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Abstract
Introduction—A2A receptors are expressed in the basal ganglia, specifically in striatopallidal
GABAergic neurons in the striatum (caudate-putamen). This brain region undergoes degeneration
of pre-synaptic dopamine projections and depletion of dopamine in Parkinson’s disease. We
developed a18F-labeled A2A analog radiotracer ([18F]-MRS5425) for A2A receptor imaging using
positron emission tomography (PET). We hypothesized that this tracer could image A2A receptor
changes in the rat model for Parkinson disease, which is created following unilateral injection of
the monoaminergic toxin, 6-hydroxydopamine (6-OHDA) into the substantia nigra.

Methods—[18F]-MRS5425 was injected intravenously in anesthetized rats and PET imaging
data collected. Image derived percent injected doses per gram (%ID/g) in regions of interest
(ROIs) were measured in the striatum of normal rats and in rats unilaterally lesioned with 6-
OHDA after intravenous administration of saline (baseline), D2 agonist quinpirole (1.0 mg/kg) or
D2 antagonist raclopride (6.0 mg/kg).

Results—Baseline %ID/g reached a maximum at 90 sec and maintained plateau for 3.5 min, and
then declined slowly thereafter. In 6-OHDA-lesioned rats, %ID/g was significantly higher in the
lesioned side compared to the intact side and the baseline total %ID/g (data from both hemispheres
were combined) was significantly higher compared to quinpirole stimulation starting from 4.5 min
until the end of acquisition at 30 min. Raclopride did not produce any change in uptake compared
to baseline or between the hemispheres.

Conclusion—Thus, increase of A2A receptor mediated uptake of radioactive MRS5425 could be
a superior molecular target for Parkinson’s imaging.
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Introduction
The adenosine A2A receptors (A2A) and dopamine D2 receptors (D2) belong to the
superfamily of rhodopsin-like G protein-coupled receptors which transduce extracellular
stimuli to activate intracellular signaling pathways. These receptors exert opposite
regulatory control on receptor-mediated adenylate cyclase activity at the cellular level [1]. In
the brain, A2A receptors are mainly expressed in the basal ganglia specifically in the
striatum (caudate-putamen), nucleus accubens, and olfactory tubercle [2, 3]. Consistent with
the regulatory role on adenylate cyclase activity, A2A and D2 receptors or mRNA of such
receptors are co-localized on striatopallidal GABAergic neurons in the rat striatum [4, 5].

The administration of A2A receptor agonists decreases the affinity of D2 receptors [1, 6], and
conversely A2A receptors are antagonized by quinpirole, a D2 receptor agonist [7]. Thus, co-
localization and functionally oppositional link implicates D2 and A2A receptor interactions
at the level of basal ganglia as a molecular target for pharmacotherapy in Parkinson’s
disease and schizophrenia [1, 8, 9]. Antagonists of A2A receptors have recently emerged as a
leading candidate class of non-dopaminergic anti-Parkinsonian agents, as patients
undergoing dopamine replacement therapy typically experience decreased therapeutic relief
as neuronal loss and symptoms inexorably progress [10].

Parkinson’s disease is a progressive neurodegenerative disease that results in degeneration
of pre-synaptic dopamine projections and ultimately depletion of dopamine in the basal
ganglia [11, 12]. This disease has been modeled in rats by unilaterally injecting the selective
monoaminergic toxin, 6-hydroxydopamine (6-OHDA), into the substantia nigra or medial
forebrain bundle [13, 14], which causes neuronal death [15]. Motor deficits occur 1 week
after 6-OHDA administration, which is demonstrated by animal rotation in response to the
dopaminergic D1/D2 receptor agonist, apomorphine [16]. After 4 weeks, the animal is
considered a model of late-stage asymmetrical Parkinson’s disease [17].

