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Abstract
Purpose Two allosteric modulators of the group I metabo-
tropic glutamate receptors (mGluR1 and mGluR5) were
evaluated as positron emission tomography (PET) radioligands
for mGluR1.
Methods LY2428703, a full mGluR1 antagonist (IC50

8.9 nM) and partial mGluR5 antagonist (IC50 118 nM), and
LSN2606428, a full mGluR1 and mGluR5 antagonist (IC50

35.3 nM and 10.2 nM, respectively) were successfully labeled
with 11C and evaluated as radioligands for mGluR1. The
pharmacology of LY2428703 was comprehensively assessed
in vitro and in vivo, and its biodistribution was investigated by
liquid chromatography-mass spectrometry/mass spectrometry,

and by PET imaging in the rat. In contrast, LSN2606428
was only evaluated in vitro; further evaluation was stopped
due to its unfavorable pharmacological properties and binding
affinity.
Results 11C-LY2428703 showed promising characteristics, in-
cluding: (1) high potency for binding to human mGluR1 (IC50

8.9 nM) with no significant affinity for other human mGlu
receptors (mGluR2 through mGluR8); (2) binding to brain
displaceable by administration of an mGluR1 antagonist; (3)
only one major radiometabolite in both plasma and brain, with
a negligible brain concentration (with 3.5 % of the total radio-
activity in cerebellum) and no receptor affinity; (4) a large
specific and displaceable signal in the mGluR1-rich cerebel-
lum with no significant in vivo affinity for mGluR5, as shown
by PET studies in rats; and (5) lack of substrate behavior for
efflux transporters at the blood–brain barrier, as shown by PET
studies conducted in wild-type and knockout mice.
Conclusion 11C-LY2428703, a new PET radioligand for
mGluR1 quantification, displayed promising characteristics
both in vitro and in vivo in rodents.

Keywords mGlu1 receptors . PET . Brain

Introduction

Metabotropic glutamate receptors (mGluRs) are a family of G
protein-coupled receptors classified into three groups based
on their sequence homology, type of signal transduction path-
way, and pharmacology [1]. Group I includes two receptors
that are structurally very similar: mGluR1 and mGluR5. Both
stimulate phospholipase C to hydrolyze phosphoinositide
phospholipids and mobilize intracellular calcium [2]. Several
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studies have demonstrated that mGluR1 is involved in spatial
and associative learning [3], as well as in regulating synaptic
plasticity in the hippocampus and cerebellum [4]. mGluR1
has also been linked to the pathophysiology of several neuro-
logical and psychiatric disorders, such as Parkinson’s disease,
Huntington’s disease, stroke, epilepsy, anxiety and stress dis-
orders, drug and alcohol addiction, and pain (see [4] for a
review). In vivo quantification with an appropriate radioligand
would help clarify the role of mGluR1 in these diseases, which
may lead to the development of new therapies.

While different imaging compounds for mGluR5 have
been synthesized and tested in vivo in both animals and
humans [5–7], a detailed study of mGluR1 has hitherto been
hindered by the lack of high-affinity and selective ligands
for this receptor subtype. A handful of potential mGluR1
ligands have been described in the literature [8–14] but, in
vivo, only some of these have shown promising character-
istics in animal models. Therefore, there is a considerable
unmet need to develop radioligands capable of selectively
imaging glutamate receptors in the living brain, so that the
role of these receptors in health and neuropsychiatric disor-
ders can be better elucidated. Such radioligands may them-
selves become useful for drug discovery and assessment of
the efficacy of neuropsychiatric therapies and treatments.

We describe here the synthesis and evaluation of two
potential candidate radioligands—11C-LY2428703 and
11C-LSN2606428—that act as antagonists for mGluR1.
11C-LY2428703 was extensively evaluated in vitro and
in vivo using liquid chromatography–mass spectrometry/mass
spectrometry (LC-MS/MS) biodistribution studies and posi-
tron emission tomography (PET) imaging in rodents. These
studies showed that 11C-LY2428703 has promising character-
istics as a candidate radiotracer for mGluR1. 11C-LSN2606428
was abandoned after initial in vitro evaluation due to its less
favorable pharmacological properties and binding affinity
compared to 11C-LY2428703.

