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Abstract

Ž X Ž X X Ž . .A novel compound, SB-236057 1 -ethyl-5- 2 -methyl-4 - 5-methyl-1,3,4-oxadiazol-2-yl biphenyl-4-carbonyl -2,3,6,7-
w w x X x. Ž .tetrahydrospiro furo 2,3-f indole-3,4 -piperidine has been shown to have high affinity for human 5-hydroxytryptamine 5-HT1B 1B

Ž .receptors pK s8.2 and displays over 75 or more-fold selectivity for the human 5-HT receptor over other 5-HT receptors, includingi 1B
w35 xthe human 5-HT receptor, and a range of other receptors, ion channels and enzymes. In functional studies using S GTPgS binding,1D

Ž .SB-236057 displayed negative intrinsic activity pEC s8.0 at human 5-HT receptors stably expressed in Chinese Hamster Ovary50 1B
Ž . Ž .CHO cells and caused a rightward shift of agonist concentration response curves consistent with competitive antagonism p A s8.9 .2

w3 xSB-236057 potentiated H 5-HT release from electrically stimulated guinea pig or human cortical slices. SB-236057 also abolished the
inhibitory effect of exogenously superfused 5-HT on electrically-stimulated release from slices of the guinea pig cortex. These studies
using SB-236057 confirm that, in both the guinea pig and human cerebral cortex, the terminal 5-HT autoreceptor is of the 5-HT1B

subtype. q 1999 Elsevier Science B.V. All rights reserved.

Ž .Keywords: 5-HT 5-hydroxytrptamine, serotonin ; SB-236057; 5-HT autoreceptor; 5-HT release; Human1B

1. Introduction

Ž .The family of 5-hydroxytryptamine 5-HT receptors
has been divided into seven distinct receptor types on the
basis of operational, structural and transductional criteria
Ž .Hartig et al., 1996 . One subgroup of this receptor family,
the 5-HT receptors, has been subdivided into 5-HT ,1 1A

5-HT , 5-HT , 5-HT and 5-HT . The 5-HT and1B 1D 1E 1F 1B

5-HT receptor subtypes can be pharmacologically identi-1D

fied with the selective 5-HT r partial agonist GR12-1B 1D
Ž w Ž . x X7935 N- 4- methoxy-3- 4-methyl-1-piperizinyl phenyl -2 -

X Ž .w X xmethyl-4 - 5- methyl-1,2,4-oxadiazole-3-yl 1,1 ,-biphenyl -
.Ž .carboxamide Skingle et al., 1996 . Further pharmacologi-

cal separation can be achieved with the 5-HT receptor1B
Ž w Žselective partial agonist SB-216641 N- 3- 2-dimethyl-

. x X X Žamino ethoxy-4-methoxyphenyl -2 -methyl-4 - 5-methyl-1,

) Corresponding author. Tel.: q44-1279-622303; Fax: q44-1279-
622230

. Ž X . Ž2,4-oxadiazol-3-yl - 1,1-biphenyl-4-carboxamide Price et
. Žal., 1997 or the inverse agonist SB-224289 2,3,6,7-tetra-

X � X X whydro-1-methyl-5- 2 -methyl-4 - 5-methyl-1,2,4-oxadiazole
. x 4 w x X-3-yl biphenyl-4-yl carbonyl furo 2,3-F -indole-3-spiro-4 -

. Ž .piperidine oxalate Selkirk et al., 1998 , the latter com-
pound having reasonably high affinity for 5-HT recep-1B

tors with 75-fold selectivity for the 5-HT receptor over1B

other 5-HT receptors. However both GR127935 and SB-
216641 are partial agonists at recombinant 5-HT recep-1B

Ž .tors expressed in Chinese Hamster Ovary CHO cell lines
Ž .Watson et al., 1996; Price et al., 1997 and the inverse
agonist, SB-224289, has relatively low potency in vivo
Ž .Hagan et al., 1997 , precluding its development as a
therapeutic agent in man. In native tissue no intrinsic
activity at 5-HT receptors has been observed with any of1B

Žthese compounds Skingle et al., 1996; Schlicker et al.,
.1997; Selkirk et al., 1998 and they have been used as

antagonists to characterise both 5-HT auto- and hetero-re-
Žceptors Roberts et al., 1997, 1998; Schlicker et al., 1997,

.Selkirk et al., 1998 .
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Fig. 1. Chemical structure of SB-236057.

