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1 Binding of the 5-HT; receptor antagonist radioligand [*H]-SB-269970 to human 5-HTj,,
receptors expressed in HEK293 cell membranes (h5-HT5,,/293) and to guinea-pig cerebral cortex
membranes, was characterized and compared with [*H]-5-CT binding.

2 [PH]-SB-269970 (1 nm) showed full association with h5-HT,)/293 membranes after 40 min.
Specific binding at equilibrium represented >90% of total binding and was fully reversible by
methiothepin (10 uM), full dissociation occurring by 100 min. The association (k. ;) and dissociation
(k_,) rate constants were 0.05 nM ~'min~' and 0.05 min~' respectively, giving a K, (k_/k.,) of
1.0 nM.

3 [PH]-SB-269970 bound saturably and apparently monophasically to both h5-HT,,/293 and
guinea-pig cortex membranes, with K, values of 1.25+0.05 and 1.7+0.3 nM respectively. The B,
for [PH]-SB-269970 to both h5-HT)/293 and guinea-pig cortex membranes (57804380 and
125+8.2 fmoles mg protein~! respectively) was similar to that for [PH]-5-CT (6190+940 and
143 +19 fmoles mg protein~' respectively). These data suggest that, in each tissue, both radioligands
labelled the same population of receptors, which appear to be present in an agonist high affinity
state.

4 The profile of compound inhibition of [*H]-SB-269970 binding to h5-HT,,,/293 and guinea-pig
cortex membranes correlated well (corr. coeff. 0.98) with those for [*’H]-5-CT binding and were
consistent with the profiles reported previously for the human 5-HT;,, and guinea-pig cortex 5-HT;
receptors using [*’H]-5-CT. Hill slopes for inhibition of [*H]-SB-269970 and [*H]-5-CT binding were
close to 1, consistent with binding to a single receptor population in both tissues.

5 [PH]-SB-269970 represents the first selective 5-HT, antagonist radioligand, which should aid
further characterization of 5-HT, receptors in recombinant and native tissues and help establish

their role in brain function.
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Introduction

Seven major classes of 5-HT receptor (5-HT,_;) have been
identified to date, based on structural, functional and
pharmacological criteria (Hoyer er al., 1994). The 5-HT;
receptor, which has been cloned from mouse (Plassat et al.,
1993), rat (Lovenberg et al., 1993; Ruat et al., 1993), guinea-pig
(Tsou et al., 1994) and human (Bard ez al., 1993), is positively
coupled to adenylyl cyclase (AC) when expressed in cell lines
(e.g. Bard et al., 1993) and displays a unique pharmacological
profile which is consistent across species. A number of splice
variants of both the human (5-HT7,4) and rat (5-HT7,.)
receptor have been identified, which display similar pharma-
cological and functional characteristics when expressed in cell
lines (Jasper et al., 1997; Heidman et al., 1997).
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5-HT; receptor mRNA has been shown to be present in
smooth muscle from cardiovascular and gastrointestinal
tissues (Bard er al., 1993; Schoeffter et al., 1996, Hagan et al.
in press). Comparative in situ hybridization and autoradio-
graphy studies in guinea-pig and rat brain have revealed a
similar distribution pattern for 5-HT; mRNA and receptor
binding sites, with the highest receptor density in thalamic and
limbic regions (Branchek et al., 1994; To et al, 1995;
Gustafson et al., 1996). As seen in recombinant systems, 5-
HT; receptors are positively coupled to AC in guinea-pig
brain, since the 5-carboxamidotryptamine (5-CT) stimulation
of AC in guinea-pig hippocampus is antagonized by the
selective 5-HT; receptor antagonist, SB-258719 (Thomas et al.,
1999). Based on brain localization and pharmacological
studies with non-selective compounds, it has been suggested
that 5-HT; receptors may play a role in the control of circadian
rhythms (Lovenberg et al., 1993; Tsou et al., 1994; Ying &
Rusak, 1997) and may have potential therapeutic applications
in depression (Sleight et al., 1995; Hagan et al. in press) and
schizophrenia (Roth et al., 1994).
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The majority of radioligand binding studies to characterize
5-HT; receptors in recombinant and native tissue systems
have used the agonist radioligands [*H]-5-HT (Bard et al.,
1993; Tsou et al., 1994; Sleight et al., 1995; Clemett et al.,
1999a) or [*H]-5-CT (To et al., 1995; Boyland et al., 1996;
Thomas et al., 1998; Stowe & Barnes, 1998; Thomas et al.,
1999). These radioligands have proved useful in characteriz-
ing the pharmacological profile of cloned and native 5-HT;
receptors, as well as providing information on their native
tissue distribution, particularly in brain. However, neither
[PH]-5-HT nor [*H]-5-CT selectively labels 5-HT; receptors
and in native tissues it has therefore been necessary to include
selective blocking compounds to prevent labelling of non-5-
HT,; binding sites. In the presence of such blocking
compounds to prevent binding to 5-HT;s/1s/1p receptors, the
pharmacological profile of [*H]-5-CT binding to both rat and
guinea-pig brain was found to correlate well with that
reported for recombinant 5-HT; receptors (Boyland ez al.,
1996; Stowe & Barnes, 1998). Similarly, [*H]-8-OH-DPAT
has been reported to label 5-HT, receptors in hamster brain,
when tested in the presence of pindolol to block 5-HTi,
receptors (Duncan et al., 1999). However, it is important to
note that the use of such blocking compounds could,
depending on their selectivity profile, produce incomplete
blockade of non-5-HT; sites. [°’H]-5-HT, in the presence of
pindolol to block 5-HT,/p sites, has been reported to label
5-HT; receptors in rat hypothalamus, but also appears to
label an additional binding site under these assay conditions,
revealed by shallow competition curves for some competing
ligands (Sleight et al., 1995; Gobbi et al., 1996; Clemett et al.,
1999). Similarly, [*H]-5-CT binding studies in rat brain, using
cyanopindolol and sumatriptan to inhibit binding to
5-HTans and 5-HT,p receptors respectively, have also
revealed shallow competition curves, suggesting that, under
these conditions, [’H]-5-CT may label a heterogenous
receptor population in this tissue (Waeber & Moskowitz,
1995; Boyland et al., 1996). An additional complication is the
lack of selectivity of the blocking compounds used, such that
partial blockade of 5-HT; receptors can occur, thereby
resulting in an underestimation of the S5-HT,; binding
component. This possibility has been discussed previously by
To et al. (1999).

