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INTRODUCTION

ADENOSINE is present in large amounts in the mammalian
brain and plays a role as an endogenous modulator of
synaptic functions in the central nervous system. The
effects are mediated by two major subtypes of receptors:
A1 and A2 receptors. The adenosine A1 receptors ex-
hibit a higher affinity for adenosine and inhibit adenylyl
cyclase. The A2 receptors exhibit a lower affinity for
adenosine and stimulate adenylyl cyclase, and are further
divided into A2A and A2B subtypes. It is now known that
A1 receptors are G protein-linked and can act through ef-
fectors other than adenylyl cyclase, including potassium
channels, calcium channels, phospholipase A2 and C, and
guanylyl cyclase.1 For the purpose of mapping of adeno-
sine A1 and A2A receptors in the brain by positron emis-
sion tomography (PET), we synthesized and character-
ized several radioligands (see references in reviews).2,3

Among them, [1-methyl-11C]8-dicyclopropylmethyl-1-
methyl-3-propylxanthine ([11C]MPDX) was the PET
ligand of choice for mapping adenosine A1 receptors.4–7

In a preclinical study including the imaging of adenosine
A1 receptors of the monkey brain by PET, we proved
[11C]MPDX to be a suitable PET radioligand for human
studies.6 This is the first application of [11C]MPDX for
mapping adenosine A1 receptors in the human brain by
PET. The distribution of the adenosine A1 receptors was
compared with the images of cerebral blood flow and
glucose metabolism in the same individual.

MATERIALS AND METHODS

A 51-year-old male normal volunteer who had no neuro-
logical findings and no abnormality on brain MRI under-
went PET scans with [15O]water, [11C]MPDX, and
[18F]FDG. PET measurement was performed with SET-
2400W (Shimadzu Co., Kyoto, Japan). The study proto-
col was approved by the Institutional Ethical Committee,
and written informed consent was obtained from the
subject.

After transmission scan with a rotating [68Ga]/[68Ge]
line source to correct for the photon attenuation using the
attenuation map, [15O]water (150 MBq) was injected
intravenously for a period of 10 sec. Then PET scan was
performed for 120 sec in a 3D static mode. Ten min later,
[11C]MPDX4 (610 MBq/14 nmol) was injected intrave-
nously for a period of 10 sec. PET scan was performed
for 90 min in a 2D dynamic mode (10 sec × 6 frames, 30
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sec × 3 frames, 60 sec × 5 frames, 150 sec × 5 frames,
300 sec × 14 frames). The tomographic images were
reconstructed using a filtered backprojection method, and
Butterworth filter (cutoff frequency 1.25 cycle/cm and
order of 2). The data were collected in a 128 × 128 × 25
slices × 33 matrix. The voxel size was 2 × 2 × 6.25 mm.
Arterial blood was taken at 10, 20, 30, 40, 50, 60 70,
80, 90, 100, 110, 120, 135, and 150 sec, and 3, 5, 7, 10, 15,
20, 30, 40, 50, 60, 70, 80, and 90 min, and the plasma
radioactivity level was measured. The unchanged form of
[11C]MPDX in the plasma sampled at 3, 10, 20, 30, 40, and
60 min was analyzed by high-performance liquid chroma-
tography as described previously.4

On another day, [18F]FDG (130 MBq) was injected into
the same subject, and the 6-min PET scan with a 3D static
mode was started 45 min after the injection.

PET images were registered and resliced to MRI by
UNIX workstations (Silicon Graphics Inc., Mountain
View, CA, USA) using the Dr. View image analysis soft-
ware system (Asahi Kasei Joho System, Tokyo, Japan).8

Regions of interest (ROIs) were placed on the frontal,
medial frontal, temporal, medial temporal, parietal, and
occipital cortices, striatum, thalamus, and cerebellum
based on MRI. Time-activity curves (TACs) in each
region of the brain and in plasma were calculated. Using
the TACs in the tissues and the metabolite-corrected TAC
in plasma, the distribution volume (DV) for [11C]MPDX
was evaluated using a graphical analysis by Logan et al.9

RESULTS

Figure 1 shows the PET images of [11C]MPDX, [15O]water,
and [18F]FDG. [11C]MPDX was widely distributed with
different concentrations in the brain. The three images
were similar, but a few differences were found. Uptake of
[11C]MPDX or [18F]FDG was prominent in the striatum
compared with that of [15O]water, while the latter was
relatively higher in the thalamus and cerebellum than the
former.

