995). Thus, for a given receptor, we can
obtain a measure of G-protein activation, which is the
first step in the transduction signalling converting the
receptor activation into an intracellular response. In this
regard, the applicability of this technique to measure the
functional activation of G-proteins by stimulation of 5-
HT;p receptors has previously been reported in different
assays using striatal rat membranes (Mize and Alper,
1999) as well as cells transfected with the h5-HT,p
receptor (Selkirk et al., 1998; Millan et al., 1999).
Regarding the anatomical distribution of this functional
response in the central nervous system, few autoradio-
graphic studies have been carried out in rat and guinea-
pig tissue, some of them restricted to the substantia
nigra (Waeber and Moskowitz, 1997; Millan et al., 1999;
Dupuis et al., 1999), and frequently reporting stimula-
tion induced by 5-HT,g;;p agonists in areas known to
contain 5-HT o receptors (Waeber and Moskowitz,
1997). Thus, the degree of pharmacological character-
isation of 5-HT,p receptor-stimulated [*S]GTPyS
binding throughout the brain is not complete. In
addition, available rat brain data cannot be directly
extrapolated to human brain due to strong species
differences, mainly due to mutations in aminoacid
sequence (Oksenberg et al., 1992). These differences
are especially relevant regarding the affinity of beta

Table 1
Sources of human brain tissue included in this study

blockers as well as of several agonists (i.e. CP 93129)
(see Hoyer and Martin, 1997) between r5-HT;g and
h5-HT;g receptors. Finally, no membrane homoge-
nates binding or autoradiographic studies have been
performed in human brain about 5-HT;g receptor-
mediated [>°SJGTPyS binding. Therefore, it is deemed
to be of interest to ascertain whether 5-HT;g receptor-
mediated G-protein stimulation can be properly de-
tected by autoradiographic techniques in human brain
sections, as well as to analyse the regional distribution of
their response.

The aim of the present study was to discriminate and
characterise, with anatomical resolution, the level of
activation of G-proteins mediated by 5-HT,p receptors
in human brain sections using both selective and non-
selective 5-HT,p agonists by [*>SJGTPyS binding
methods.

2. Materials and methods
2.1. Postmortem human tissue

Human brain samples (Table 1) were obtained from
12 subjects (6 males/6 females) who died by several
causes (neoplasia n = 7; heart failure n = 3; septicaemia
n = 1; shock n = 1), with an average age of 61.2 + 2.5
years (mean * s.e.m.), average postmortem delay of
10.6 + 1.3 h, and an average freezing storage period of
145.2 + 25.4 days, without any record of psychiatric or
neurological disorder. The brains were removed at
autopsy at the Service of Pathology, University Hospital
“Marqués de Valdecilla” (Santander, Spain), the tissue
collection being approved by the Ethical Committee of
the Hospital.

Blocks containing entorhinal cortex, hippocampus,
caudate, putamen, globus pallidus and substantia nigra
were promptly dissected and immediately stored at
—70 °C until assay. Consecutive sections (20 um thick)

Sample Age (years) Sex Postmortem delay (h) Freezing storage Death cause
period (days)

#1 50 Female 9 110 Breast neoplasia

#2 62 Male 20 108 Lung neoplasia

#3 68 Male 8 95 Stroke

#4 58 Male 14 89 Cardiac arrest

#5 76 Female 6 54 Shock

#6 61 Female 11 47 Gastric neoplasia

#7 73 Female 15 286 Lung neoplasia

#8 65 Female 8 251 Breast neoplasia

#9 58 Male 7 224 Lung neoplasia

#10 48 Male 14 203 Aortic aneurism

#11 58 Female 8 214 Septicaemia

#12 57 Male 7 65 Multiple myeloma
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from every tissue block were cut at —25°C using
a microtome-cryostat, mounted on gelatine-coated
slides and stored at —25°C for no longer than two
weeks after sectioning.