As yet no studies have been reported on the effects of a
selective 5-HT1B receptor inverse agonist at the human
5-HT terminal autoreceptor. We now report on a new

Ž X Ž X X Žcompound, SB-236057 1-ethyl-5- 2 -methyl-4 - 5-methyl-
. .1,3,4-oxadiazol-2-yl biphenyl-4-carbonyl -2,3,6,7-tetrahy-

w w x X x.drospiro furo 2,3-f indole-3,4 -piperidine , which has high
affinity, selectivity and inverse agonist activity at human
5-HT receptors and increases the release of 5-HT from1B

Ž .slices of guinea pig and human cortex Fig. 1 .

2. Materials and methods

2.1. Preparation of membranes containing human 5-HT1B

and 5-HT receptors1D

Human 5-HT and 5-HT receptors were stably trans-1B 1D
Ž .fected into Chinese hamster ovary ACC098 cell lines as

Ž .previously described Watson et al., 1996 . The cells were
harvested by centrifugation, resuspended in HEPES buffer
Ž . Ž .20 mM containing EDTA 10 mM , and homogenised
with an Ultra-Turrax. The membranes were then washed in

Ž . Ž .HEPES buffer 20 mM containing EDTA 0.1 mM ,
centrifuged and stored as frozen aliquots at y808C until
use. These membranes were used in both radioligand

w35 xbinding and S GTPgS binding assays.

2.2. Radioligand binding studies

Radioligand binding studies were carried out on human
cloned 5-HT and 5-HT receptors as follows. Mem-1B 1D

Ž Žbranes were resuspended in Tris buffer Tris HCl 50
. Ž . Ž . ŽmM , MgCl 10 mM , ascorbate 6 mM , pargyline 0.52

.. ŽmM , pH 7.4. Competition studies were performed in
.single samples using 10=0.5 log unit dilutions of com-

w3 x Ž .peting ligand in the presence of H 5-HT 4 nM , and
non-specific binding was determined by the inclusion of

Ž . Ž 5 .5-HT 10 mM . Membranes ;10 cells were incubated
in a final volume of 0.5 ml for 45 min at 378C, and the
reaction was stopped by rapid filtration through Whatman
GFrB filters, presoaked with 0.3% polyethyleneimine, on
a 96 well Tomtec harvester. This was followed by 4=1
ml washes with ice cold Tris buffer. Radioactivity was
determined using liquid scintillation counting on a Packard
Topcount.

2.3. Receptor selectiÕity studies

To determine the relative receptor selectivities of SB-
236057, binding studies were also carried out on cloned
human 5-HT , 5-HT , 5-HT , 5-HT , 5-HT , 5-HT ,1A 1E 1F 2A 2B 2C

5-HT , 5-HT and 5-HT receptors. Details of cell lines,4 6 7

the ligands and the concentrations used, together with the
compounds included to define non-specific binding, are
shown in Table 1.

[35 ]2.4. S GTPgS binding studies

Membranes from CHO cells stably expressing human
w35 x5-HT or 5-HT receptors were prepared and S -1B 1D

GTPgS binding studies were carried out as described
Ž .previously Thomas et al., 1995 . Briefly, membranes from

106 cells were pre-incubated at 308C for 30 min in 20 mM
Ž . Ž .HEPES buffer pH 7.4 in the presence of MgCl 3 mM ,2

Ž . Ž . Ž .NaCl 100 mM , GDP 10 mM and ascorbate 0.2 mM ,
with or without compounds. The reaction was started by

w35 x Žthe addition of 10 ml of S GTPgS 100 pM, assay
.concentration followed by a further 30 min incubation at

308C. Non-specific binding was determined using non-ra-
Ž .diolabelled GTPgS 20 mM added prior to the mem-

branes. The reaction was terminated by rapid filtration
through Whatman GFrB grade filters followed by 5=1

Ž . Ž .ml washes with ice cold HEPES 20 mM rMgCl 3 mM2

Table 1
Summary of conditions used in binding assays to assess human 5-HT receptor selectivity of SB-236057

Ž .Receptor Cell linersource Radioligand Concentration NSB 10 mM
3w x5-HT HEK 293 H 8-OH DPAT 1 nM Buspirone1A
3w x5-HT CHO H 5-HT 4 nM 5-HT1B
3w x5-HT CHO H 5-HT 4 nM 5-HT1D
3w x5-HT CHO H 5-HT 4 nM 5-HT1E
3w x5-HT CHO H 5-HT 4 nM 5-HT1F
3w x5-HT HEK 293 H Ketanserin 0.5 nM Mianserin2A
3w x5-HT HEK 293 H 5-HT 8 nM 5-HT2B
3w x5-HT HEK 293 H Mesulergine 0.6 nM Mianserin2C
125w x5-HT guinea-pigrpiglet hippocampus I SB-207710 1.3 nM SB-2050084
3w x5-HT HeLa H LSD 2 nM Methiothepin6
3w x5-HT HEK 293 H 5-CT 0.5 nM 5-HT7

NSB: compound used to define non-specific binding used at 10 mM.
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buffer. Radioactivity was measured using liquid scintilla-
tion spectrometry.