Materials and methods

Synthesis of both ligands and the radiolabeling methods are
described in the Supplementary material. The labeling
schemes and chemical structures of 11C-LY2428703 and
11C-LSN2606428 are given in Fig. 1.

In vitro experiments

The following in vitro evaluations were carried out:

1. Measurement of logD7.4 values in octanol for both 11C
ligands.

2. Pharmacological characterization of LY2428703 and
LSN2606428 by measuring the effects of each compound

on glutamate-evoked mobilization of intracellular calcium
from cells expressing the human mGlu1, mGlu2, mGlu3,
mGlu4, mGlu5, mGlu7, and mGlu8 receptors. Agonist
effects were quantified as the percentage stimulation in-
duced by the compound alone relative to the maximal
glutamate response. Antagonist effects were quantified
by calculating the percentage inhibition of the EC90 glu-
tamate response caused by the compound. Potentiation
effects were quantified as the percentage increase in the
presence of an EC10 response in glutamate relative to the
ECmax response.

3. Competition binding assays with 3H-LSN456066, a po-
tent and selective radioligand for mGluR1 [15] to test the
affinity of both ligands for the target across different
species (rat, monkey, and human).

On the basis of its unfavorable pharmacological properties
and binding affinity, further development of LSN2606428 as a
human PET imaging agent was stopped. Therefore, the
following in vitro analyses, as well as the subsequent in
vivo analyses, were conducted only with the more promising
LY2428703:

1. Metabolic stability in liver microsomes across species
(human, monkey, dog, rat, and mouse). Fast gradient
elution LC-ESI/MS with column switching was used to
estimate the percentage loss of a substrate following
phase I metabolism in hepatic microsomes over a 30-
minute incubation period.

2. Assay for P-glycoprotein (P-gp) substrate identification
using MDCK cells transfected with wild-type MDR1.

3. Screen for brain exposure with a calibrated mouse brain
uptake assay.

4. Plasma and brain unbound fractions, measured by equi-
librium dialysis.

5. In vitro stability of labeled LY2428703 in rat whole
blood and brain homogenate, using a radio high-
performance liquid chromatography (HPLC) analysis.

A detailed description of each in vitro procedure is pro-
vided in the Supplementary material.

Ex vivo experiments

Animals

Adult male Sprague-Dawley rats (Harlan Laboratories, Indi-
anapolis, IN) weighing approximately 230–300 g were
housed two or three per cage in rooms using a 12-h light/dark
cycle (lights on at 6 a.m.). Room temperature was maintained
at 21±3 °C. Rats had access to normal rat chow and water ad
libitum until the beginning of the 4-h experimental protocol.
Rats were permitted at least 2 days of acclimation to the
housing environment prior to testing. All studies were
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performed in accordance with the National Research Council
Guide under protocols approved by the Animal Care and Use
Committee of Eli Lilly and Company.

The following ex vivo evaluations were carried out:

1. Plasma and brain radiochromatographic profile, to de-
termine whether 11C-LY2428703 could cross the blood–
brain barrier.

2. LC-MS/MS rat brain kinetic analysis with nonlabeled
tracer.

3. Pharmacological validation of LY2428703 as an mGluR1
tracer using JNJ16259685, a selective mGluR1 antagonist.

4. mGluR1 and mGluR5 occupancy experiments to assess
in vivo selectivity of LY2428703.

A detailed description of each ex vivo procedure, along
with the methodology for tissue processing, LC-MS/MS
analysis and receptor occupancy calculations, is provided
in the Supplementary material.

In vivo experiments

PET imaging

Rats and mice were anesthetized with 1.5 % isoflurane in
oxygen and were injected with a bolus of 11C-LY2428703
in a tail vein using an automated pump. PET brain imag-
ing studies were carried out with a Focus 120 or Focus
220 animal scanner (Siemens Medical Solutions, Knox-
ville, TN). Serial dynamic image data acquisition was
begun at the time of injection and was continued for
100 min with a frame schedule of 20 s×6, 60 s×5,
120 s×4, 300 s×5, 600 s×5, and 1,200 s×2. The resulting
time–activity curves were plotted in terms of standardized
uptake values (SUV). All studies were performed in accor-
dance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals.