2.2. Materials

Guanylyl 5’-[gamma-[*’S]thio]-triphosphate ([**S]-
GTPyS; 1250 Ci/mmol) was purchased from DuPont
NEN (Brussels, Belgium). 5-Hydroxytryptamine creati-
nine sulphate (5-HT), pL-dithiothreitol (DTT), GDP,
guanosine-5'-0-(3-thiotriphosphate) (GTPyS), adeno-
sine deaminase and N-[2-[4-(2-methoxyphenyl)-1-piper-
azinyllethyl]- N-2-pyridinyl-cyclohexane-carboxamide-
maleate (WAY 100635) were obtained from Sigma.
1,4-Dihydro-3-(1,2,3,6-tetrahydro-4-pyridinyl)-SH-pyr-
rolo[3,2-b]pyridin-5-one dihydrochloride (CP 93129)
and  3-[4-(4-chlorophenyl)piperazin-1-yl]l,I-diphenyl-2-
propanol hydrochloride (BRL 15572) were purchased
from Tocris. 1'-Methyl-5-[[2’-methyl-4-(5-methyl-1,2,4-
oxadiazol-3-yl)biphenyl-4-yl]jcarbonyl]-2,3,6,7-tetra-
hydropiro  [furo[2,3-flindole-3,4’ -piperidine] oxalate
(SB-224289) was kindly donated by SmithKline Beecham
Pharmaceuticals (Harlow, U.K.). Serotonin-5-O-carbox-
ymethyl-glycil-tyrosamine (GTI) and N-[methoxy-3-
(4-methyl-1-piperazinyl)phenyl]-(2'-methyl-4’-(5-methyl-
1,2,4-oxadiazol-3-yl)[1,1-biphenyl]-4-carboxamide) (GR
127935) were kindly donated by Dr. J.M. Palacios
(Almirall Prodesfarma, S.A., Spain).

2.3. [’S]GTPYS receptor autoradiography

Labelling of brain sections with [*>SJGTPyS was
carried out as described previously (Sim et al., 1995;
Rodriguez-Puertas et al., 2000), with some modifica-
tions. Independently of the final purpose of the assay,
slide-mounted sections were preincubated for 30 min at
room temperature in buffer containing 50 mM Tris—
HCI, 0.2mM EGTA, 3mM MgCl,, 100 mM NaCl,
I mM DTT and 2 mM GDP at pH 7.5.

2.3.1. [*’S]GTPyS autoradiographic discrimination
of 5-HT; receptors-enriched human brain areas

In order to differentiate between 5-HT;, and
5-HT g 1p receptors-enriched encephalic areas using
[*S]JGTPYS receptor autoradiography, tissues were
incubated at 25 °C for 2 h in buffer containing adenosine
deaminase (3 mU/ml), [*>SJGTPyS (0.04 nM) and 10 uM
of 5-HT alone or in the presence of 10 uM of WAY
100635 or GR 127935. The concentration of antagonists
is that usually assayed in [*>S]JGTPyS autoradiographic
methods in order to assess the pharmacological nature
of the G-protein stimulation (Millan et al., 1999;
Rodriguez-Puertas et al., 2000).

2.3.2. [P’ S]GTPYS autoradiographic
concentration—response assays in 5-HT gp
receptors-enriched human brain areas

Slides containing consecutive sections from caudate
nucleus, putamen nucleus, globus pallidus and substan-
tia nigra were incubated at 25 °C for 2h in buffer
containing adenosine deaminase (3 mU/ml), [*>S]GTPyS
(0.04 nM) and increasing (I nM-0.1 mM) concentra-
tions of the different agonists used (5-HT, GTI or
CP 93129).