[3 ]2.5. In Õitro H 5-HT release studies in brain slices

2.5.1. Guinea pig cortex
w3 xElectrically evoked H 5-HT release studies were per-

formed in guinea pig cortex as previously described
Ž . Ž .Selkirk et al., 1998 . Male guinea pigs 400–500 g were
killed by cervical dislocation, decapitated and the brains
removed. The whole cortex was rapidly dissected out and
cross-chopped into 300 mm=300 mm slices using a
McIlwain chopper. The slices were incubated in Krebs

w3 x Ž .buffer containing H 5-HT 100 nM in the presence of
Ž .pargyline 10 mM at 378C for 15 min. Slices were then

gently washed twice in buffer and resuspended in 10 ml
Krebs buffer bubbled with a mixture of 95% O r5% CO2 2

and 100 ml aliquots transferred to a Brandel Suprafusion
2000 Apparatus. The composition of the Krebs solution

Ž . Ž . Ž .was the following in mM : NaCl 118 , KCl 4.8 , CaCl2
Ž . Ž . Ž . Ž .1.3 , MgSO 1.2 , NaHCO 25 , NaH PO 1.2 , glu-4 3 2 4

Ž . Ž . Ž .cose 10 , L-ascorbate 0.06 , Na EDTA 0.03 . Slices2

were superfused with oxygenated Krebs solution in the
Ž .presence of the 5-HT uptake blocker paroxetine 10 mM ,

at a rate of 0.5 mlrmin.
Ž .After 32 min of superfusion ts0 , samples were

collected every 4 min for a period of 80 min. Transmitter
release was stimulated electrically with a Brandel Stimula-
tor using a 2 ms biphasic square wave pulse, 20 mA in
amplitude. Slices were stimulated at a frequency of 1 Hz
for 2 min at tsy30 min to aid tissue equilibration, and

Ž . Ž .again at ts12 min S1 and ts56 min S2 at a fre-
quency of 1 Hz for 2 min for reversal of 5-HT inhibition
studies, and 3 Hz for 1 min to measure the effects of the

w3 xantagonists alone on H 5-HT release. Agonists were su-
perfused at ts44 min and removed at ts64 min. Antag-
onist superfusion started at ts24 min and continued for
the remainder of the experiment. At the end of the experi-
ment the amount of radioactivity in the slices and super-
fusate samples were determined by liquid scintillation
spectrometry.

Ž .Fractional release FR for each sample was calculated
as the amount of radioactivity in a sample expressed as a
fraction of the total radioactivity present in the slices at the

w3 xtime of that collection. Basal levels of H 5-HT release
were calculated as the mean percent FR per 4 min sample
of the two samples either side of the S1 and S2 electrical
stimulation collection periods, and were designated B1 and
B2 respectively. S1 and S2 collection periods were for two
4 min samples during and immediately following the
electrical stimulation. The effects of drugs on the stimu-

Ž . Ž .lated release were calculated as S2-B2 r S1-B1 ratios of
FR, and the results were expressed as this ratio.

2.5.2. Human cortex
w3 xStudies on the electrically-evoked release of H 5-HT

from human cerebral cortical slices, prepared from tissue

obtained from 3 patients who were undergoing neuro-
surgery for epilepsy, were carried out as previously de-

Ž .scribed Schlicker et al., 1997 . The study was approved
by the local ethics committee.

Ž .Briefly cortical slices 0.3 mm thick, diameter 2 mm
were incubated with modified Krebs solution containing
w3 x Ž .H 5-HT 0.1 mM for 60 min at 378C and superfused at
0.5 mlrmin with a medium containing 6-nitroquipazine
Ž . Ž .3.2 mM and idazoxan 1 mM for 120 min at 378C.
Tritium overflow was evoked by two 2 min periods of

Ž .electrical stimulation 3 Hz, 100 mA, 2 ms after 60 min
Ž .and 100 min of superfusion S1 and S2 . SB-236057, when

studied, was present in the medium throughout superfu-
sion. At the end of the superfusion, the cortical slices were
solubilised with SolueneR and the radioactivity in the
tissues and supernatants was determined by liquid scintilla-
tion counting.