Specific binding

PET imaging was used to determine in vivo specific binding.
Four Sprague-Dawley rats were pretreated with one of
two mGluR1 antagonists, either 10 mg/kg of LY2212157 or
3 mg/kg of LY2332084, 30 min prior to radiotracer injection.
In addition, a displacement study was conducted by adminis-
tering LY2332084 (3 mg/kg) to another rat 10 min after
radiotracer injection. The brain time–activity curves, drawn
over the cerebellum and the rest of the brain, were compared
to those of ten rats at baseline. The averageweight of all 17 rats
was 337±97 g, and the average injected activity was 38.7±
6.4 MBq (0.699±0.316 nmol).

Cross-reactivity with mGluR5 receptors

PET imaging was also used to determine cross-reactivity with
mGluR5 receptors. Two rats were pretreated with 5 mg/kg of
MTEP (3-((2-methyl-4-thiazolyl)ethynyl)pyridine), an
mGluR5 antagonist, 30 min before radioligand injection.
The curves were compared to those of ten rats at baseline.

Permeability at the blood–brain barrier

PET imaging was used to assess whether 11C-LY2428703 is a
substrate for efflux proteins at the blood–brain barrier using
knockout mice. Four ABCB1 (P-gp) knockout mice
(FVB.129P2-Abcb1atm1Bor/Abcb1btm1Bor N12), four ABCG2
(BCRP) knockout mice (FVB.129P2-Abcg2tm1Ahs N7), and
four ABCB1 + ABCG2 triple knockout mice (FVB.129P2-
Abcb1atm1Bor/Abcb1btm1Bor/Abcg2tm1Ahs N7) (Taconic Farm,
Germantown, NY) were scanned after injection of 11C-
LY2428703. The brain time–activity curves were compared
to those obtained in five wild-type mice. The average weight
of the mice was 28±5.6 g, and the injected activity was 12.6±
5.0 MBq (0.336±0.157 nmol).

Fig. 1 Reaction schemes and
chemical structures of
11C-LSN2606428 (top) and
11C-LY2428703 (bottom)
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Statistical analyses

Prism (GraphPad Software Inc., version 4.0, San Diego,
CA) software was employed for calculations, curve fitting,
and graphics. Sigmoidal dose–occupancy curve was calcu-
lated using a four-parameter (top, bottom, slope, and ED50)
logistic fit. The relative ED50 values, the occupancy seen at
a point on the curve half way between the calculated curve
top and bottom, are reported.

Results

Radiochemistry

11C-LSN2606428 was prepared by treating the N-desmethyl
analog with 11C-methyl triflate without added base. 11C-
LY2428703 was prepared by treating the phenol LY2483097
with 11C-methyl triflate in the presence of added base. These
radioligands were separated in high radiochemical purity;
chemical purity and specific radioactivity were determined
by reverse-phase HPLC and readily formulated for intrave-
nous injection.

In vitro experiments

LogD7.4 measurements

The measured lipophilicity index, logD7.4, was 4.02±0.09
(n06) for 11C-LY2428703, and 1.42±0.14 (n06) for 11C-
LSN2606428. The calculated logP values were 3.1 and 2.9,
respectively.

Pharmacological characterization of LY2428703
and LSN2606428

Pharmacological profiling in human receptors showed that
LY2428703 had a higher affinity for the target than
LSN2606428 (IC50 8.9 and 35.3 nM, respectively). More-
over, LSN2606428 also showed significant cross-affinity
for mGluR5 (IC50 10.2 nM). In contrast, LY2428703 had a
more than tenfold greater affinity for mGluR1 than for
mGluR5 (IC50 8.9 and 118 nM, respectively). Neither

compound had significant affinity for other mGluRs or
off-target cross-reactivity. No agonist effects or postpoten-
tiation effects were noted (Tables 1 and 2).

Competition binding assay with 3H-LSN456066

In all the species studied, the competition binding assay
demonstrated that the affinity of LY2428703 was much
higher than the affinity of LSN2606428 (Table 3), espe-
cially in humans, where the affinity was about 20-fold
higher. In light of the in vitro results of the pharmaco-
logical characterization of the tracers and the competition
binding assay, only LY2428703 was used for further
analyses.