2.3.3. [?’S]GTPYS autoradiographic
characterisation of 5-HT;g-mediated
response in human brain areas

Sections containing caudate nucleus, putamen nucleus,
globus pallidus and substantia nigra were incubated at
25 °C for 2 h in buffer containing adenosine deaminase
(3 mU/ml), [*>SJIGTPyS (0.04 nM) and 10 pM of the
agonists GTI or CP 93129, alone or in the presence of
10 uM of the antagonists SB-224289 or BRL 15572. In
a complementary experiment, tissues were incubated in
the presence of 10 uM of SB-224289 or BRL 15572, to
test the effect of these antagonists per se.

In all the assays carried out, non-specific [*>SJGTPyS
binding was determined in the presence of 10 uM
GTPyS, and represented less than 10% of the basal
binding. After the incubation, the sections were washed
twice for 15 min in cold 50 mM Tris—HCI buffer (pH
7.4), briefly dipped in deionised water at 4 °C and then
dried under a cold air stream. Finally, sections were
exposed to autoradiographic film (Biomax MR, Kodak)
together with '*C microscales (Amersham) at 4 °C for 2
days.

3. Data analysis

Autoradiograms generated were analysed and quan-
tified using a computerised image analysis system (Scion
Image, Scion Corporation, Maryland, USA). Optical
densities were transformed into nCi/g tissue equivalent
based on the microscales radioactivity provided by the
supplier. The data are presented as percent stimulation,
calculated as: (agonist values — basal values)100/basal
values, corresponding 100% value to basal stimulation.

Individual dose-response curves were obtained by
non-linear regression analysis. The theoretical maximal
effect (E.x) and the potency (pECsg) for the agonist-
stimulated [>°S]GTPyS binding, were calculated using
the program GraphPad Prism (GraphPad Software, Inc.
California, USA). Statistical comparison between ex-
perimental conditions was made using unpaired Student
t-test (to evaluate the effect of each antagonist
on stimulation of [*S]JGTPyS binding by the
agonists), paired Student z-test (to evaluate the effect
of the antagonists alone) or ANOVA following
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Student—Newman—Keuls test (to compare the E,,, and
pECs, parameters obtained from dose-response curves)
using GraphPad Instat (GraphPad Software, Inc.
California, USA). The significance level was set at
p < 0.05.

4. Results

The effects of 5-HT on G protein-coupled receptors in
several human brain areas were first analysed. The
highest levels of stimulation of [*>SJGTPyS induced by
10 uM 5-HT were found in the outer layers of the
entorhinal cortex (Table 2 and Fig. 1). High stimulation
values were also detected in CA field of hippocampus,
globus pallidus and substantia nigra. In caudate and
putamen nuclei, globus pallidus and substantia nigra,
5-HT-stimulated [*>S]JGTPyS binding was significantly
inhibited by 10 LI,M GR 127935 (S'HTIB/ID antagonist),
while 10 uM WAY 100635 (selective 5-HT; o antagonist)
did not block this effect. On the other hand, in dentate
gyrus, CA; field of hippocampus and entorhinal cortex,
the stimulation of [*>S]JGTPyS binding induced by 10 uM
5-HT was not affected by GR 127935 but completely
abolished in the presence of 10 uM WAY 100635.

According to these results, basal ganglia and sub-
stantia nigra, which showed a 5-HT,p,p receptor
pharmacological profile, were selected for a detailed
autoradiographic characterisation of [*>SJGTPyS bind-
ing response with more selective 5-HT g, p ligands.

As shown in Table 3 and Fig. 2, the stimulation of
[**SIGTPyS binding by the serotonergic agonists used
(5-HT, GTI and CP 93129) varied among all the areas

Table 2

analysed. No statistically significant differences were
found when the maximal stimulations (E..,) of the
agonists were compared either in caudate or in putamen
nuclei. In globus pallidus, CP 93129, the most selective
5-HT,p agonist used to stimulate [*>SJGTPyS binding,
showed a significant lower E,, value when compared
to 5-HT. The maximal efficacy of 5-HT in the substantia
nigra was significantly higher than those found for GTI
and CP 93129. For each particular brain area examined,
no significant differences were found when comparing
the potencies of the different agonists to stimulate
[**SIGTPYS binding. Furthermore, no regional signifi-
cant differences were found in potency for 5-HT and CP
93129 to stimulate [*>SJGTPyS binding. However, the
potency of GTI was slightly lower in globus pallidus and
substantia nigra than in putamen nucleus (Table 3).