Tritium efflux was calculated as the fraction of the
tritium content in the tissues at the beginning of the

Ž .respective collection period FR . To quantify the effects
of SB-236057 on basal efflux, the FR was determined in
the sample collected from 55–60 min of superfusion ex-
pressed as a percent of tissue tritium. To quantify the
effect of SB-236057 on evoked tritium overflow, the dif-
ference between total and basal tritium efflux during S1
and the subsequent 13 min was determined and expressed
as a percent of tissue tritium.

2.6. Data analysis

Receptor binding data were generated as single data
points, and GTPgS data were generated in duplicate within
each experiment. Each experiment was carried out at least
3 times. Curve fitting of the meaned data was generated by
a four parameter logistic equation, using GRAFIT
Ž .Erithacus Software . pK data were calculated from thei

ŽIC , using the Cheng–Prusoff equation Cheng and Pru-50
.soff, 1973 .

w35 xS GTPgS binding data was expressed as percent
w35 xstimulation above basal S GTPgS binding, i.e., in the

absence of test compounds.
w3 xH 5-HT release from guinea pig cortical slices was

Ž .expressed as the S2rS1 ratio see above and is the mean
of 4 independent experiments. Statistical significance was
determined using analysis of variance post hoc Dunnett’s
t-test using the control as standard for the antagonist

w xpotentiation studies and the 5-HT 30 nM as standard for
the abolition of inhibition studies.

w3 xH 5-HT release from human cortical slices was ex-
Ž .pressed as the percent of tissue tritium see above and is

the mean of a total number of 6–7 slices per experimental
Žcondition 2–3 slices in each of 3 independent experi-

.ments, each based on tissue from one individual patient .
For comparison of means, Student’s t-test was used; if two
experimental values were compared to the same control,
the Bonferroni correction was used.
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Table 2
Receptor binding affinities, expressed as pK , of SB-236057 at humani

cloned 5-HT receptors

ReceptorrTissue pK i

5-HT -51A

5-HT 8.2"0.11B

5-HT 6.3"0.11D

5-HT -51E

5-HT -51F

5-HT -5.22A

5-HT -52B

5-HT -5.32C

5-HT 5.44

5-HT -56

5-HT -57

ŽData are the mean"S.E.M of 8–9 separate experiments 5-HT and1B
. Ž .5-HT or the mean of at least 3 experiments other 5-HT receptors .1D

2.7. Drugs

Ž X Ž X X ŽSB-236057 1-Ethyl-5- 2 -methyl-4 - 5-methyl-1,3,4-
. .oxadiazol-2-yl biphenyl-4-carbonyl -2,3,6,7-tetrahydro-

w w x X x.spiro furo 2,3-f indole-3,4 -piperidine , paroxetine HCl,
buspirone, mianserin, SB-205008 and methiothepin were
synthesised by SmithKline Beecham Pharmaceuticals
Ž . ŽHarlow, UK . 5-HT 5-hydroxytryptamine creatine sul-

. Ž X .phate , GTPgS Guanosine-5 -O-3-thiotriphosphate , GDP
Ž X . ŽGuanosine 5 -diphosphate, Tris salt and pargyline N-
methyl-N-propargylbenzylamine; N-methyl-N-2-pro-

. Ž .pynylbenzylamine were obtained from Sigma Poole, UK .
Ž .6-Nitroquipazine was obtained from RBI Natick, USA

Ž . w3 xand idazoxan from Reckitt and Colman Hull, UK . H 5-
Ž . w35 x Ž .HT 90 Cirmmol and S GTPgS 900–1200 Cirmmol

and all other radiolabels used were purchased from Amer-
Ž . w3 xsham International plc Buckinghamshire, UK . The H 5-

HT used for experiments in human cortical slices was
Ž .purchased from NEN Dreieich, Germany and had a

specific activity of 29.7 Cirmmol.