Metabolic stability across species

The hepatic microsomes study showed that the metabolic
stability of LY2428703 was greater in humans than in
other species. After 30 min, only 37.1±29.9 % of the
compound was metabolized in humans (n02), compared
to at least 65 % in other species (mouse, n03, 79.5±14.7 %;
rat, n02, 91.1±3.4 %; dog, n03, 65.0±15.5%; monkey, n02,
90.1±3.1 %).

Assay for P-gp substrate identification

The absence of net asymmetrical flux (e.g., the B-A/A-B flux
ratio was about 1.0) across monolayers of polarized MDCK
cells overexpressing human P-gp at the apical surface indi-
cated that LY2428703 was not a P-gp substrate. LY2428703
had rapid passive permeability, with a permeability coeffi-
cient of 620±30 nm/s (n08), which is approximately equal
to the aqueous boundary layer-limited permeability in this
model system. Paracellular leakage for mannitol was
about 7 nm/s. Mass balance recovery for LY2428703 was
108±10 % (n08).

Screen for brain exposure

The calibrated mouse brain uptake assay (cMBUA) was
used to screen compounds. Blood–brain barrier penetration
of LY2428703 was fast, with a permeability coefficient of

Table 1 LY2428703 potency values at human metabotropic glutamate receptors

Mode of action mGluR1 mGluR2 mGluR3 mGluR4 mGluR5 mGluR7 mGluR8

Antagonist (IC50, nM) 8.9±1.8 (100±0.5 %) >12,500 >12,500 >12,500 118±54 (59±2.1 %) >12,500 >12,500

Agonist (EC50, nM) >25,000 >25,000 >25,000 >25,000 >25,000 >16,700 >25,000

Potentiator (EC50, nM) >12,500 >12,500 >12,500 >12,500 >12,500 Not tested >12,500

IC50 ± SEM (mean percent efficacy ± SEM). Data based on 2–11 replicates
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190 nm/s, which is equal to cerebral blood flow as judged
by reference compounds such as testosterone and tritiated
water [16]. The percentage of the dose delivered to the brain
was 1.2–1.6 % over the tenfold range of doses administered,
which is similar to brain levels of tritiated water at 1.9±
0.2 % of the dose, and within the range of cardiac output
(1.2–2.6 %) reported for the rat [16, 17]. Clearance from
plasma and brain, represented as the percentage loss in
concentration from 5 to 60 min, was similar and >95 %.

Measuring the unbound fraction

Using equilibrium dialysis, unbound fractions in plasma (rat)
and brain homogenate (dog) were measured as 0.027 and
0.014, respectively. Assuming that protein binding is similar
in mouse, the Cbrain,u/Cplasma,u ratio, or a Kp,uu value [18], was
calculated as 0.7 to 1.0 for 5 and 60min from the cMBUA data.

In vitro stability of 11C-LY2428703 in rat whole-blood
and brain homogenates

The stability of 11C-LY2428703 was verified in rat whole-
blood and brain homogenates over 1 h at 37 °C. Enough
radioactivity was added to detect a radiochemical impurity as
low as 0.5 %. Radiochemical purity was 100 %. Within these
conditions, no biotransformation products were detected.

Ex vivo experiments

Plasma and brain radiochromatographic profile

Plasma samples were obtained from rats 30 min after radio-
ligand injection. One major radiometabolite (17.2 %), eluted

in the void volume of the column, was detected with a
minor one (1.3 %) that was more lipophilic than the
first radiometabolite but less lipophilic than the parent.
The parent radioligand was 75 % of the plasma radio-
activity. The chromatogram from the UV absorbance
detector confirmed the identity of 11C-LY2428703 be-
cause the extracted sample was spiked with reference
compound.