A further potential complicating factor, relating to the
use of agonist radioligands, is that, if multiple agonist
affinity states of the receptor are present, only a fraction of
the total 5-HT; receptor population may be labelled. In
order to avoid this possibility, Hemedah ez al. (1999) have
recently reported the use of an antagonist radioligand, [*H]-
mesulergine, to label 5-HT; receptors in rat brain and
guinea-pig ileum. However, [*H]-mesulergine is a non-
selective 5-HT; receptor antagonist and the studies of
Hemedah er al. were carried out in the presence of a
variety of blocking agents, namely, cinanserin, RS-102221,
raclopride, prazosin and yohimbine, to inhibit [*H]-mesu-
lergine binding to 5-HT54, 5-HT,¢, dopamine D,, alpha, and
alpha, receptors respectively.

There is, therefore, a need for a selective, antagonist
radioligand to aid characterization of 5-HT, receptors in
both recombinant and native tissues. SB-269970-A ((R)-3-
(2-(2-(4-Methyl-piperidin-1-yl)ethyl)-pyrrolidine-1-sulphonyl)-
phenol), an analogue of SB-258719 (Forbes et al., 1998), has
recently been identified and shown to be a potent 5-HT,
receptor antagonist (Lovell er al., 2000; Thomas et al.,
1999b; Hagan et al., in press), displaying at least 100 fold
selectivity versus all other 5-HT receptor subtypes except the
human 5-HTs, receptor (50 fold, Lovell et al, 2000).

SB-269970-A has therefore been tritiated (specific activity
49 Ci mmol~") and the present study was carried out in
order to characterize [°’H]-SB-269970 binding to the human
cloned 5-HT,, receptor expressed in HEK293 cells (h5-
HT,./293) and guinea-pig brain 5-HT,; receptors in
comparison with the profile for [PH]-5-CT binding. These
data have been presented previously in abstract form (Price
et al., 1999; Atkinson et al., 1999).

Methods
Radioligand binding to h5-HT7.,)/293 membranes

For investigation of [*H]-5-CT and [*H]-SB-269970 binding to
h5-HT7,)/293 membranes, washed cell membranes were
prepared from HEK293 cells stably expressing the human
cloned 5-HT,, receptor using the method described by
Thomas et al. (1998). Membranes (810 ug protein tube™")
were incubated in Tris HCI buffer (50 mMm, pH 7.4 at 37°C)
containing CaCl, (4 mM), pargyline (0.1 mM) and ascorbic
acid (1 mm). MgCl, (5 mM) was also included for experi-
ments to investigate the effect of guanosine-5-O-(3-thiotri-
phosphate) (GTPyS) and 5'-guanylylimidodiphosphate
(GppNHp) on binding. For [PH]-SB-269970 association rate
studies, incubation was carried out in the presence of [*H]-
SB-269970 (1 nM) for between 0 and 100 min in the absence
(total binding) or presence (non-specific binding) of 10 uM 5-
HT. Dissociation of [*H]-SB-269970 was initiated by addition
of 10 uM methiothepin and specific binding measured from 0
to 100 min. For saturation experiments, h5-HT,,)/293
membranes were incubated (60 min, 37°C) with 0.05—-5 nM
[PH]-5-CT or 0.1-12 nM [*H]-SB-269970. For competition
studies, membranes were incubated (60 min, 37°C) with
0.5 nM [*H]-5-CT or 1 nM [*H]-SB-269970 in the absence or
presence of test compounds. For both saturation and
competition experiments, non-specific binding was defined in
the presence of 10 um 5-HT. Incubation was stopped by
rapid filtration through Whatman GF/B grade filters (pre-
soaked with 0.3% polyethyleneimine) followed by 5x 1 ml
ice-cold buffer washes. Bound radioactivity was determined
by liquid scintillation counting.