In Parkinson’s disease patients and in 6-OHDA-lesioned rats, post-synaptic D2 receptors are
upregulated [18–21], particularly in the putamen nucleus [20, 22]. A2A receptor density,
functionality, or mRNA of A2A receptors have been reportedly increased in the caudate-
putamen in Parkinson’s disease patients [23, 24], Moreover, the development of a
dyskinesigenic response to L-DOPA, a dopamine supplement drug which relieves some of
the symptoms but does not stop Parkinson’s disease progression, is correlated to post-
mortem increases in A2A receptor mRNA [25, 26]. In 6-OHDA-lesioned rats, mRNA of A2A
receptors is increased in the striatum [21]. Taken together, all these observations suggest that
either D2 receptor or A2A receptor could be used as a target for molecular imaging using
positron emission tomography (PET) in 6-OHDA-lesioned rats or in Parkinson’s disease. D2
receptor-mediated base line fatty acid signaling (in response to saline) is reported to be
increased in 6-OHDA-lesioned rats and more so in response to quinpirole using
autoradiography [27, 28]. So far, D2 receptor-mediated PET imaging in relation to
Parkinson’s disease has not contributed to the benefit of patients. Thus, A2A receptor
mediated PET imaging can be a major contribution for early identification of Parkinson’s
disease, however it would only be possible if a suitable radiotracer is available. To this end
two [11C]ligands have been explored in human studies: [11C]TMSX in normal human brain
[29] and [11C]SCH442416 in a study of receptor occupancy [30].
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In order to take advantage of the longer half-life of fluorine-18 over carbon-11, we
developed 18Flabeled A2A analog PET radiotracer 7-(3-(4-(2-
[18F]fluoroethoxy)phenyl)propyl)-2-(furan-2-yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-
c]pyrimidin-5-amine ([18F]-MRS5425), derived from SCH442416, which may allow the in
vivo evaluation of A2A receptor-mediated uptake in rat brains. The synthesis and evaluation
of this novel 18F-labeled compound is the subject of this manuscript. We investigated the
uptake kinetics of [18F]-MRS5425 in normal rats and examined the A2A receptor-mediated
uptake in normal rats (without lesion) compared to unilaterally 6-OHDA-lesioned rats by
using quantitative PET imaging technique. Based on evidence that ipsilateral striatum in
these lesioned animals have increased A2A receptor densities (vide supra), we predicted that
the A2A receptor-mediated uptake would be increased depending on the extent of A2A
upregulation. The ability to image D2 and A2A interaction in 6-OHDA-lesioned rats is
currently unavailable, we therefore quantified region-of-interest (ROI)–derived percentage
of injected dose per gram (%ID/g) in PET imaging in rats acutely administered
intravenously either saline (1 mL/kg), quinpirole (a D2, D3 receptor agonist, 1.0 mg/kg), or
raclopride (a D2 receptor antagonist, 6 mg/kg).

Materials and Methods
General

SCH442416 (2-(furan-2-yl)-7-(3-(4-methoxyphenyl)propyl)-7H-pyrazolo[ 4,3-e]
[1,2,4]triazolo[1,5-c]pyrimidin-5-amine) was purchased from Tocris Biosciences (Ellisville,
MO). Ethane-1,2-diol bis(3,4-dibromobenzenesulfonate (2), was prepared according to a
literature procedure [31]. All other solvents and reagents were obtained from commercial
sources and used as received. In vitro metabolism evaluation was conducted in
cryopreserved rat hepatocytes with analysis of the generated metabolites by HPLC-MS [32].
Authentic non-radioactive MRS5425 (7-(3-(4-(2-fluoroethoxy)phenyl)propyl)-2-(furan-2-
yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-5-amine), was prepared as previously
described [33].

Synthesis of phenolic precursor for radiolabeling
Commercially available SCH442416 was demethylated with boron tribromide (1M in
CH2Cl2) at room temperature, to furnish the previously reported phenol 1 (4-(3-(5-amino-2-
(furan-2-yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[1,5-c]pyrimidin-7-yl)propyl)phenol) in
quantitative yield with characterization data identical to the published values [34]. Phenol 1
was used for radiolabeling without further purification (see Scheme 1).