Radiometabolite concentrations in brain regions were
less than plasma concentrations. The rat brain and cere-
bellar radioactivity comprised mainly parent radioactivity
and a radiometabolite less lipophilic than the parent. The
relative composition differed between the two brain
regions. The brain was composed of 82.7 % parent radio-
ligand and 17.2 % radiometabolite; cerebellar activity was
composed of 96.2 % parent radioligand and 3.7 % radio-
metabolite. The %SUV concentration of 11C-LY2428703
in brain, cerebellum, plasma, and urine was 49, 156, 122,
and 2.7, respectively. The %SUV concentration of the
major radiometabolite in brain, cerebellum, plasma, and
urine was 10.2, 6.1, 38.5, and 161, respectively. For the
parent, the cerebellum/brain concentration ratio was 3.2,
the cerebellum/plasma ratio was 1.3, and the brain/plasma
ratio was <1.0. The same regional ratios of the radio-
metabolite were always <1.0.

Radioactivity analysis of the brain and cerebellar tissues
without blood yielded very similar results. Using the mean
of two separate measurements, cerebellar activity was com-
posed of 95.8 % (169 %SUV) parent radioligand and 3.3 %
(5.6 %SUV) radiometabolite. Brain activity was composed
of 82.5 % (48 %SUV) parent radioligand and 16.5 % (9.5
%SUV) radiometabolite.

LC-MS/MS rat brain kinetic analysis with nonlabeled tracer

LY2428703 differentially distributed towards the target-
rich cerebellum relative to the frontal cortex at all time
points, indicating specific binding at all time points.
The time-course study showed rapid uptake of the
tracer and washout in a time frame amenable for PET
ligand 11C imaging, given its half-life of 20.4 min. The
10 μg/kg dose of LY2428703 reached 330 % SUV in
rat cerebellum at 15 min, the earliest time point measured
(Fig. 2).

Table 2 LSN2606428 potency values at human metabotropic glutamate receptors

Mode of action mGluR1 mGluR2 mGluR3 mGluR4 mGluR5 mGluR7 mGluR8

Antagonist (IC50, nM) 35.3±16.5 (102±0.6 %) 4,030±1250 (102±0.0 %) >12,500 >12,500 10.2±2.7 (100±0.2 %) >12,500 >12,500

Agonist (EC50, nM) >25,000 >25,000 >25,000 >25,000 >25,000 >16,700 >25,000

Potentiator (EC50, nM) >12,500 >12,500 >12,500 >12,500 >12,500 Not tested >12,500

IC50 ± SEM (mean % efficacy ± SEM). Data based on 2–11 replicates

Table 3 Results of the competition binding assay with 3H-LSN456066
(results expressed in mean ± SEM)

Species Ki (nM)

LY2428703 LSN2606428

Rat (male; n04) 0.6±0.05 4.7±0.9

Monkey (male; n03) 2.1±0.6 31.4±4.3

Human (male; n04) 2.7±0.5 58.3±8.3

Human (female; n04) 1.4±0.4 56.1±16
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The intravenous administration of the 3 μg/kg dose of
LY2428703 with a survival interval of 40 min was chosen
for the dose–response study with the blocker JNJ16259685,
because it afforded the largest signal to noise ratio of total
(cerebellum) to nonspecific (frontal cortex) binding without
compromising detection and quantitation of LY2428703
in rat brain tissue by LC-MS/MS. The tracer dose was
selected to be as low as possible, in order to mimic the
PET imaging situation. The time between tracer delivery
and the ex vivo evaluation was as long as possible to
increase the signal without compromising LC-MS/MS
detection.

Pharmacological validation of LY2428703 as an mGluR1
tracer

The selective mGluR1 antagonist JNJ16259685 dose-
dependently reduced the level of specific binding of the
nonlabeled tracer LY2428703. This resulted in an in vivo
mGluR1 ED50 of 1.4±0.1 mg/kg following intravenous
administration, demonstrating that JNJ16259685 effectively
blocked the specific binding of LY2428703 when the latter
was used as a tracer.

mGluR1 and mGluR5 occupancy experiments to assess
in vivo selectivity of LY2428703

To evaluate the in vivo selectivity of LY2428703, rats were
pretreated with a selective mGluR1 antagonist, a selective
mGluR5 antagonist, or vehicle. LY2428703 dose-dependently
occupied rat mGluR1s following oral administration, result-
ing in dose decreases in nonlabeled JNJ16259685. Converse-
ly, despite modest mGluR5 partial antagonist functional
potency, LY2428703 at doses up to 60 mg/kg (about
200 μmol/kg) did not appear to show any significant occu-
pancy of mGluR5 under the same treatment paradigm and

with the same animals; that is, the same drug exposure and the
modest potency in vitro did not translate into in vivo mGluR5
occupancy (Fig. 3).