Radioligand binding to guinea-pig cerebral cortex
membranes

Guinea-pigs (male, Dunkin Hartley, 300—450 g) were killed by
cervical dislocation, and cerebral cortices removed and
homogenized (Polytron, 15 s, setting 5) in 20 volumes (based
on wet weight of tissue) of 50 mMm Tris (pH 7.4 at 37°C)
containing 0.5 mM EDTA. Following centrifugation
(50,000 x g, 12 min 4°C) and resuspension in the same
medium, the membranes were incubated at 37°C for 20 min.
After three further centrifugation and resuspension steps,
membranes were stored at —80°C prior to use. Membranes
(4055 ug protein tube~!') were incubated in Tris HCI buffer
(50 mm, pH 7.4 at 37°C) containing CaCl, (4 mm), MgCl,
(5 mMm), pargyline (0.1 mM) and ascorbic acid (0.5 mm). [*H]-
5-CT and [*H]-SB-269970 saturation and competition binding
studies using guinea-pig cortical membranes were performed as
for the human cloned 5-HT,, receptor binding studies, except
that for [*H]-5-CT binding, WAY 100635 (1 uM) (Fletcher et
al., 1996) and GR-127935 (10 um) (Skingle et al., 1995) were
included to inhibit binding to 5-HT,5 and 5-HT,3/5—HTp
receptors respectively. Non-specific binding was defined in the
presence of 10 um 5-HT.
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Data analysis

Analysis of both saturation and kinetic data was performed by
non-linear curve fitting using KELL (Biosoft). Saturation
binding data were analysed according to the equation:

= Braii [F]
Bl = max (i) -
Bl =2 Ky + [F]

(i)=1

+N[F]

where [Br]=total observed binding, and N is the ratio of
bound/free at infinite free concentration. This curve-fitting
procedure provided estimates for K, (equilibrium dissociation
constant) and B,,.. (maximal binding density) for each
radioligand, while kinetic analysis of [*H]-SB-269970 binding
provided estimates for the observed association (K,,) and
dissociation rate constants. These were in turn used to derive
values for the association rate constant and K,. The
concentration of drug inhibiting specific [*H]-5-CT or [*H]-
SB-269970 binding by 50% (ICsy) and Hill coefficient (ny) was
determined by iterative curve fitting (Bowen & Jerman 1995).
pK; values (—log of the inhibition constant) were then
calculated from the ICs, values as described by Cheng &
Prusoff (1973). Correlation plots were analysed by linear
regression (Grafit, Erithacus Software). Data represent the
mean +s.e.mean of at least three separate experiments each
performed using duplicate (inhibition experiments) or tripli-
cate (saturation and kinetic experiments) determinations.

Drugs

5-hydroxytryptamine HCIl (5-HT), 5-carboxamidotryptamine
(5-CT), 8-hydroxy-dipropylaminotetralin (8-OH-DPAT), ris-
peridone, methiothepin mesylate, mesulergine HCI, clozapine,
ketanserin tartrate, ritanserin, mianserin hydrochloride, pindo-
lol, guanosine-5'-O-(3-thiotriphosphate) (GTPyS) and 5'-gua-
nylylimidodiphosphate (GppNHp) were obtained from Sigma-
Aldrich (Poole, U.K). SB-258719 ((R)-3,N-Dimethyl-N-[1-
methyl-3-(4-methylpiperidin-1-yl)propyl]benzene-sulphonamide),
SB-269970-A  ((R)-3-(2-(2-(4-methyl-piperidin-1-yl)ethyl)-pyr-
rolidine-1-sulphonyl)-phenol), GR 127935 and WAY 100635
were synthesized at SmithKline Beecham (Harlow, U.K.). [*H]-
5-CT was obtained from Amersham (U.K.). [’H]-SB-269970
was obtained from the Synthetic Isotope Chemistry Unit,
SmithKline Beecham (Upper Merion, U.S.A.). Stock drug
solutions were prepared fresh on the day of assay in DMSO (the
final assay concentration of DMSO not exceeding 0.4%). Drug
dilutions were prepared in 5 mM Tris buffer (pH 7.4 at 37°C)
containing 0.5 mM ascorbic acid.

Results

Association and dissociation kinetics of [*H ]-SB-269970
binding to h5-HT;,)/293 membranes

[*H]-SB-269970 (1 nM) showed full association with h5-HT,/
293 membranes after 40 min (Figure 1a). Specific binding at
equilibrium represented >90% of total binding and was fully
reversible by methiothepin (10 uM), with full dissociation
occurring by 100 min (Figure 1b). The profile of association
and dissociation of [*H]-SB-269970 was consistent with
interaction with a single population of binding sites in the h5-
HT; /293 membranes. The association (k) and dissociation
(k_,) rate constants were 0.049+0.003 nM ' min~' and
0.050+0.003 min~' respectively (mean data from three experi-
ments), giving a K (k_;/k) of 1.04+0.1 nM, comparable to
that derived from saturation analysis (see below).