Radiosynthesis of 7-(3-(4-(2-fluoroethoxy)phenyl)propyl)-2-(furan-2-yl)-7H-pyrazolo[4,3-e]
[1,2,4]triazolo[1,5-c]pyrimidin-5-amine (F-18 labeled fluoroethyl derivative of SCH442416,
[18F]-MRS5425)

Aqueous [18F]fluoride (1.85 GBq, 50 mCi), 0.5 mg of potassium carbonate, and 2.3 mg
K-222 were evaporated to dryness in a 10 mL glass tube under a stream of argon while
heating to 105 °C. Ethane-1,2-diol bis(3,4-dibromobenzenesulfonate) (3 mg in 0.3 mL of
acetonitrile) was added, the tube capped, and the resulting solution heated at 120 °C in a
CEM microwave apparatus (CEM Corp, Matthews, NC, USA) for 5 min. The reaction
mixture was then cooled, diluted with 0.5 mL of HPLC solvent and injected onto a
Phenomenex semi-preparative C-18 HPLC column running at 5 mL/min using 50%
acetonitrile in water. The desired product (2-fluoroethyl 3, 4-dibromobenzenesulfonate) was
collected from HPLC at 10 min, diluted with 10 mL of water and trapped on a Waters C-18
Sep-Pak cartridge. The C-18 cartridge was washed with 10 mL of water and the radioactive
product was eluted with 1 mL of dichloromethane into a 1 mL plastic tube. The small
amount of water on top of organic layer was removed and the organic layer, which
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contained the radioactive product, was transferred to a 10 mL glass tube. The
dichloromethane was evaporated under a stream of argon gas, then 5 mg of 1, 10 µL of 40%
aqueous tetrabutylammonium hydroxide solution, and 0.3 mL of acetonitrile were added.
The tube was sealed and heated at 120 °C in the microwave reactor for 5 min. After cooling,
the reaction mixture was diluted with 0.5 mL of HPLC eluent and injected onto the semi-
preparative reversed phase HPLC column. The HPLC column was eluted with 35%
acetonitrile 65% 100 mM ammonium acetate at 5 mL/min. The desired product had a
retention time of 35 min. The fraction containing the product was diluted with 15 mL of
water then passed through a 100 mg C-18 column, which trapped the desired radiochemical
product. The C-18 column was washed with 10 mL of water and the final product was eluted
with 0.2 mL of ethanol. The total synthesis and purification time was about 130 min.

Animals
This study was conducted under a protocol approved by the Animal Care and Use
Committee of the Clinical Center, National Institute of Health (NIBIB Protocol # PET
08-01). Experiments were conducted following the Guide for the Care and Use of
Laboratory Animals (NIH Publication 86-23). Unilaterally 6-OHDA-lesioned male Sprague-
Dawley (SD) rats were purchased from Taconic Albany (Germantown, NY, USA). In brief,
at 8 weeks of age, each rat was anesthetized with sodium pentobarbital (13 mg/dL), and the
left substantia nigra was lesioned by a 4-µL/min infusion of 0.1 mg/mL of 6-OHDA in 0.9%
saline (w/v) at the following coordinates from the bregma: AP = −4.3, ML = +1.2, and DV =
−8.3 mm.

To assess the efficacy of the 6-OHDA lesion, each lesioned rat was tested 21 days later for
its response to S-(+)-apomorphine HCl (0.5 mg/kg i.p.). Only rats that completed at least
100 contralateral rotations in 20 min [28] [27] were shipped to our animal facility. Another
group of SD rats without any lesion was received from the same source and was used for in
vivo biodistribution, tissue binding studies and as controls for PET scanning.

Once received, animals were maintained in a facility that has constant temperature,
humidity, and light cycles (6:00 AM – 6:00 PM), and they were given free access to food
pellets (NIH-31 18-4 diet, Zeigler Bros, Gardners, PA, USA) and water. The lesioned rats
were reported to have increased expression of A2A receptors [35], and loss of tyrosine
hydroxylase immunoreactivity in the ipsilateral basal ganglia and substantia nigra [17, 28,
36, 37]. The weight of the first group of 6-OHDA lesioned animals at time of study, ranged
from 326 to 448 g. The second group ranged from 285 – 354 g. Normal rats ranged from
280 to 387 g. We did not adjust for the body weight of the animals.