PET in vivo experiments

Specific binding

11C-LY2428703 accumulated preferentially in rat cerebel-
lum, and only faint uptake was seen in the rest of the
brain (Fig. 4). This uptake disappeared in the blocked
scans, suggesting a large specific and displaceable signal
(Fig. 5).

Cross-reactivity with mGluR5 receptors

Echoing the results of the aforementioned in vitro receptor
occupancy studies, in vivo PET studies showed that 11C-
LY2428703 had negligible affinity for mGluR5 in vivo
(Fig. 6).

Permeability at the blood–brain barrier

In line with the results obtained via MDCK cell assay,
comparison of the brain time–activity curves obtained in
wild-type and knockout mice showed that 11C-LY2428703
was not a substrate for either ABCB1 or ABCG2 transporter
at the blood–brain barrier in mice (Fig. 7).

Discussion

This study investigated the in vitro, ex vivo, and in vivo
characteristics of 11C-LY2428703, and showed that this com-
pound is an excellent potential PET ligand for mGluR1s.

First, we assessed in vitro the affinity and selectivity of two
different candidate tracers: LY2428703 and LSN2606428.
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LY2428703 was found to have a high affinity for the target
(IC50 8.9 nM) and very small cross-reactivity with mGluR5s
(IC50 118 nM). In contrast, LSN2606428 not only had a lower
affinity for mGlu1Rs (IC50 35.3 nM), but also displayed
a significant cross-affinity for mGluR5 (IC50 10.2 nM).
Moreover, although both tracers displayed a high affinity in
rodents, LY2428703 had a significantly higher affinity than
LSN2606428 in monkeys (2.1 and 31.4 nM, respectively),
and even higher affinity in humans (1.4 in females and 2.7 in
males for LY2428703, >50 nM for LSN2606428). As a result,
only LY2428703 was used in further analyses.

LY2428703 has favorable physical/chemical attributes
for brain exposure (calculated logP 3.1, one hydrogen bond
donor, four hydrogen bond acceptors, polar surface area of
51 Å2) that are similar to the median values (calculated logP
3.0, one hydrogen bond donor, four hydrogen bond accept-
ors, polar surface area of 49 Å2) of 20 PET ligands drawn

from published studies and tested to date for various brain
targets, both receptors and enzymes (T.J. Raub, unpublished
data). Consequently, the measured activity of LY2428703
was similar to the median values for the PET ligand set
tested. The in vitro passive permeability coefficient was
600 nm/s compared to the median of 620 nm/s, and absence
of P-gp efflux was the norm. These data and a Kp,uu of unity
show that LY2428703 passively crossed the blood–brain
barrier. The 1.6±0.2 % of the dose distributed to the brain
was 84 % of cardiac output, and was less than the median
value of 2.7 % of the dose for the PET ligand test set, but
within the measured range of 0.5 to 6.7 % (see reference
[16] and T.J. Raub, unpublished data). Another desirable
behavior for a prospective PET ligand is rapid and reversible
equilibration, such that nonspecific levels in the brain de-
crease in parallel to systemic clearance. The median losses
from plasma and brain for the PET ligand test set were 90 %
and 94 %, respectively, and >95 % LY2428703 was lost
from both compartments, confirming that it displayed this
desired behavior.
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Fig. 5 Time–activity curves for 11C-LY2428703 in rat forebrain and
cerebellum. a Baseline (black symbols; n010) and blocked
(LY2212157, 10 mg/kg; white symbols; n04) curves for the cerebellum
(black circles) and forebrain (black squares). b Displacement study in

one rat. The displacer (LY2212157, 10 mg/kg) was administered
15 min after the radiotracer injection, which led to a rapid decrease
in cerebellar activity (white circles) to the level of forebrain activity
(black circles)
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n010) and with (white symbols; n02) mGluR5 antagonist (MTEP,
5 mg/kg) pretreatment. Forebrain uptake was not affected by pretreat-
ment with an mGluR5 antagonist