In order to discriminate 5-HT;g- and 5-HTp
components of [*>SJGTPyS binding stimulation induced
by the three serotonergic agonists, single concentrations
(10 uM) of GTI and CP 93129 were used alone or in the
presence of 10 uM of SB-224289 and BRL 15572,
selective 5-HT g or 5-HT;p antagonists, respectively.
In this sense, SB-224289 inhibited significantly
[**S]GTPyS binding stimulated by GTI and CP 93129
in all the brain areas studied. On the other hand, the
selective 5-HT;p antagonist BRL 15572 had no signif-
icant effect on GTI- or CP 93129-stimulated [*>S]GTPyS
binding (Table 4 and Figs. 3 and 4).

The effect of these two selective 5-HT g and 5-HTp
antagonists (SB-224289 and BRL 15572) on the basal
levels of [>>S]GTPyS binding was also tested. SB-224289
and BRL 15572 per se did not modify the basal
[**SIGTPyS binding (Fig. 5).

Effect of 10 uM serotonin, alone or in presence of GR 127935 or WAY 100635, on [**S]JGTPyS binding in human brain sections

Brain area 5-HT 5-HT + GR 127935% 5-HT + WAY 100635°
Striatum
Caudate 204.4 £ 19.2 (10) 110.2 4 13.9%* (9) 206.3 £ 37.5 (6)

Putamen
Globus pallidus

Hippocampus
Dentate gyrus
CA]

Entorhinal cortex
Outer layers

Intermediate layers

Inner layers

Substantia nigra

192.7 + 22.4 (10)
450.8 + 60.8 (8)

182.5 + 20.2 (5)
415.8 + 29.5 (5)

468.8 + 67.5 (5)
197.8 + 32.2 (5)
201.7 £ 20.2 (5)

4227+ 704 (8)

97.0 + 10.6** (9)
121.4 + 15.0%* (7)

187.1 + 16.6 (6)
533.9 + 137.3 (4)

152.0 + 12.5 (5)
362.6 + 32.2 (5)

62.5 + 10.8%* (5)
70.9 + 8.1%* (5)

433.9 + 60.9 (5)
157.3 £ 29.3 (5)
168.1 + 27.6 (5)

149.7 + 20.2%* (7)

99.7 + 15.9%* (5)
99.3 + 12.6* (5)
101.8 + 10.8** (5)

487.5 + 110.8 (5)

The results are expressed as mean + s.e.m. of the percentage of specific [**SJGTPyS binding with respect to basal value (100%). Statistical
comparison between the effect of each antagonist vs. agonist-stimulation alone was made using unpaired Student ¢-test. *p < 0.05 and **p < 0.01 vs.
5-HT stimulated specific [*>SJGTPyS binding. Numbers in brackets indicate number of samples analysed (n).

410 uM.
® 10 uM.
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Fig. 1. Representative autoradiograms of 10 pM 5-HT-stimulated
[**SIGTPyS binding in basal ganglia (left), midbrain (centre) and
hippocampus (right) levels of the human brain. (A, B, C) Basal
binding; (D, E, F) 10 uM 5-HT; (G, H, I) 10 uM 5-HT + 10 uM GR
127935; (J, K, L) 10 uM 5-HT + 10 pM WAY 100635. CA,, CA,
hippocampal field; Cd, caudate nucleus; DG, dentate gyrus; Ecx,
entorhinal cortex; GP, globus pallidus; Pu, putamen nucleus; SN,
substantia nigra. Scale bar = 5 mm.