3. Results

3.1. Radioligand binding studies

Competition studies were performed to determine the
affinity of SB-236057 at a number of 5-HT receptors

w35 xFig. 2. Stimulation of S GTPgS binding in CHO cell membranes
expressing h5-HT and h5-HT receptors. Data are expressed as1B 1D

Ž .percent stimulation above basal binding within each experiment. A and
Ž . Ž .B show concentration response curves to 5-HT ` and SB-236057
Ž . Ž . Ž .v at h5-HT1B A and h5-HT1D B receptors respectively. Antagonist

Ž .shifts of the 5-HT concentration response curve ` are shown with 1
Ž . Ž . Ž . Ž . Ž .nM v ; 10 nM I ; 100 nM B ; 1 mM ^ and 10 mM '

Ž .SB-236057 at h5-HT1B receptors c . Each data point is the mean of
duplicate samples from 3–5 independent experiments and the bars illus-
trate the standard error of this mean. All curves were fitted with a
4-parameter logistic equation.

Ž . w3 x ŽTable 2 . Specific binding with H 5-HT defined with
.10 mM 5-HT represented over 90% of total binding in

both human 5-HT and 5-HT receptor-expressing sys-1B 1D
Žtems. SB-236057 displayed 75 fold higher affinity pK si

.8.2 at the human 5-HT receptor expressed in CHO cells1B
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Table 3
Ž . w35 x Ž Ž . Ž .Receptor binding affinities pK and S GTPgS binding study results pEC , percent stimulation stim or inhibition inhibit , for 5-HT andi 50

.SB-236057

Human 5-HT receptors Human 5-HT receptors1B 1D

pK pEC rpIC E p A pK pEC rpIC E app. p Ai 50 50 max 2 i 50 50 max 2

5-HT 8.4"0.1 7.8"0.1 225% stim – 8.5"0.1 8.0"0.1 70% stim –
SB-236057 8.2"0.1 8.0"0.1 75% inhibit 8.9 6.3"0.1 6.6"0.9 55% inhibit 6.8"0.3

All values are expressed as the mean" the standard error of the mean.

Ž .than at the human 5-HT receptor pK s6.3 . SB-2360571D i

was also greater than 100-fold selective for the human
5-HT receptor over the other human 5-HT receptor1B

Ž .subtypes tested Table 2 and for 55 other receptor and
Ž .enzyme systems see Section 4 .

[35 ]3.2. S GTPgS binding studies

In both human 5-HT and 5-HT receptor expressing1B 1D

cell lines, 5-HT produced a concentration-dependent stimu-
w35 xlation of S GTPgS binding, with a maximal stimulation

Žof 225% and 70% above basal levels respectively Fig. 2a
.and b . Consistent with its receptor binding affinity, 5-HT

had similar potencies at human 5-HT and 5-HT recep-1B 1D
Ž .tors Table 3 . SB-236057 suppressed basal binding by

75% at the human 5-HT receptor, and by 55% at the1B

human 5-HT receptor. SB-236057 was more potent at1D
Ž . Ž .5-HT pEC s8.0 than at 5-HT pEC s6.6 recep-1B 50 1D 50

tors, Antagonist studies were carried out to determine the
affinity of SB-236057 at human 5-HT receptors. At1B

Ž .5-HT receptors, SB-236057 1–10,000 nM produced1B

parallel rightward shifts of the 5-HT concentration re-
Ž .sponse curve Fig. 2c . Schild analysis of the data based on

pEC s of individual curves gave a slope not significantly50
Ž .different from unity and a p A of 8.9 not shown . At2

Ž .5-HT receptors, SB-236057 1 mM caused a parallel1D

rightward shift in the concentration response curve to
Ž .5-HT with an apparent p A of 6.8 data not shown .2

[3 ]3.3. H 5-HT release studies

3.3.1. Guinea pig cortical slices
Ž .At a frequency of 1 Hz, superfusion of 5-HT 30 nM

w3 xsignificantly inhibited electrically stimulated H 5-HT re-
lease, decreasing the S2rS1 ratio from 0.96"0.02 to
0.56"0.04. SB-236057 reversed the inhibitory effects of
exogenous 5-HT in a concentration dependent manner,
statistical significance being attained at 100 nM and 1000

Ž . Ž . Ž .nM P-0.05 Fig. 3a . SB-236057 up to 1000 nM had
w3 x Ž .no effect on basal H 5-HT release data not shown .