Saturation analysis of [>H]-SB-269970 and [*H]-5-CT
binding to h5-HT;.,)/293 membranes

[*H]-SB-269970 (0.1 10 nM) bound saturably and apparently
monophasically to h5-HT7)/293 membranes, giving a Kp
value of 1.254+0.05 nm (Table 1). Consistent with this,
statistical analysis of the saturation binding data (using
KELL) did not significantly favour a multi-site versus a
single-site interaction. Figure 2a, b shows saturation binding

% of maximal binding

time (min)

% of maximal binding

time (min)

Figure 1 Kinetics of association (a) and dissociation (b) of 1 nm
[*H]-SB-269970 binding to h5-HT;/293 membranes. Dissociation was
initiated by addition of 10 uM methiothepin. Data points represent
the mean+s.e.mean of three separate experiments each performed
using triplicate determinations.

Table 1 Kp and B, values from saturation analysis of
[*H]-5-CT and [*H]-SB-269970 binding to h5-HT7,/293 and
guinea-pig cerebral cortex membranes

[’H]-5-CT [>H]-SB-269970
max max
Kp (fmoles mg Kp (fmoles mg
Tissue (nM)  protein~!)  (nM)  protein~!)

h5-HT;(a)/293
Guinea-pig cortex

0.42+0.04 61904+940 1.254+0.05 5780+ 380
0.67+0.12 143419 1.7440.32 125+8.2

Kp (equilibrium dissociation constant) and By, (maximal
binding density) values were calculated from saturation
analysis of [*H]-5-CT (0.05-5 nm) and [*H]-SB-269970
(0.1-12 nm) binding to h5-HT;,)/293 and guinea-pig
cerebral cortex membranes. Data represent the mean+
s.eemean of at least three separate experiments each
performed using triplicate determinations.

British Journal of Pharmacology, vol 130 (2)



412 D.R. Thomas et al

[3H]-SB-269970 radiolabels 5-HT; receptors

data for [PH]-SB-269970 (and a Scatchard plot of the same
data) from a typical experiment repeated twice. [*H]-5-CT
(0.5—5 nM) also bound saturably and apparently monophasi-
cally to h5-HTj(,)/293 membranes, with a K, of 0.42+0.04 nM
(Table 1, data not shown). The B, for [*H]-SB-269970
(5.84+0.4 pmoles mg protein—', Table 1) was similar to that
for [*H]-5-CT (6.240.2 pmoles mg protein~'), suggesting that
both radioligands labelled the same receptor population. The
similar B, values also suggested that most sites labelled
appeared to be present in the agonist high affinity state.
However, the stable GTP analogue, GTPyS (10 nM— 100 uMm),
produced only a weak inhibition of (0.5 nm) [*H]-5-CT binding
to h5-HT,,)/293 membranes (9.0 4+ 3.7% inhibition at 100 uM)
and had no effect on (1 nm) [*H]-SB-269970 binding to h53-
HT,,)/293 membranes (Figure 5a). Consistent with these data,
the GTP analogue GppNHp (0.1-100 uMm) failed to sig-
nificantly inhibit [*H]-5-CT binding (3.642.1 inhibition at
100 um) and did not affect [*H]-SB-269970 binding to h5-
HT;)/293 membranes (data not shown). In contrast, under
the same assay conditions, (1 nM) [?’H]-5-CT binding to h5-
HT,;3/CHO cell membranes (Watson et al., 1996) was
markedly inhibited by both GTPyS (51 +2% inhibition at
100 um) and GppNHp (46+0.8% inhibition at 100 uMm),

a O Total
] @ Specific

A Non-specific

Bound (fmoles mg™' protein)

0 2 4 6 8 10 12
[FH]-SB-269970 (nM)

Bound/Free (pmoles mg™ nM™")

0 1 2 3 4 5
Bound (pmoles mg protein-')

Figure 2 (a) Saturation analysis of [°H]-SB-269970 binding to h5-
HT7/293 membranes. Data points show total binding, non-specific
binding (defined in the presence of 10 um 5-HT) and specific binding,
calculated by subtracting non-specific binding from total binding.
Data are from a typical experiment performed using triplicate
determinations and repeated twice (n=3). (b) Scatchard plot (bound
in pmoles mg protein~' versus bound/free (pmoles mg protein~
nM 1) of the specific binding data shown in (a).

confirming that the assay conditions used in the present study
were suitable for detecting guanine nucleotide-induced inhibi-
tion of agonist binding.

Saturation analysis of [>H]-SB-269970 and [*H]-5-CT
binding to guinea-pig cerebral cortex membranes

[’H]-SB-269970 (0.1—10 nM) bound saturably and apparently
monophasically to guinea-pig cortex membranes. Consistent
with this profile, statistical analysis of the saturation binding
data (using KELL) significantly favoured a single site versus a
multi-site interaction. Figure 3a, b shows saturation binding
data for [*H]-SB-269970 (and Scatchard plot of the same data)
from a typical experiment repeated twice. Specific binding
defined by the presence of 10 uM 5-HT represented 50 —60% of
total binding at a [*’H]-SB-269970 concentration of 1 nMm. The
K, of 1.740.3 nM was similar to that determined at the human
cloned 5-HTj, receptor (Table 1). In the presence of WAY
100635 and GR 127935, [’H]-5-CT also bound saturably and
apparently monophasically to guinea-pig cortex, with a K, of
0.67+0.12 nM (Table 1, data not shown). The B, for [*H]-
SB-269970 binding to guinea-pig cortex membranes was
similar to that determined for [*H]-5-CT (125+8.2 and
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200 -