In vitro binding in rat brains
Twelve-week old male SD rats (n = 4) were used for autoradiography. After sacrificing the
rats by carbon dioxide asphyxiation, the brains were removed and immediately quick-frozen
in dry ice. The brain was cut coronally into 20-µm slices using a Vibratome Ultrapro 5000
(Vibratome, St. Louis, MO). The slices were thaw-mounted onto adhesive coated slides, air
dried for 30 min and then stored at −70° C until use. The incubation buffer consisted of 50
mM Tris at pH 7.5with 10 mM MgCl2). One solution contained 2.3 MBq (62.5 µCi)/200 mL
of [18F]-MRS5425. For blocking studies, a solution of the unlabeled compound SCH442416
(250 nM) was prepared with the same buffer containing 2.3 MBq (62.5 µCi)/200 mL of
[18F]-MRS5425. The slides containing brain sections were brought to room temperature,
separated into two groups, and pre-incubated in buffer solution for 10 min. One group of
slides was incubated in solution of [18F]-MRS5425 and the other group was incubated in
unlabeled compound plus [18F]-MRS5425 for 90 min. After incubation, the slides were
washed at 4 °C with 1× PBS with 0.01% Triton X, air dried and placed on a phosphor
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imaging plate with a pixel size of 25 µm (Fuji BAS-SR2025). After exposure overnight, the
plates were scanned using a Fuji Bio-imaging Analysis system 5000.

In vivo blocking
Twelve-week old male SD rats (n= 4) were intravenously administered ~12.9 MBq (350
µCi)/rat of [18F]-MRS5425 in saline (200 – 300 µL total volume) and rats were killed by
carbon dioxide asphyxiation at 30 min post injection. For blocking studies, two group of rats
were intravenously administered either 20 µg/rat (n = 3) or 100 µg/rat (n = 3) of
SCH442416 in 50 µL EtOH/saline solution immediately before [18F]-MRS5425. After
sacrificing the rats, the brains were removed and immediately quick-frozen in dry ice and
cut coronally into 50-µm thick sections. The slices were thaw-mounted onto adhesive coated
slides, air dried and placed on a phosphor imaging plate and processed for autoradiography
as detailed in the earlier paragraph.

In vivo bio-distribution study in rats
For biodistribution studies, rats were injected intravenously ~11.1 MBq (300 µCi)/rat of
[18F]-MRS5425 in saline (150 – 330 µL total volume) and killed by carbon dioxide
asphyxiation at 30 (n = 4), 60 (n = 4) and 120 min (n = 6). The brain, blood and other tissues
were taken from each animal and wet weighed. The radioactivity content of various tissues
was counted using a gamma counter (Wallac Wizard, Turku, Finland). The uptake of the
radioactivity was expressed as percentage of injected dose per gram (%ID/g).

PET studies
PET was performed using an Inveon microPET scanner (Siemens Medical Solutions). 6-
OHDA lesioned 13 – 14 weeks old male SD rats (5 ± 1 weeks after lesioning, a model of
late-stage asymmetrical PD) [17], and their age matched control (without lesion) were
imaged. Under isoflurane (2 – 3% v/v in O2) anesthesia, the rats were intravenously
administered 8.6 ± 2.2 MBq (235 ± 75 µCi)/rat of [18F]-MRS5425 in saline (130 – 420 µL
total volume), and emission scans were acquired for 30 min in list mode. Prior to
administration of the radiotracers, 6-OHDA-lesioned rats were intravenously administered
either saline (300 µL), D2-like (D2, D3) receptor antagonist raclopride (6 mg/kg in saline) or
D2-like receptor agonist quinpirole (1 mg/kg in saline). These doses were chosen on the
basis of prior neuroimaging studies in which drug-induced D2 receptor stimulation or
blocking have been reported [27, 38].