Figure 2 shows the TACs in the brain tissues and in
plasma after injection of [11C]MPDX. [11C]MPDX was
taken at high levels in all regions investigated, and the
levels were decreased for first 15 min after injection. The
radioactivity level in plasma rapidly decreased. Percent-
ages of unchanged forms of [11C]MPDX were 99.4% at 3
min, 87.0% at 10 min, 75.3% at 20 min, 73.5% at 30 min,
71.1% at 40 min, and 70.7% at 60 min.

The DV for [11C]MPDX was large in the striatum
(1.34) and thalamus (1.30), medium in the occipital (1.21),
parietal (1.19), temporal (1.19), frontal (1.16), medial
frontal (1.13) and medial temporal cortices (1.09), and
small in the cerebellum (0.95).

Figure 3 shows the relative distribution of the three
tracers investigated in the brain. The DV of [11C]MPDX
and uptake of [15O]water or [18F]FDG in each of the brain
regions were normalized so that the respective value in the

cerebellum became 1. The distribution patterns of the
three tracers differed from each other. The binding of
[11C]MPDX was relatively high in the striatum and thal-
amus and lowest in the cerebellum, while the blood flow
in the cerebellum was relatively high among the regions
investigated.

DISCUSSION

Recently we performed mapping of adenosine A1 recep-
tors in the brain of cats and monkeys by the PET with
[11C]MPDX.5,6 The present first clinical study showed
that [11C]MPDX has potential as a PET ligand for
mapping of adenosine A1 receptors in human studies.
[11C]MPDX was taken up well by the brain, but the levels
of radioactivity in all regions investigated deceased rela-
tively faster than those in the brain of cats and monkeys.

The brain kinetics of [11C]MPDX is affected by several
factors in vivo. The fast clearance pattern of [11C]MPDX
is mainly due to the affinity of [11C]MPDX for adenosine
A1 receptors. In general, Ki = 4.2 of [11C]MPDX for the
adenosine A1 receptors4 was relatively weak compared
with those of other radioligands for neuroreceptors. In the
present study, we did not evaluate the specific binding of
[11C]MPDX, while blocking studies were performed pre-
viously in experimental animals. A PET study showed
that the specific DV of [11C]MPDX was 53% of the total
DV in the cerebral cortex of cats.5 An ex vivo autoradio-
graphic study showed that the specific binding of
[11C]MPDX was 60% in the rat brain 15 min after the
tracer injection.7 The specific binding of [11C]MPDX was
60–70% in the mouse brain and rabbit brain (unpublished
data). Because of faster clearance patterns in the human
brain than in animal brains, the ratio of specific binding
in humans may be lower than those observed in experi-
mental animals. It is known that the injected doses also
influence the kinetics of the receptor radioligands. The
maximal concentration of MPDX in the brain, which was
calculated from the uptake level (Bq/ml) and the specific
activity (44 MBq/nmol) of [11C]MPDX, was approxi-
mately 1 pmol/ml immediately after the injection. This
value corresponds to at most 10% of the density of the
adenosine A1 receptors which was estimated at most
10 fmol/mg gray matter by in vitro autoradiography of
the postmortem human brain.10 Therefore, we consider
that the injected dose used was suitable for studying the
receptor-radioligand binding and was not a cause of the
rapid clearance of [11C]MPDX from the brain.