a b

Fig. 4 11C-LY2428703 PET studies in a rat at baseline (a) and after
blocking using LY2212157 (10 mg/kg) (b). The strongest signal at
baseline is in the cerebellum, which has disappeared after blockade
(arrows). The rest of the brain (circles) shows a faint uptake at base-
line, which has disappeared after blockade. The residual activity is
nonspecific binding. Note that the two areas of high uptake visible at
both baseline and during the blocked study in the anterior part of the
head represent nonspecific uptake in the orbital regions
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Another favorable characteristic of LY2428703 was
its metabolic stability, which was greater in humans
than in other species. In fact, 30 min after injection,
only about 37 % of the compound was metabolized in
human hepatic microsomes compared to at least 65 %
in mice, rats, dogs, and monkeys. Moreover, the radio-
ligand was stable in whole blood in vitro, which sug-
gests that its concentrations in blood are amenable to a
reliable in vivomeasurement when an arterial input function is
needed.

In order to assess whether radiometabolites were pres-
ent and able to cross the blood–brain barrier, we mea-
sured the plasma, brain, and cerebellum radio HPLC
radiochromatographic profiles of 11C-LY2428703. Accu-
mulation of radiometabolites in the brain would prevent
the stable measurement of the distribution volume of the
parent through kinetic modeling. HPLC analysis of 11C-
LY2428703 in rat plasma and brain showed that one
relatively polar radiometabolite was produced in plasma.
However, the penetration of this radiometabolite into the
brain was insignificant (30 min after injection, >96 % of
the radioactivity in the target region of the cerebellum
was due to the parent compound and only 3–4 % to the
radiometabolite). Because 11C-LY2428703 was stable in
rat brain homogenates, the presence of radiometabolite in
the brain points to its peripheral origin. Moreover, the
cerebellar activity ratio of 11C-LY2428703 to that in the
forebrain was 3.2–3.5, while the same regional ratio of
the radiometabolite was <1.0, suggesting that this radio-
metabolite had no bioactivity towards the receptor. There-
fore, quantitation of binding uptake in the brain can be
obtained using a plasma input function.

Dissection followed by LC-MS/MS kinetic analysis of
the rat brain with nonlabeled LY2428703 showed that the
tracer accumulated preferentially in the target-rich cerebel-
lum relative to the frontal cortex at all time points. This
distribution matches the known distribution of mGluR1s in
the rat and human brain [19, 20] and indicates high specific
binding. Further validation of the biodistribution of the
compound would have required autoradiographic studies,

which are difficult to perform accurately with 11C labeling.
The time-course study showed rapid uptake of the tracer and
washout in a time frame suitable for PET ligand 11C
imaging.

It is also important to note that, taken together, the
evidence from in vitro studies and binding assays
showed that the nonlabeled tracer LY2428703 was high-
ly specific and selective. In fact, oral LY2428703 dose-
dependently occupied rat mGluR1s, resulting in concen-
tration decreases in the selective mGluR1 antagonist
JNJ16259685. JNJ16259685 also blocked the specific bind-
ing of LY2428703 when the latter was used as a tracer.
Conversely, little to no mGluR5 occupancy by LY2428703
was seen under the same treatment paradigm and using the
same animals.

PET studies conducted in rodents showed that 11C-
LY2428703 had excellent characteristics for in vivo imag-
ing. It readily penetrated the brain and distributed preferen-
tially in the target-rich cerebellum. The signal was readily
decreased by mGluR1 blocking agents, but not influenced
by mGluR5 blockers; therefore, further studies in mGluR1
and mGluR5 knockout animals were deemed unnecessary.
Moreover, 11C-LY2428703 did not seem to be a substrate
for efflux transporters at the blood–brain barrier, as sug-
gested by results of the in vitro MDCK assay and the in
vivo PET studies using P-gp and BCRP knockout mice.

Conclusion

11C-LY2428703, a new PET radioligand for mGluR1 quan-
tification, displayed promising characteristics in vitro, ex
vivo, and in vivo in rodents.
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