Upon completion of acquisition, images were reconstructed by a 2-dimensional ordered-
subsets expectation maximum algorithm (2D OSEM), and no correction was applied for
attenuation and scatter. For each scan, ROIs were manually drawn caudal to rostrally over
the caudate-putamen (striatum) region on decay-corrected coronal brain images. The
average radioactivity concentration within the caudate-putamen region was obtained from
mean pixel values within the ROI volume. These mean values were converted to counts/mL/
min using a conversion factor. Assuming a tissue density of 1 g/mL, the counts/mL/min
were converted to counts/g/min and then divided by the injected dose to obtain an imaging
ROI–derived percentage of injected dose per gram (%ID/g).

Statistical Analysis
Quantitative data were expressed as mean ± SEM. For bio-distribution studies, means were
compared using 1-way ANOVA. For PET studies, %ID/g in the lesioned (left) vs. intact
(right) sides of the brain was compared using a two tailed paired t-Test. The response to
quinpirole or raclopride was compared to the baseline (saline) %ID/g using two tailed un-
paired t-Test. P values less than 0.05 were considered statistically significant.
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Results
Chemistry and Radiochemistry

MRS5425 has been previously synthesized and binding selectivity evaluated [33]. CLogP, a
calculated measure of lipophilicity (ChemDraw, CambridgeSoft), was 3.18 for MRS5425
compared with 2.93 for SCH442416. The compound displays a Ki of 12.4 nM for A2A with
a 1000 fold selectivity over A1 and A3. [18F]-MRS5425 was prepared using a two-step
radiosynthesis sequence (scheme 2). The intermediate [18F]fluoroethyl 3,4-dibromobenzene
sulfonate (3) was obtained by treating ethane-1,2-diol bis(3,4-dibromobenzenesulfonate (2)
with [18F]fluoride in the presence of K-222 and K2CO3 and heating in a microwave.
Purified 3 was then reacted with the phenol 1 under basic conditions to provide [18F]-
MRS5425, which was purified by HPLC and formulated for injection. The radiochemical
yield based on starting [18F]fluoride and uncorrected for decay was 14.5 ± 3.6% (n = 8). The
radiochemical purity was greater than 98%.

In Vitro Brain autoradiography
Figure 1 (a– f) presents the representative distribution of radioactivity on coronal rat brain
slices by the phosphor-imaging technique. Brain slices incubated with [18F]-MRS5425 for
90 min showed radioactivity binding (dark area in Fig 1 b) in the caudate-putamen
(striatum) nucleus bilaterally. This binding to adenosineA2A was receptor specific as it could
be blocked by co-incubation with non-radioactive adenosine A2A antagonist SCH442416
(Fig 1 c).

Ex vivo Brain autoradiography
In the rats sacrificed at 30 min after [18F]-MRS5425 injection, 50 µm thick brain slices
showed radioactivity binding in the striatal region bilaterally (Fig. 1d). This ex vivo striatal
binding was selective and could also be dose dependently blocked by pre-administration of
non-radioactive A2A antagonist. When the rats were intravenously administered SCH442416
(20 µg/rat or 100 µg/rat) immediately prior to [18F]-MRS5425, striatal binding was slightly
reduced at 20 µg/rat (Fig 1 e), and more so at 100 µg/rat (Fig 1f).

In vivo biodistribution
In order to evaluate the kinetics of uptake and selective tissue accumulation, we conducted
in vivo biodistribution studies after intravenous administration of [18F]-MRS5425 in rats.
The animals were killed at 30, 60, and 120 min, and various tissues were harvested for
gamma counting and the data reported as % ID/g (Fig 2). The uptake in the A2A receptor-
containing striatum was 0.25 ± 0.09 %ID/g at 30 min (n = 4) and 0.35 ± 0.10 %ID/g at 60
min (n = 4) after injection followed by a significant reduction to 0.13 ± 0.03%ID/g at 120
min (n = 6). The biodistribution studies showed the primary accumulation to be in the
intestine and urine, through the metabolism of liver and kidneys, respectively.