5. Discussion

G-protein activation mediated by 5-HT;g receptors
in the human brain was studied assessing agonist-
stimulation of [>>SJGTPyS binding in tissue sections. We
here demonstrate that the stimulation of [*S]GTPyS
binding induced by 5-HT, GTI and CP 93129 in caudate
and putamen nuclei, globus pallidus and substantia
nigra in the human brain, is mainly mediated through

the activation of the 5-HT;g receptor subtype and
that this response follows a concentration-dependent
pattern.

Our results provide novel and interesting information
regarding the activation of G-proteins linked to 5-HT ;g
receptors. First, we have carried out a complete
autoradiographic localisation and characterisation of
this process in human brain tissue sections. Second, we
provide a detailed pharmacological information about
5-HT,p-induced [*>SJGTPYS labelling, through the use
of selective agonists such as CP 93129 (5-HT; agonist)
and GTI (S-HT”;/]D agonist).

In a preliminary phase of the study, [*’S]JGTPyS
assays carried out in several 5-HT, receptors-enriched
brain structures (Pazos et al., 1987; Barnes and Sharp,
1999) showed high levels of 5-HT-induced stimulation.
In dentate gyrus, CA; field of hippocampus and
entorhinal cortex, this response was abolished by the
selective 5-HT;, antagonist WAY 100635 and little or
no effect was detected after incubation with the
5-HTp1p antagonist GR 127935. In contrast, in basal
ganglia (caudate and putamen, globus pallidus) and
substantia nigra the response observed was the opposite;
no effect was detected with WAY 100635, but GR
127935 inhibited significantly 5-HT  stimulated
[**SIGTPYS binding. These results correlate well with
the reported presence of 5-HT; receptor subtypes in
these brain areas, as high densities of the 5-HTa
subtype are present in hippocampus and cerebral cortex
(Pazos et al., 1987), while basal ganglia and substantia
nigra have been reported to be enriched in 5-HT;p/1p
receptors (Bruinvels et al.,, 1994). This correlation
between receptor distribution described in previous
studies and functional autoradiography results obtained
in the present work, further support the interest of the
methodological approach we carried out. The demon-
stration of a specific 5-HT;g-dependent stimulation of
G-proteins in caudate, putamen, globus pallidus and
substantia nigra reinforce the proposed role of these
receptors in the regulation of motor activity.

When comparing the concentration—response curves
obtained in 5-HT,p,p receptors-enriched areas for the
three agonists, the highest stimuli obtained were
detected when the non-selective agonist 5-HT was used.
No significant differences were observed for the three
agonists assayed in caudate and putamen nuclei.
However, the maximal efficacy of 5-HT was significantly
higher than the one shown by CP 93129 in globus
pallidus and than those of the other agonists in the
substantia nigra. Several explanations could account for
these differences. The different intrinsic activity of the
agonists used could be the most obvious explanation to
this fact. In addition, the fact that CP 93129 stimulates
only 5-HT,p sites could also explain these differential
patterns in terms of efficacy. In a similar way, existence
in these brain areas of another serotonergic receptor
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Table 3
Effect of 5-HT agonists on [>>S]JGTPyS binding in human brain sections
Brain area 5-HT GTI CP 93129
Em'dx pECSO n Emux pECSO n Emux pECSO n

Striatum

Caudate 210.6 £ 26.8 6.5+ 0.3 6 199.3 + 28.7 6.7+ 0.3 6 150.8 + 8.0 6.6 +0.3 6

Putamen 180.4 + 24.7 6.6 +0.3 5 1599 +11.2 72403 5 171.8 £ 7.9 6.3+0.5 4
Globus pallidus 543.4 + 1294 6.2+ 0.2 4 353.0 £ 74.5 59+02 5 194.1 £ 27.4* 6.31+03 5
Substantia nigra 472.1 £ 111.9 6.7+0.3 5 2479 £+ 44.2% 6.1 £0.2 6 172.7 £ 13.6* 6.2+0.3 5