150 -

100 A

Bound (fmoles mg™ protein)

50 +

T T T T T T T T 1

0 2 4 6 8 10 12 14
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Figure 3 (a) Saturation analysis of [PH]-SB-269970 binding to
guinea-pig cerebral cortex membranes. Data points show total
binding, non-specific binding (defined in the presence of 10 um 5-
HT) and specific binding, calculated by subtracting non-specific
binding from total binding. Data are from a typical experiment
performed using triplicate determinations and repeated twice (n=3).
(b) Scatchard plot (bound in pmoles mg protein~' versus bound/free
(pmoles mg protein~' nM~ ")) of the specific binding data shown in

(a).
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143+19 fmoles mg protein~' respectively), consistent with
both radioligands labelling the same receptor population and
suggesting that, as seen for the human cloned 5-HT;y
receptor, most sites labelled appeared to be in the agonist
high affinity state. However, as seen for the h5-HT;)/293
binding studies, GTPyS (10 nM—100 uM), produced only a
weak inhibition of (0.5 nm) [*H]-5-CT binding to guinea-pig
cortex membranes (11+3.2% inhibition at 100 uM) and had
no effect on (1 nMm) [PH]-SB-269970 binding (Figure 5b).
Similarly, GppNHp (0.1-100 uMm) produced a marginal
inhibition of [*H]-5-CT binding (8.1+4.8% inhibition at
100 um) and did not affect [*H]-SB-269970 binding to
guinea-pig cortex membranes (data not shown).

Pharmacological characterization of [>H ]J-SB-269970
and [?H]-5-CT binding to h5-HT5,,)/293 and guinea-pig
cerebral cortex membranes

The pharmacological profile of [*H]-SB-269970 (1 nMm) and
[*H]-5-CT (0.5 nM) binding to both h5-HT,,,/293 and guinea-
pig cerebral cortex membranes was investigated using a range
of 5-HT, receptor agonists and antagonists. Figure 4a shows
representative inhibition curves for displacement of [*H]-SB-
269970 binding to h5-HT,,)/293 membranes. The profile of
inhibition of [*H]-SB-269970 binding to h5-HT;,,/293 mem-

a
) ® 5CT
100
| O SB-269970-A
o 80 N 5-HT
E ] O Mesulergine
S 60+ .
= A Clozapine
5 ]
& 40 -
® _
20
0 T
-1 -10 -9 -8 -7 -6 -5 -4
log [drug] (M)
b
1 e 5CT
100 ~
O SB-269970-A
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9 1 0 Mesulergine
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o
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Figure 4 Inhibition of 1 nm [*H]-SB-269970 binding to (a) h5-
HT7)/293 membranes and (b) guinea-pig cortex membranes, by 5-
CT, SB-269970-A, 5-HT, mesulergine and clozapine. Data points
represent the mean+s.e.mean of at least three separate experiments
each performed using duplicate determinations. Results are expressed
as per cent of specific binding where non-specific binding was defined
using 10 um 5-HT.

branes correlated well (correlation coefficient 0.98) with that
for [*H]-5-CT binding (Table 2, Figure 6) and was consistent
with that reported previously for the h5-HT5,, receptor (Bard
et al., 1993; Thomas et al., 1998). SB-269970-A potently
inhibited ["H]-SB-269970 binding to h5-HT+,/293 membranes,
displaying a pK; of 8.61+0.10. For the majority of
compounds, Hill slopes for inhibition of both [*H]-SB-269970
and [’H]-5-CT binding to 5-HTj(,)/293 membranes were close
to 1. The Hill slope for 5-CT inhibition of [*H]-SB-269970
binding was slightly less than 1 (0.82+0.04). However, Hill
slopes for inhibition of [*H]-SB-269970 and [*H]-5-CT binding
by all other agonists tested were close to 1 and for each
radioligand, the overall inhibitory profile appeared consistent
with binding to a single population of receptors.

As seen in the human 5-HT5,)/293 recombinant system, the
profile of inhibition of [*H]-SB-269970 (1 nMm) binding to
guinea-pig cerebral cortex membranes correlated well with that
for [*H]-5-CT (0.5 nMm) binding (correlation coefficient 0.98)
(Table 2 and Figure 7). Figure 4b shows representative
inhibition curves for displacement of [*H]-SB-269970 binding
to guinea-pig cortex membranes. The profile seen for both
[PH]-SB-269970 and [*H]-5-CT binding was consistent with
that reported previously for the guinea-pig brain 5-HT,
receptor (e.g. To et al., 1995; Thomas et al., 1999a). In
addition, for both agonists and antagonists Hill slopes for

a
100 - H*:Q:Hﬂ
2 80 -
T© J
c
O
o 607 O [PHF5-CT
= | e
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O\O 4
20 |
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-9 -8 7 6 -5 -4
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b
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° ]
£
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= |
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Figure 5 Effect of GTPyS (1 nM to 100 um) on 0.5 nM [*H]-5-CT
and 1 nM [PH]-SB-269970 binding to (a) h5-HT7,)/293 membranes
and (b) guinea-pig cortex membranes. Data points represent the
meants.emean of at least three separate experiments each
performed using duplicate determinations. Results are expressed as
per cent of specific binding where non-specific binding was defined
using 10 um 5-HT.
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Table 2 Potency of compounds to inhibit [’H]-5-CT and [*H]-SB-269970 binding to human 5-HT7(,)/293 and guinea-pig cortex

membranes
Human 5-HT,) Guinea-pig cortex
[*H]-5-CT [*H]-SB-269970 [PH]-5-CT [>H]-SB-269970