Because of the rapid clearance of [11C]MPDX from the
brain, the distribution of [11C]MPDX might be partially
affected by the cerebral blood flow. However, PET
images (Fig. 1) showed that the relative uptake levels
of [11C]MPDX and [15O]water were different in the
striatum, thalamus and cerebellum. When the DV values
of [11C]MPDX and the uptake of [15O]water or [18F]FDG
were normalized against those in the cerebellum to clarify
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the relationship between the distribution of [11C]MPDX
and the cerebral blood flow, the distribution pattern of
[11C]MPDX was clearly different from those of [15O]water
and [18F]FDG (Fig. 3). The regional brain images and
distribution patterns of both blood flow and [18F]FDG
were compatible with the database of normal resting
subjects in the resting states in our laboratory. The statis-
tical evaluation for the relationship between the distribu-
tion of [11C]MPDX and cerebral blood flow is difficult in
the present first trial of [11C]MPDX PET in man, but is
under investigation.

In the literatures the adenosine A1 receptors are rich in
the hippocampus, cerebral cortex, thalamic nuclei, basal
ganglia and the cerebellar cortex in animals11–13 and
humans.10,14 In the present PET study, the binding of
[11C]MPDX evaluated quantitatively as the DV was rela-
tively higher in the striatum and thalamus among the
brain regions investigated. The distribution pattern of
[11C]MPDX was consistent with the receptor distribution
pattern in vitro in previous reports,10–14 except that the DV
of [11C]MPDX was relatively smaller in the medial tem-

poral lobe including the hippocampus and cerebellum
(Fig. 3). In in vitro autoradiography of postmortem human
brain, Svenningsson et al. demonstrated that the density of
adenosine A1 receptor binding sites of [3H]8-cyclopentyl-
1,3-dipropylxanthine was high in the stratum radiatum/
pyramidale of CA1 in the hippocampus but relatively low
in other areas in the hippocampus, and was high in the
cortex molecular/Purkinje layer while low in the cortex

Fig. 1   MRI of the brain and PET images of [11C]MPDX, [15O]water,
and [18F]FDG. Top, MRI; second, [11C]MPDX; third, [15O]water; and
bottom, [18F]FDG. The static PET images were acquired from 2 to 20
min for [11C]MPDX, from 0 to 2 min for [15O]water, and from 45 to
51 min for [18F]FDG after the injection, and expressed as a relative
uptake.

Fig. 2   Time-activity curves in the brain tissues and in
plasma after injection of [11C]MPDX. A: Time-activity
curves in a 90-min period during PET scan; and B: those
in a first 10 min period after injection.
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granular layer in the cerebellum.10 In [11C]MPDX PET,
the DV values in these ROIs were assessed as the means
of high and low densities of the binding sites, which
resulted in the apparent discrepancy between the in vitro
findings and the [11C]MPDX PET in the hippocampus
and cerebellum. The partial volume effect based on the
spatial resolution may be considered especially in the
hippocampus in the PET study.

The adenosine A1 receptors are distributed both pre-
and post-synaptically in all regions of the brain without
any reference regions being devoid of them. However, the
distribution pattern of [11C]MPDX was different from
those of [15O]water and [18F]FDG (Figs. 1 and 3). This
finding suggests that the [11C]MPDX PET provides a new
diagnostic tool which is distinguished from those based
on cerebral blood flow and glucose metabolism. The
studies on the postmortem human brain reported a re-
duced density of adenosine A1 receptors in the hippo-
campus of patients with Alzheimer’s disease,15,16 and a
significant increase in adenosine A1 receptor binding in
the neocortex obtained from patients suffering from tem-
poral lobe epilepsy.17 [11C]MPDX PET is of interest in
diagnosing patients with neurological and psychiatric
diseases, and is under investigation for the progress for
diagnosis of the patients with Alzheimer’s disease and
epilepsy.

In conclusion, [11C]MPDX was widely but discretely
distributed with different concentrations in the brain. The
graphical analysis showed that the binding of [11C]MPDX
was high in the striatum, thalamus, and low in the medial
temporal cortex and cerebellum. The distribution pattern
of [11C]MPDX was consistent with that of adenosine A1

receptors in vitro. [11C]MPDX PET has the possibility for
mapping adenosine A1 receptors in the human brain.
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