PET kinetic experiment in normal rats
The radioactivity signal displayed in pseudo color-coded images in Figure 3a, showed that
the striatum (red and yellow) had significantly higher uptake than the cortical and other
regions (blue). The time activity curve (TAC) for [18F]-MRS5425 measured in the striatum
of rat brain is shown in Fig. 4a. The imaging ROI–derived %ID/g reached a maximum at 90
sec and maintained a plateau for 2 additional minutes. Then %ID/g declined slowly to 75%
of peak value at about 6 min and 50% of peak uptake by 17 min. The TAC measured in the
striatum was significantly higher from the cortex or cerebellum (data not shown).
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PET kinetic experiment in 6-OHDA-lesioned rats
The radioactivity signal displayed in pseudo color-coded images showed that the striatum
(red and yellow) in the lesioned side (arrow) is higher than the intact side (Fig. 3b). When
unilaterally 6-OHDA-lesioned rats were administered saline before [18F]-MRS5425, the
baseline %ID/g in the striatum of both lesioned and intact sides peaked at 90 sec, as in the
normal rats, and maintained a brief plateau for about 3 min, which is one minute prolonged
compared to normal rats (Fig. 4 a and b). From that time point to the end of acquisition at 30
min, TAC showed that %ID/g is significantly higher in the lesioned side compared to intact
side (p < 0.05).

When unilaterally 6-OHDA-lesioned rats are administered D2 receptor agonist quinpirole or
D2 receptor blocker raclopride before [18F]-MRS5425, there is no difference in %ID/g in
the striatum between lesioned and intact sides (data not shown). Data from both
hemispheres, therefore, were combined and referred to as “total %ID/g” data. The total
%ID/g response to either quinpirole or raclopride was compared to baseline (total %ID/g
response to saline). TAC showed that the baseline total %ID/g is significantly higher
compared to quinpirole stimulation starting from 4.5 min until the end of acquisition at 30
min (Fig. 4c). There is no difference in total %ID/g response in rats between saline and
raclopride (data not shown).

Discussion
MRS5425 is a high affinity A2A ligand with 1000-fold selectivity over other adenosine
receptor subtypes. Although somewhat lower affinity than SCH442416, the affinity data
predict good imaging results. There is very little difference between MRS5425 and
SCH442416 in calculated cLogP. We demonstrated specific uptake using ex vivo
autoradiography, which showed that uptake of [18F]MRS5425 was significantly (20 ug) or
completely (100 ug) reduced by pre-administration of SCH442416 (Figure 1d–1f). By
studying [18F]-MRS5425 binding, kinetics and TAC in the rat brain at baseline (saline) and
in response to quinpirole and raclopride, we have separated the radioactive uptake arising
from adenosine A2A receptors in normal rats and in a rat model of unilateral PD. Our choice
of these drugs for competition studies with [18F]-MRS5425 were hypothesis driven based on
the anticipated effect on the radioligand uptake.

We elected to use the hemi-Parkinson’s rat model, which would allow the non-lesioned side
as an internal control. The hemi-Parkinson’s model is created by 6-hydroxydopamine
injection into the area of substantia nigra or medial forebrain bundle. The neurotoxin causes
a reduction of dopamine signaling in the striatum. The model is commercially available and
the literature reports of the stereotaxic coordinates for the injection vary somewhat. The
model is verified by the characteristic rotation pattern of the lesioned rats following
treatment with apomorphine. Rats subjected to unilateral lesion of the substantia nigra at 8
weeks of age, and studied while anesthetized at 13–14 weeks of age, demonstrated
significantly increased values of %ID/g of [18F]MRS5425, a marker of adenosine A2A
receptor-mediated uptake, in the striatum on the lesioned compared with intact hemisphere.
An unpaired t-test analysis showed that 1 mg/kg i.v. of quinpirole, a D2 receptor agonist,
produced a statistically significant decrease in total %ID/g (measured in bilateral striatum)
compared with baseline (total %ID/g response to saline) in 6-OHDA-lesioned rats. In
contrast to quinpirole, 6 mg/kg i.v. of raclopride, a D2 receptor antagonist did not produce
any significant change in total %ID/g compared with saline.