Compound PK; ny PK; ny pK; ny PK; ny
Agonist

5-CT 9.13+0.08 1.034+0.20 8.86+0.15 0.82+0.04 8.80+0.17 0.97+0.03 8.79+0.15 1.144+0.21

5-MeOT 8.06+0.12 1.07+0.06 8.22+0.07 0.93+0.07 8.17+0.13 1.10+0.24 8.42+0.18 1.15+0.15

S5-HT 8.21+0.08 0.96+0.09 8.10+0.19 1.04+0.07 7.98+0.18 0.89+0.11 8.25+0.22 0.95+0.08

8-OH-DPAT  6.58+0.05 1.0740.06 6.94+0.08 0.90+0.06 6.57+0.18 1.25+0.11 6.79+0.14 0.98+0.16

Sumatriptan 5.8240.22 1.07+0.14 5.91+0.07 1.02+0.09 6.19+0.27 1.184+0.10 5.894+0.04 1.1940.20

Cisapride 5.534+0.17 1.214+0.43 5.14+0.19 1.024+0.46 5.06+0.27 - 5.524+0.15 -
Antagonists

SB-269970-A  8.854+0.06 1.04+0.05 8.61+0.10 0.97+0.05 8.29+0.21 1.18+0.11 8.74+0.06 0.89+0.06

Methiothepin ~ 8.49+0.14 1.1940.09 8.41+0.08 1.00+0.08 7.4040.06 1.254+0.17 7.67+0.13 1.154+0.12

Risperidone 8.144+0.08 1.1740.24 7.84+0.10 1.07+0.08 7.3340.17 1.114+0.21 8.05+0.16 1.304+0.35

SB-258719 7.47+0.03 1.13+0.09 7.48+0.02 1.2940.09 7.15+0.08 1.1940.09 7.56+0.17 1.2540.07

Mesulergine 7.45+0.17 1.25+0.17 7.63+0.06 1.104+0.10 6.85+0.18 1.09+0.09 7.26+0.22 1.034+0.05

Clozapine 7.054+0.07 1.384+0.12 6.83+0.12 1.41+0.08 6.504+0.10 1.06+0.03 6.94+0.07 1.1740.33

Ritanserin 6.94+0.06 1.38+0.25 7.12+0.12 1.324+0.28 6.55+0.09 1.05+0.09 6.74+0.02 1.04+0.17

Mianserin 6.72+0.21 1.184+0.07 6.89+0.10 1.134+0.13 6.56+0.10 1.01+0.16 6.76+0.14 1.28+0.31

WAY 100635  6.40+0.19 1.01+0.08 6.09+0.03 1.274+0.10 - - 5.80+0.15 -

Ketanserin 6.01+0.19 1.07+0.18 5.724+0.13 0.92+0.22 5.44+0.13 1.0740.08 5.754+0.16 -

GR 127935 5.8440.02 1.31+0.28 5.82+0.12 1.304+0.04 - - <5 -

Pindolol - - - - <5 - <5 -

pK; (—log inhibition constant) values from [*H]-5-CT and [*H]-SB-269970 binding experiments. Data are the mean +s.e.mean from at
least three separate experiments each performed using duplicate determinations.
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Figure 6 Correlation plot of drug potencies (expressed as pKj;
values as shown in Table 1) to inhibit [*’H]-5-CT and [*H]-SB-269970
binding to h5-HT,/293 membranes. Data points shown are for
agonists and antagonists. The correlation plot gave a slope of 0.99
and correlation coefficient of 0.98.

inhibition of both [*H]-SB-269970 and [*H]-5-CT binding were
close to 1 (Table 2), consistent with binding to a single
population of receptors. The pharmacological profile of
binding of [*H]-SB-269970 and [*H]-5-CT to 5-HTy,,/HEK293
membranes was similar to the corresponding profile seen for
guinea-pig cortex membranes (Table 2), suggesting that both
human recombinant and guinea-pig native 5-HT, receptors
display a similar pharmacological profile using either [*H]-SB-
269970 or [*H]-5-CT.

Discussion

5-HT; receptor binding studies in recombinant and native
tissues have, to date, utilized a number of non-selective,
agonist radioligands, including [*H]-5-HT and [*H]-5-CT.
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Figure 7 Correlation plot of drug }gotencies (expressed as pKj;
values as shown in Table 1) to inhibit [*’H]-5-CT and [*H]-SB-269970
binding to guinea-pig cerebral cortex membranes. Data points shown
are for agonists and antagonists. The correlation plot gave a slope of
0.92 and correlation coefficient of 0.98.