Values are expressed as mean + s.e.m. of individual concentration—response curves. Epqy values are given as percentage of [*>SJGTPyS binding with
respect to basal value (100%). pECsy = —log ECs. Statistical comparison between experimental conditions was made using ANOVA following
Student-Newman—Keuls. *p < 0.05 vs. 5-HT stimulated [?*S]GTPyS binding.

subtypes with high affinity for 5-HT, such as 5-ht;f site
(Castro et al., 1997) should be taken into account.
Finally, regional differences in both, distribution and
degree of activity of the different subtypes of G-proteins
(Young et al., 1993), as well as possible mechanisms of
agonist-directed trafficking of receptor signalling, could
also be responsible for these findings.

Regarding potency values, our results are in good
agreement with those reported for 5-HT and CP 93129
in rat striatal membranes (Mize and Alper, 1999).
Furthermore, no regional differences in affinity were
found for these agonists. With respect to GTI, ECs
values in globus pallidus and substantia nigra were
found to be lower than those measured in putamen
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nucleus. At the present time, we have no clear
explanation for this fact. Although the presence of
5-HT,p receptors in these areas could be involved in this
response, a regional-dependent coupling to different G-
protein subtypes might also account for these differences
in affinity.

In our study, the stimulation of [>>S]JGTPyS binding
by GTI and CP 93129 in basal ganglia and substantia
nigra was fully antagonised by the selective 5-HT,p
antagonist SB-224289, indicating that these responses
were mainly mediated by the activation of the 5-HT;p
receptor subtype. The selective 5-HT;p antagonist
BRL 15572 had no effect on CP 93129-stimulated
[**SIGTPyS binding. In contrast, although without
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Fig. 2. Autoradiographic concentration-response curves illustrating the effect of 5-HT (squares, solid line), GTI (triangles, dotted line) and CP 93129
(circles, broken line) on [*>S]JGTPyS binding in human brain areas. Each curve is the mean + s.e.m. curve of 4-6 individual samples. Statistical
comparison between experimental conditions was made using ANOVA following Student-Newman—Keuls. *p < 0.05 vs. 5-HT-stimulated

[**SIGTPyS binding.
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E;fzii ?)f 10 uM GTI and CP 93129, alone or in presence of SB-224289 or BRL 15572, on [**SJGTPyS binding in human brain sections
Brain area GTI CP 93129
GTI +SB-224289* +BRL 15572° CP 93129 +SB-224289" +BRL 15572°
Striatum
Caudate 163.1 £ 14.9 (11) 116.6 + 13.9* (7) 143.7 £ 18.7 (6) 134.9 + 7.0 (10) 90.9 £ 8.9%* (6) 126.6 £ 9.5 (8)

179.3 + 30.2 (10)
293.9 + 46.1 (9)
303.4 + 53.0 (11)

106.4 + 14.0% (7)
90.84 + 13.2* (10)
135.0 + 19.6* (8)

Putamen
Globus pallidus
Substantia nigra

153.0 + 19.4 (5)
208.2 + 39.7 (6)
193.9 + 14.2 (7)

136.0 + 8.2 (9)
143.3 £ 9.5 (9)
154.6 + 6.9 (8)

98.4 + 9.6%* (6)
85.1 £ 5.4%* (6)
100.5 + 6.6%* (4)

138.6 + 10.7 (7)
143.1 + 26.6 (4)
151.1 + 13.7 (3)

The results are expressed as mean + s.e.m. of the percentage of [>°SJGTPyS binding with respect to basal value (100%). Statistical comparison
between the effect of each antagonist vs. agonist-stimulation alone was made using unpaired Student #-test. *p < 0.05 and **p < 0.01 vs. agonist-
stimulated [>*S]JGTPyS binding. Numbers in brackets indicate number of samples analysed (7).