At the higher frequency of 3 Hz, SB-236057 increased
w3 xelectrically-evoked H 5-HT release from guinea pig cor-

tical slices in a concentration dependent manner with a
statistically significant potentiation at 100 nM and 1000

Ž .nM Fig. 3b .

w3 xFig. 3. Electrically evoked H 5-HT release from guinea pig cortical
w3 xslices. Data are shown for the antagonism of 5-HT inhibition of H 5-HT

Ž .release by SB-236057 at 1 Hz, 20 mA for 2 min top and the increase of
w3 x Ž .H 5-HT release by SB-236057 at 3 Hz, 20 mA for 1 min bottom , Data
is expressed as the percent control for 4 independent experiments and the
bars represent the standard error of this mean. Statistical significance is
given as U s P -0.05.
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w3 xFig. 4. Electrically evoked H 5-HT release from human cortical slices.
w3 xData are shown for the increase of H 5-HT release by SB-236057 at 3

Hz, 20 mA for 1 min. Data is expressed as the mean percent control.
Each data point is the mean of measurements on a total number of 6–7

Ž .slices 2–3 slices per condition , in each of 3 independent experiments,
each based on tissue from one individual patient; the bars represent the
standard error of this mean. Statistical significance is given as U s P -

0.05.

3.3.2. Human cortical slices
Ž .In slices from human cortex, SB-236057 10–1000 nM

Ž .did not affect basal tritium efflux data not shown , but
Ž . w3 xincreased electrically 3 Hz -evoked H 5-HT release in a

Ž .concentration dependent manner Fig. 4 . The percent frac-
tional release was increased by 45%, 96% and 87% over
control values by 10 nM, 100 nM and 1000 nM SB-236057,

Ž .respectively, reaching statistical significance P-0.05 at
100 nM and 1000 nM concentrations.

4. Discussion

In this series of studies we have evaluated the phar-
macological profile of the novel 5-HT receptor selective1B

compound, SB-236057, and utilised this ligand to deter-
mine the effects of a 5-HT receptor inverse agonist on1B
w3 xH 5-HT release from guinea pig and human cortical
slices.

Ž . ŽSB-236057 is a potent pK s8.2 and selective 75-i
.fold ligand for the human 5-HT receptor as compared to1B

a number of other 5-HT receptors. Moreover in a compre-
hensive selectivity screen, SB-236057 has been shown to
be more then 100-fold selective for the human 5-HT1B

receptor as compared to 55 other receptors and enzymes
Ž .Novascreen Task Order 1319 . Thus, SB-236057 is a
more potent and selective 5-HT ligand when compared1B

to another compound developed in our laboratories, SB-
216641, which was only 25-fold selective for human 5-

Ž .HT versus 5-HT receptors Price et al., 1997 but is1B 1D

similar to SB-224289, which displayed 75-fold selectivity
Ž .between these two 5-HT receptors Selkirk et al., 1998 .

In in vitro functional studies in CHO cells using GTPgS
radioligand binding as a functional assay, SB-236057 be-
haved as a potent receptor inverse agonist at human 5-HT1B

Ž .receptors pEC 8.0 . Furthermore, in receptor antagonist50

studies at human 5-HT receptors, using the same func-1B

tional assay, SB-236057 was a competitive antagonist
Ž .p A s8.9 with the slope of a Schild plot not signifi-2

cantly different from unity. SB-236057 is weaker as an
Ž .antagonist at human 5-HT receptors apparent p A s6.81D 2

and therefore is a suitable tool compound to investigate the
actions of a 5-HT receptor inverse agonist at the termi-1B

nal 5-HT autoreceptor in native tissue.
In neurotransmitter release studies, SB-236057 reversed

Žthe inhibitory effects of 5-HT on electrically-evoked 1
. w3 xHz H 5-HT release from slices of the guinea pig cortex.

In this respect, these studies confirm that the terminal
5-HT autoreceptor in the guinea pig is of the 5-HT1B

subtype, a conclusion previously supported by the use of
the 75-fold selective 5-HT receptor inverse agonist, SB-1B

Ž .224289 Selkirk et al., 1998 . Moreover, at the higher
frequency of 3 Hz stimulation, SB-236057 potently in-
creased 5-HT release from guinea pig cortex slices. This
effect is probably due to blockade of the effect of endoge-
nous 5-HT released by the electrical stimulus. However it
is possible that the inverse agonist properties of this com-
pound seen in recombinant systems are also reflected in
native tissue, uncoupling the terminal 5-HT autoreceptor1B

Ž .from its G-protein Lefkowitz et al., 1993 and thereby
negating a constitutive inhibitory effect of this receptor on

Ž .the release of 5-HT see below .
Similar results of SB-236057 were seen in slices of the

human brain. SB-236057, like the receptor partial agonist
Ž .SB-216641 in earlier studies Schlicker et al., 1997 , in-

w3 xcreased H 5-HT release in the human cortex when the
slices were electrically stimulated at a frequency of 3 Hz.