These studies have provided useful information on both the
pharmacological profile and native tissue localization of 5-HT,
receptors. However, the use of non-selective radioligands has,
in a number of studies, resulted in labelling of multiple binding
sites and in all studies to date, has required the use of blocking
drugs to mask binding to non-5-HT; sites. There has therefore
been a need for a selective 5-HT; receptor radioligand to aid
investigation of 5-HT; receptors in native and recombinant
tissues. In the present study we have characterized the binding
of the selective 5-HT, receptor antagonist radioligand, [*H]-
SB-269970, to both human cloned and guinea-pig native 5-HT,
receptors.

Specific [*H]-SB-269970 binding to well-washed membranes
prepared from HEK293 cells stably expressing the human
cloned 5-HT;, receptor (h5-HT5)/293 membranes) was
reversible, saturable, of high affinity and represented approxi-

British Journal of Pharmacology, vol 130 (2)



D.R. Thomas et al

[3H]-SB-269970 radiolabels 5-HT; receptors 415

mately 90% of total membrane binding (at 1 nm [*H]-SB-
269970). Saturation analysis of the [*H]-SB-269970 binding
data revealed an apparently monophasic binding profile with a
Kp of 1.25 nM, similar to the K, derived from analysis of [*H]-
SB-269970 association and dissociation kinetics (1.0 nM). [*H]-
5-CT also bound saturably and apparently monophasically to
h5-HT7(,)/293 membranes, with a slightly higher binding
affinity (K 0.42 nM) compared to [*H]-SB-269970. The B,,.«
for [PH]-SB-269970 (5.8 + 0.4 pmoles mg protein~') was similar
to that for [’H]-5-CT (6.240.2 pmoles mg protein~'), suggest-
ing that both radioligands appeared to be labelling the same
receptor population in h5-HT7,)/293 membranes. The similar
B...x also suggested that the majority of receptors were present
in a high agonist affinity, presumably G-protein-coupled state.
However, GTPyS (10 nMm—100 uMm), which would be predicted
to induce receptor-G-protein uncoupling, with a consequent
loss of the agonist high affinity state, did not alter the level of
either [’H]-5-CT or [*H]- SB-269970 binding, producing only a
marginal inhibition of [*H]-5-CT binding at the highest
concentration tested (100 um). Similarly, GppNHp did not
markedly inhibit [*H]-5-CT binding to h5-HT,,/293 mem-
branes. In contrast, a marked inhibition by both GTPyS
(100 um) and GppNHp (100 um) of [*H]-5-CT binding to h5-
HT,;3/CHO cell membranes could be detected (data not
shown), confirming that the assay conditions used in the
present study were suitable for detecting guanine nucleotide-
induced effects on agonist binding. Consistent with the lack of
a marked effect of guanine nucleotides on [*H]-5-CT binding to
h5-HT7,)/293 membranes, it has previously been reported that
the rate of [**S]-GTPyS binding to h5-HT5,)/293 membranes is
unaltered in response to 5-HT; receptor stimulation (Thomas
et al., 1998). However, 5-HT, receptor agonist-mediated
stimulation of adenylyl cyclase activity can be measured in
h5-HT7,)/293 membranes, suggesting that the 5-HT; receptor
couples to G in this system (Thomas et al., 1998). It is possible
therefore, that the receptor is present in a high agonist affinity,
G protein-coupled state, which is relatively resistant to guanine
nucleotide-induced uncoupling under the assay conditions
used. Studies are ongoing to further investigate these findings.

Pharmacological characterization of [*H]-SB-269970 bind-
ing to h5-HT5.,)/293 membranes revealed that drug potencies
to inhibit [*H]-SB-269970 binding correlated well with the
corresponding potencies to inhibit [*H]-5-CT binding. For
example, 5-CT, SB-269970-A and risperidone potently in-
hibited binding, whereas 8-OH-DPAT and ketanserin were
weaker inhibitors of binding. For the majority of test
compounds, Hill slopes for inhibition of both [*H]-SB-269970
and [*H]-5-CT binding to 5-HTy(,)/293 membranes were close
to 1. The Hill slope for 5-CT inhibition of [*H]-SB-269970
binding was slightly less than one (0.82+0.04), which could
reflect the presence of multiple agonist affinity states of the h5-
HT;q, receptor. However, this possibility appears unlikely
since Hill slopes for inhibition of [*’H]-SB-269970 binding by all
other agonists tested were close to 1. In addition, as already
discussed, the similar B, values seen for [*’H]-SB-269970 and
[*H]-5-CT binding to h5-HT)/293 membranes appears to
suggest that the majority of receptors are present in a high
agonist affinity, presumably G protein-coupled state. The
overall pharmacological profile, for both [*H]-SB-269970 and
[*H]-5-CT binding to h5-HT5,)/293 membranes, was consistent
with binding to 5-HT; receptors, and consistent with the
profile reported previously for the h5-HT,, receptor (Bard et
al., 1993; Thomas et al., 1998).

