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Introduction: The serotonergic system is widely present in all regions of the central nervous system (CNS) and
plays a keymodulatory role inmany of its functions. Positron emission tomography (PET) is used to study several
serotonin receptors in CNS in vivo. The G-protein coupled receptor 5-HT1B ismostly present in the occipital cortex
and inmidbrain and is linked to several psychiatric disorders. There is evidence that agonist PET radioligands for
neuroreceptors aremore sensitive to endogenous neurotransmitters than antagonists. Our previously developed
5-HT1B receptor PET radioligand, [11C]AZ10419369, is now considered a partial agonist. In this work we are
aiming todevelop a full antagonist PET radioligand for imaging brain 5-HT1B receptors, and evaluate its sensitivity
to increased endogenous serotonin concentration.
Materials: [11C]AZ10419096 was synthesized by rapid methylation of the prepared corresponding N-desmethyl
precursor with [11C]methyl triflate. Five PETmeasurements were performed in cynomolgusmonkeys, consisting
of two at baseline, one after treatment of amonkeywith a 5-HT1B antagonist, AR-A000002, and two inwhich fen-
fluramine was administered during scanning to induce endogenous serotonin release.
Results and discussion: [11C]AZ10419096 was synthesized in high yield and purity within 30min, including puri-
fication, formulation and sterile filtration. The baseline PET measurements demonstrated [11C]AZ10419096 to
have favorable radioligand characteristics, including high specific binding in brain regions that have high 5-
HT1B density, such as occipital cortex and globus pallidus, as well as subsequent rapid elimination from brain
and a minor abundance of lipophilic radiometabolites in plasma. AR-A00002 completely blocked radioligand
receptor-specific binding. Fenfluramine produced a distinct displacement of radioligand consistent with an ex-
pected increase of synaptic endogenous serotonin concentration.
Conclusions: [11C]AZ10419096, a full 5-HT1B antagonist PET radioligand, demonstrates high specific binding in
monkey brain that is sensitive to competition from a known 5-HT1B antagonist as well as to putatively increased
endogenous serotonin levels.

Published by Elsevier Inc.

1. Introduction

The serotonergic (5-HT) system originates from the brain stem and
projects widely into the central nervous system (CNS). This system
has a keymodulatory role for several basic physiological brain functions
and is of major interest in research on the pathophysiology and treat-
ment of neuropsychiatric disorders, such as depression and anxiety
[1]. Each of the fourteen different 5-HT receptor subtypes has a distinct
distribution in brain. Given its implication in the treatment of depres-
sion and anxiety, the 5-HT1B receptor has long been pursued as a target

for drug development [2]. These efforts have led to the successful devel-
opment of [11C]AZ10419369 (KD= 0.44 nM) [3,4] and [11C]P943 (KD=
1.22 nM) [5,6] (Fig. 1), as the first effective radioligands for imaging of
the 5-HT1B receptor in the human brain with positron emission tomog-
raphy (PET).

An interesting application of PET in neuroscience research is the
non-invasive investigation of drug-induced changes in synaptic neuro-
transmitter concentrations [7]. Although this experimental paradigm
has been applied for several receptor systems, the fundamental prereq-
uisites for such studies at a molecular level remain to be fully under-
stood. In several studies of the neurotransmission systems that have
been examined so far the radioligands target primarily postsynaptic re-
ceptors, such as the antagonists [11C]raclopride and [11C]FLB 457 for the
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D2 dopamine receptor [8,9] and [11C]ORM-13070 forα2c-adrenoceptors
[10,11]. It has beenhypothesized that radioligands that dissociate rapid-
ly from the targeted receptor will exhibit greater sensitivity to changes
in endogenous neurotransmitter concentrations [12]. Agonists are gen-
erally expected to dissociate more rapidly than antagonists because of
the rapid G-protein decoupling expected on binding of a full agonist to
a G-protein coupled receptor; moreover, an agonist should only bind
to the sub-set of receptors that are G-protein coupled, whereas an an-
tagonist should bind to a receptor irrespective of whether it is actually
G-protein coupled [13]. For the dopaminergic system, agonist
radioligands, such as [11C]MNPA, have been foundmore sensitive to en-
dogenous neurotransmitter concentrations than antagonists, such as
[11C]raclopride [14,15]. We are interested in investigating if any such
difference can be observed for radioligands targeting G-protein-
coupled 5-HT1B receptors.

The 5-HT1B receptor is partly expressed presynaptically where it
serves as an autoreceptor regulating the release of serotonin. The 5-
HT1B receptor PET radioligand [11C]AZ10419369 has been shown to be
sensitive to the synaptic 5-HT concentration in NHP and humans
[12,16]. This ligand was originally described as a full antagonist, but
more recent in vitro data indicate that this ligand is a partial agonist
(KD = 0.44 nM, antagonist GTPγS effect 48%; agonist GTPγS effect
53.2%; 5-HT1B IC50: 50 nM).