The ability of 5-HT receptor antagonists such as1B
w3 xSB-236057 to increase H 5-HT release from electrically-

stimulated slices of both the guinea pig and human cortex
could be due to the presence of endogenous 5-HT in the
superfusion fluid or to the inverse agonist properties of the
compound. In both the guinea pig and human cortex, the
latter explanation is unlikely to be true since partial recep-
tor agonists at the 5-HT receptor such as GR 1279351B
Ž . Ž .Watson et al., 1996 or SB-216641 Price et al., 1997

w3 xhave also been shown to increase H 5-HT release from
electrically-stimulated slices. Indeed, one study of the ef-
fects of the non-selective inverse agonist, methiothepin
Ž .Watson et al., 1996 , carried out in human brain synapto-
somes has shown that this drug can block the actions of
exogenously applied 5-HT but does not, per se, increase

Ž .5-HT release Maura et al., 1993 . In this preparation, the
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human superfused synaptosome, any 5-HT released by the
Ž q .stimulus elevated K ions is efficiently removed from

the vicinity of the terminal 5-HT autoreceptor by the rapid
perfusion of the synaptosomes, thereby obviating the abil-
ity of endogenous 5-HT to stimulate the terminal 5-HT
autoreceptor. Thus the results of the present study on
SB-236057, together with studies of a partial receptor
agonist at the human 5-HT receptor, SB-2166411B
Ž .Schlicker et al., 1997 and the non-selective inverse ago-

Žnist at the 5-HT receptor, methiothepin Schlicker et al.,1B
.1985; Galzin et al., 1992; Maura et al., 1993 , argue that

the increase in 5-HT release elicited by 5-HT receptor1B

antagonists is probably due to blockade of the effect of
endogenous 5-HT released by the nerve stimulus. In addi-
tion the larger potentiation of release of 5-HT seen at
higher frequencies of stimulation is consistent with antago-
nism of increased autoreceptor tone by a greater biophase
concentration of 5-HT. Presumably the same degree of
constitutive coupling would be present at 1 Hz or 3 Hz,
therefore the same degree of inverse agonism, i.e., potenti-
ated 5-HT release would have been observed. Since this
was not the case the former explanation is likely to be
correct.

Thus, in conclusion, SB-236057 has been shown to be a
potent, selective inverse agonist at the human 5-HT1B

receptor and to block the 5-HT terminal autoreceptor in
both the guinea pig and human cortical slice preparation.
Since SB-236057 increases 5-HT release from
electrically-stimulated slices, it is likely that blockade of
the 5-HT autoreceptor will enhance 5-HT release if1B

endogenous tone is present. Such an action is seen in vivo
after chronic but not acute blockade of the 5-HT re-uptake

Žsite by selective serotonin re-uptake blockers Gardier et
.al., 1996; Gundlah et al., 1997; Sharp et al., 1997 . The

ability of 5-HT receptor antagonistsrinverse agonists to1B
Ž .elicit such an effect both in vitro present study and in

Ž .vivo Roberts et al., 1997, 1998 may indicate that this
class of drug may mimic acutely the actions of chronically
administered selective serotonin reuptake inhibitors.

Acknowledgements

M. Gothert and E. Schlicker were supported by a grant¨
Ž .of the Deutsche Forchungsgeineinsehaft SFB 400 .

References

Cheng, Y.C., Prusoff, W.H., 1973. Relationship between the inhibition
Ž .constant K and the concentration of inhibitor which causes 50i

Ž .percent inhibition IC of an enzymatic reaction. Biochem. Pharma-50

col. 22, 3099–3108.
Galzin, A.M., Poirier, M.F., Lista, A., Chodkiewicz, J.P., Blier, P.,

Ramdine, R., Loo, H., Roux, F.X., Redondo, A., Langer, S.Z., 1992.

Characterization of the 5-hydroxytryptamine receptor modulating the
w3 xrelease of 5- H hydroxytryptamine in slices of the human neocortex.

J. Neurochem. 59, 1293–1301.
Gardier, A.M., Malagie, I., Trillat, A.C., Jacquot, C., Artigas, F., 1996.

Role of 5-HT1A autoreceptors in the mechanism of action of sero-
toninergic antidepressant drugs: recent findings from in vivo micro-
dialysis studies. Fundam. Clin. Pharmacol. 10, 16–27.

Gundlah, C., Hjorth, S., Auerbach, S.B., 1997. Autoreceptor antagonists
enhance the effect of the reuptake inhibitor citalopram on extracellu-
lar 5-HT: this effect persists after repeated citalopram treatment.
Neuropharmacology 36, 475–482.