[*H]-SB-269970 (0.1 10 nM) binding to guinea-pig cerebral
cortex membranes displayed a similar profile to that seen for
the human cloned receptor, being saturable and of high

affinity. Saturation analysis of the [PH]-SB-269970 binding
data also revealed an apparently monophasic binding profile
with a B, of 125+8.2 fmoles mg protein~' and K, of
1.7+0.3 nM, similar to that determined at the human cloned
5-HT,, receptor. Specific binding was somewhat lower than
that at the human cloned receptor, representing 50—60% of
total binding at 1 nM [*H]-SB-269970. For comparison, [*H]-5-
CT binding to guinea-pig cortex membranes was carried out in
the presence of WAY-100635 (1 uM) and GR-127935 (10 um),
to inhibit binding to 5-HT,, and 5-HTg/,p receptors
respectively. As seen for [PH]-SB-269970, [*H]-3-CT bound
saturably and apparently monophasically to guinea-pig cortex
membranes, with a K, of 0.674+0.12 nM. The B, for [*H]-5-
CT binding (143419 fmoles mg protein~') was similar to that
for [PH]-SB-269970. This suggested that, as seen for the human
recombinant receptor, most sites labelled appeared to be
present in an agonist high affinity state. However, also
consistent with the human recombinant studies, neither
GTPyS, nor GppNHp (at concentrations up to 100 um)
markedly altered the binding of [*'H]-5-CT or [*H]-SB-269970
to guinea-pig cortex membranes. The lack of a clear effect of
guanine nucleotides on agonist binding could be explained if,
in both the recombinant and native tissue systems, the 5-HT;
receptor is present in a low agonist affinity, G-protein
uncoupled state. However, this explanation appears unlikely,
since pK; values for agonists in the present study are
comparable or higher than their corresponding pECs, values
determined in 5-HT; receptor functional studies (Thomas et
al., 1998; 1999a), the latter presumably reflecting interaction
with receptors in a high agonist affinity, G protein-coupled
state.

The profile of inhibition of [*H]-SB-269970 binding to
guinea-pig cerebral cortex membranes by standard agonists
and antagonists correlated well with that seen for [*H]-5-CT
binding and was consistent with the receptor binding profile
reported previously for 5-HT; receptors in guinea-pig cortex
(To et al., 1995; Boyland et al., 1996). Hill slopes for drug
inhibition of both [*H]-SB-269970 and [*H]-5-CT binding were
close to 1, consistent with binding to a single population of
receptors in this tissue. However, pK; values for antagonists,
determined using [*HJ-5-CT, were slightly lower than those
determined using [*H]-5-CT at the human cloned receptor. To
et al., (1995), who also reported differences in drug potencies to
inhibit [*’H]-5-CT binding between recombinant and native
tissue, suggested that this may result from the use of an agonist
radioligand, reflecting differences in coupling efficiency
between cloned and native receptors. The data in the present
study support this explanation, since absolute drug potencies
to inhibit binding of the antagonist radioligand [*H]-SB-
269970 to h5-HT,,)/293 and guinea-pig cortex membranes
were similar. Furthermore, the similar pharmacological profile
for [*H]-SB-269970 binding to h5-HT,,,/293 and guinea-pig
cortex membranes is consistent with previous reports that
human recombinant and guinea-pig native 5-HT; receptors
display a similar pharmacological profile (Boyland et al., 1996;
Tsou et al., 1994).

The density of 5-HT; receptors in guinea-pig cortex,
determined in the present study using either [*H]-SB-269970
or [PH]-5-CT, is somewhat higher than that reported
previously by To et al. (1995) using [*'H]-5-CT, who reported
a B of 69 fmoles mg protein~' in this tissue. This difference
could be explained by the different combination of blocking
drugs used by To et al. who used 1 uM (—)-cyanopindolol and
1 uM sumatriptan to inhibit [*H]-5-CT binding to 5-HTa/ip/ip
receptors. As discussed by To ez al. (1995) this combination of
blocking drugs could produce a partial blockade of 5-HT,
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sites, resulting in an underestimation of the maximal binding
density. In contrast, it is likely that the B,,., of 125 fmoles mg
protein~!, determined in guinea-pig cortex using [*H]-SB-
269970, represents an accurate estimate of the density of 5-
HT; receptors in this tissue. In human clonal cell lines, SB-
269970 displays at least 100 fold selectivity for 5-HT; receptors
versus other 5-HT receptor subtypes, apart from the 5-HTs,
receptor (50 fold selective) and in addition, in a commercial
screening package (Cerep), displayed at least 100 fold
selectivity for the human 5-HT;, receptor versus a total of
50 other receptors, enzymes or ion channels (Lovell et al.,
2000). Furthermore, although the density of 5-HTs, receptors
in guinea-pig brain has not been reported, previous studies in
other species suggest that, if the 5-HTs, receptor is present in
guinea-pig brain, the density is likely to be low (Rees et al.,
1994; Grailhe et al., 1999). It is therefore unlikely that [*H]-SB-
269970 would label the 5-HT;, receptor (or other non-5-HT;
receptor sites) under the assay conditions used in the present
study. This conclusion is supported by the finding that SB-
258719, which displays a low affinity for the human 5-HTs,
receptor (pK; 5.0, unpublished observation), in the present
study, completely inhibited [*H]-SB-269970 binding to guinea-
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