In relation to this updated view of AZ10419369, we intended to ex-
plore how the intrinsic activity of a 5-HT1B PET radioligand affects sen-
sitivity to endogenous 5-HT. Thus, from a library of over 3000
compounds, we identified the 5-HT1B-specific high-affinity full antago-
nist AZ10419096 (KD = 0.13 nM, antagonist GTPγS effect 190%; 5-HT1B
IC50: 2 nM; 5-HT1A IC50: 686 nM; 5-HT1D IC50: 5 nM) as a prospective full
antagonist PET radioligand for the 5-HT1B receptor. The aim of the pres-
ent studywas to label AZ10419096with carbon-11 (t1/2=20.4min) for
preliminary evaluation as a PET radioligand for imaging of 5-HT1B-
receptor binding in the cynomolgus monkey brain.

2. Material and methods

2.1. General

Reference AZ10419096 was provided by AstraZeneca Pharmaceuti-
cals, Mölndal, Sweden. All other chemicals were obtained from com-
mercial sources and were used as received.

2.2. Chemistry

6-Fluoro-N-(3-fluoro-4-morpholinophenyl)-4-oxo-8-(piperazin-1-
yl)-4H-chromene-2-carboxamide ((N-desmethyl)AZ10419096).
AZ10419096 (50 mg, 0.10 mmol) was taken up in dichloroethane (5
mL) and 1-chloroethylchloroformate (22 mg, 0.15 mmol) was added.
The reaction mixture was then heated to reflux, stirred overnight and
then concentrated in vacuo. The intermediate product was isolated by

silica gel chromatography (2−7% MeOH in DCM). Fractions containing
the desired intermediate were pooled and concentrated in vacuo, and
then taken up in MeOH (5mL) and heated to reflux for 1 h. The solvent
was removed in vacuo to give the desired product (N-
desmethyl)AZ10419096; 17 mg, 0.036 mmol, 36%. 1H NMR (400.03
MHz, MeOD) δ: 7.66 (dd, 1H), 7.46 (m, 2H), 7.32 (dd, 1H), 7.09 (m,
2H), 3.86 (t, 4H), 3.54 (d, 8H), 3.09 (t, 4H). 13C NMR (151 MHz,
DMSO) δ 42.77, 47.08, 50.59 (J = 3.0), 66.14, 101.39 (J = 24.4),
108.80 (J = 25.7), 110.31, 111.26, 116.78, 119.08, 125.34, 132.58,
136.52 (J = 8.6), 143.10 (J = 9.7), 145.14, 154.14 (J = 243.7), 154.98,
157.89, 159.38 (J = 244.8), 177.05. HRMS (ESI+) m/z calculated
471.1838, found 471.1821. Product was analyzed with HPLC to confirm
absence of starting material.

2.3. Radiochemistry

[11C]Methane was prepared through the 14N(p,α)11C reaction by
bombarding a mixture of nitrogen and hydrogen (10%) gas with a
beam of 16.7 MeV protons produced from a biomedical cyclotron (GE
PETtrace; Uppsala, Sweden). [11C]Methane was converted into [11C]
methyl iodide by high temperature iodination in a gas-phase recircula-
tion system and subsequently transformed into [11C]methyl triflate, as
described previously [17,18]. [11C]AZ10419096 was obtained by trap-
ping [11C]methyl triflate in a solution of N-desmethyl AZ10419096
(0.1−0.3 mg) and sodium hydroxide (0.1 M, 6 μL) in acetone (400
μL) at room temperature (Fig. 2). The sealed reaction vial was left for 2
min. The reaction mixture was injected onto a reversed phased HPLC
column (ACE C-18; 250 × 10 mm; ACE) eluted with MeCN: HCO2NH4

(0.1 M) (40: 60 v/v) containing sodium ascorbate (0.01%) at 6 mL/
min. Eluate was monitored in series for absorbance at (254 nm) and ra-
dioactivity (Geiger–Müller tube). The fraction containing [11C]
AZ10419096 (tR=6−8min)was collected, evaporated to dryness, for-
mulated in saline (pH=6; 4−6mL), and finally filtered through a ster-
ile filter (0.22 μm; Millipore Millex®GV) into a sterile vial.

The radiochemical purity of the product was determined with re-
versed phase HPLC on an Advanced chromatography technologies Ltd
ACE 5 C18-HL column (C18, 3.9 Ø × 300 mm, 10 μm particle size),
with eluate monitored in series for absorbance at 254 nm and radioac-
tivity (β-flow detector; Beckman, Fullerton, CA). For the analysis, the
column was eluted at 3 mL/min with a gradient of 10−90% MeCN in
HCO2NH4 (0.1 M) for 10 min. [11C]AZ10419096 (tR of 6−7 min) was
identified by its co-mobility when coinjected with reference
AZ10419096.

The specific radioactivity (SA) of the final product was measured
with HPLC under the conditions described above for radiochemical
analysis. The UV absorbance (λ = 254 nm) response was calibrated
for mass of ligand and calculated as the radioactivity of the radioligand
(GBq) divided by the amount of the associated carrier substance (μmol).
Each sample was analyzed three times and compared to a reference
standard also analyzed three times.

Fig. 1. Structures of [11C]P943, [11C]AZ10419369 and [11C]AZ10419096. The KD value for P943 is taken from the NIMH Psychoactive Drug Screening Program, and those for AZ10419369
and AZ10419096 were provided by AstraZeneca.
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