Hagan, J.J., Slade, P.D., Gaster, L., Jeffrey, P., Hatcher, J.P., Middlemiss,
D.N., 1997. Stimulation of 5-HT receptors causes hypothermia in1B

the guinea pig. Eur. J. Pharmacol. 169–174.
Hartig, P.R., Hoyer, D., Humphrey, P.P.A., Martin, G.R., 1996. Align-

ment of receptor nomenclature with the human genome: classification
of 5-HT and 5-HT receptor subtypes. Trends Pharmacol. Sci. 17,1B 1D

103–105.
Lefkowitz, R.J., Cotecchia, S., Samama, P., Costa, T., 1993. Constitutive

activity of receptors coupled to guanine nucleotide regulatory pro-
teins. Trends Pharmacol. Sci. 14, 303–307.

Maura, G., Thellung, S., Andrioli, G.C., Ruelle, A., Raiteri, M., 1993.
Release-regulating serotonin 5-HT autoreceptors in human cerebral1D

cortex. J. Neurochem. 60, 1179–1182.
Price, G.W., Burton, M.J., Collin, L.J., Duckworth, M., Gaster, L.,

Gothert, M., Jones, B.J., Roberts, C., Watson, J.M., Middlemiss,
D.N., 1997. SB-216641 and BRL-15572—compounds to pharmaco-
logically discriminate h5-HT and h5-HT receptors. Naunyn-1B 1D

Schmiedeberg’s Arch. Pharmacol. 356, 312–320.
Roberts, C., Belenguer, A., Middlemiss, D.N., Routledge, C., 1998.

Differential effects of 5-HT1Br1D receptor antagonists in dorsal and
median raphe innervated brain regions. Eur. J. Pharmacol. 346,
175–180.

Roberts, C., Price, G.W., Gaster, L., Jones, B.J., Middlemiss, D.N.,
Routledge, C., 1997. Importance of h5-HT receptor selectivity for1B

5-HT terminal autoreceptor activity: an in vivo microdialysis study in
the freely moving guinea pig. Neuropharmacology 36, 549–557.

Schlicker, E., Brandt, F., Classen, K., Gothert, M., 1985. Serotonin¨
release in human cerebral cortex and its modulation via serotonin
receptors. Brain Res. 331, 337–341.

Schlicker, E., Fink, K., Molderings, G.J., Price, G.W., Duckworth, M.,
Gaster, L., Middlemiss, D.N., Zentner, J., Likungu, J., Gothert, M.,¨

Ž . Ž1997. Effects of selective h5-HT SB-216641 and h5-HT BRL-1B 1D
.15572 receptor ligands on guinea-pig and human 5-HT auto- and

heteroreceptors. Naunyn-Schmiedeberg’s Arch. Pharmacol. 356, 321–
327.

Selkirk, J.V., Scott, C., Ho, M., Burton, M.J., Watson, J., Gaster, L.M.,
Collin, L., Jones, B.J., Middlemiss, D.N., Price, G.W., 1998. SB-

Ž .224289- a novel selective human 5-HT receptor antagonist with1B

negative intrinsic activity. Br. J. Pharmacol. 125, 202–208.
Sharp, T., Umbers, V., Gartside, S.E., 1997. Effect of a selective 5-HT

reuptake inhibitor in combination with 5-HT and 5-HT receptor1A 1B

antagonists on extracellular 5-HT in rat frontal cortex in vivo. Br. J.
Pharmacol. 121, 941–946.

Skingle, M., Beattie, D.T., Scopes, D.I.C., Starkey, S.J., Connor, H.E.,
Feniuk, W., Tyers, M.B., 1996. GR127935: a potent and selective
5-HT receptor antagonist. Behav. Brain Res. 73, 157–161.1D

Thomas, D.R., Faruq, S.A., Balcarek, J.M., Brown, A.M., 1995. Pharma-
w xcological characterisation of 35S GTP?S binding to Chinese hamster

ovary cell membranes stably expressing cloned human 5-HT recep-1D

tor subtypes. J. Rec. Sig. Trans. Res. 15, 199–211.
Watson, J.M., Burton, M.J., Price, G.W., Jones, B.J., Middlemiss, D.N.,

1996. GR127935 acts as a partial agonist at recombinant human
5-HT and 5-HT receptors. Eur. J. Pharmacol. 314, 365–372.1D a 1D a