210 uM.
° 10 pM.

reaching statistical significance, this 5-HTp antagonist
partially inhibited [*>S]JGTPyS binding stimulation in-
duced by GTI. Taken together, these results strongly
suggest that the functional response elicited by CP 93129
is completely dependent on 5-HT; g receptor stimulation;
in line with this, the activation of 5-HTp receptors would
represent only a minor component of the stimulation
observed in the assays in which GTI was used.

No inverse agonist properties of SB-224289 could be
detected in our study. Controversial data about this
issue have been reported. Thus, depending on the
receptor source (native receptor or recombinant h5-
HT;g receptors expressed in cellular lines), and the
methodological approach carried out (binding to
membrane homogenates or autoradiographic studies),
different authors have reported inverse agonist (Selkirk
et al., 1998; Millan et al., 1999) or antagonist (Millan
et al., 1999) properties for this compound. It is

A B
Pu
Cd
YGP
E F
SN4

noteworthy that no inverse agonist effect has been
observed in native tissue. It is possible that the
appearance of inverse agonist profile (Selkirk et al.,
1998; Millan et al., 1999) for SB-224289 in [*>S]GTPYS
binding might be highly dependent on the concentration
of GDP present in the incubation buffer, significantly
lower in membrane or cell homogenates binding studies
(30-50 uM) than in autoradiographic studies (2 mM). In
any case, our results validate the use of this antagonist
to assess the selectivity of the agonist-induced stimula-
tion of [*>SJGTPyS binding. In a similar way, BRL
15572 did not modify the basal binding, acting as
a neutral antagonist, as previously described (Schlicker
et al., 1997; Barnes and Sharp, 1999).

In conclusion, the present report demonstrates that
[**SIGTPYS binding can be properly carried out in
5-HT;pg-enriched human brain areas using autoradio-
graphic techniques with selective ligands. Here we report

Fig. 3. Representative autoradiograms of 10 pM GTI-stimulated [>°S]JGTPyS binding coupled to 5-HTg)1p receptors in human basal ganglia and
midbrain. (A, E) Basal binding; (B, F) 10 uM GTI; (C, G) 10 uM GTI + 10 puM SB-224289; (D, H) 10 uM GTI + 10 uM BRL 15572. Cd, caudate
nucleus; GP, globus pallidus; Pu, putamen nucleus; SN, substantia nigra. Scale bar = 5 mm.
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Fig. 4. Representative autoradiograms of 10 pM CP 93129-stimulated [*>SJGTPyS binding coupled to 5-HT, receptors in human basal ganglia and
midbrain. (A, E) Basal binding; (B, F) 10 uM CP 93129; (C, G) 10 uM CP 93129 + 10 uM SB-224289; (D, H) 10 uM CP 93129 + 10 uM BRL
15572. Cd, caudate nucleus; GP, globus pallidus; Pu, putamen nucleus; SN, substantia nigra. Scale bar = 5 mm.

a complete visualisation of pharmacologically-assessed
5-HT,s receptor-mediated [**S]GTPyS binding in
human brain areas, showing remarkably high levels of
G-protein activation in areas regulating motor activity,
including basal ganglia structures (caudate, putamen
and globus pallidus) as well as substantia nigra, in good
agreement with the anatomical distribution of the
receptor protein. We also demonstrate that 5-HT, GTI
and particularly CP 93129 can be useful pharmacolog-
ical tools for measuring and studying the regional
pattern of stimulated [>°>S]JGTPyS binding through the
activation of 5-HT,p receptors. This opens the possibil-
ity to explore the functional state of this receptor
subtype under diverse pathological conditions as well as
after acute and long-term administration of psychother-
apeutic drugs.
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Fig. 5. Effect of 10 uM SB-224289 and BRL 15572 on basal (100%)
[**SIGTPyS binding in human basal ganglia and midbrain. Cd,
caudate nucleus; GP, globus pallidus; Pu, putamen nucleus; SN,
substantia nigra.
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