A biodistribution study has been reported in normal rats after injecting [11C]-SCH442416,
the maximum radioactivity accumulation measured in the striatum was at 5 min [39] and
thereafter %ID/g declined rapidly and reached 50% of its peak by 25 min and to its lowest
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value by 60 min. In the study presented here, %ID/g measured in the striatum in normal rats
at 30 min and 60 min are almost at the same level and declined thereafter. Blood may
continue to provide input function over 2 h (see Fig. 2), however, parent compound in the
blood was not determined in our study. In spite of the blood-brain-barrier, uptake of [18F]-
MRS5425 in the striatum was ~ 2-fold higher at 30 and 60 min compared to blood. This
suggests that [18F]-MRS5425 may be a viable molecular imaging probe for pathological
conditions with elevated adenosine A2A receptors.

We analyzed by HPLC-MS in vitro rat hepatocyte metabolism of [18F]MRS5425 and
observed a major fluorine-containing metabolite, which because of its significantly higher
polarity and the increase in the m/z by 16 was believed to be the result of N-oxidation. This
compound would not be expected to cross the blood-brain barrier. There was also evidence
for defluorination in the rat hepatocyte incubation. Defluorination, manifested by skull
uptake can confound accurate quantitation in brain cortex [40]. However, bone uptake was
not observed in our imaging studies, which indicates that this is an insignificant metabolite
in rats.

Our results are comparable to a previous PET study using [11C]-SCH442416 in anesthetized
monkeys [39]. In that study, the greatest radioactivity of [11C]-SCH442416 was detected at
the striatum, and lower levels were found in the cerebellum and cortex. Consistent with that
report, we also observed low values of %ID/g in those areas compared to striatum. The
concentration of A2A receptors are negligible in the cerebellum and cortical brain regions [6]
and thus, would contribute to low values of %ID/g. In the study presented here, the %ID/g
measured in the striatum peaked at 90 sec after administering [18F]-MRS5425, held a
plateau until 3.5 min in normal rats and 4.5 min in 6-OHDA rats, and declined slowly
thereafter. Due to huge species differences in blood flow and metabolism, the %ID/g values
that we observed are about ~20-fold greater, and had peaked earlier compared with 0.035
%ID/mL measured (between 2 min and 4 min acquisition frame) in monkeys using [11C]-
SCH442416 [39].

In PET imaging, the higher baseline ipsilateral values of %ID/g (following saline) in 6-
OHDA-lesioned rats was coherent with our early prediction. They likely represented
upregulated or disinhibited baseline A2A receptor-mediated uptake in ipsilateral
extrapyramidal and related circuitry, due to increased sensitivity to A2A analog in relation to
increased levels of A2A receptors [21, 23, 24, 26, 41]. In addition to direct A2A receptor
mediated uptake, the increased baseline values of %ID/g could have reflected increased A2A
signaling via stimulatory metabotropic glutamate mGlu5 receptors [42] or via activating
other adenylate cyclase-coupled neuroreceptors including D2. As 6-OHDA-lesioning also
upregulates the post-synaptic D2 receptors [18, 26, 43] and removes the D2 inhibition at the
level of the A2A activated adenylate cyclase, the result is an enhancement of A2A receptor-
mediated uptake [44–46]. Rats lesioned with 6-OHDA have a 20% increase in mRNA,
protein, and/or transcription of A2A receptors [21]; a 30–280% increase in these markers of
A2A have been observed in Parkinson’s disease patients [23, 24]. We found a statistically
significant increase of 9~ 12% in the %ID/g in the lesioned striatum, which is consistent
with the upregulation of A2A receptors in rats. If a similar trend is translated in human, A2A
receptor-mediated PET imaging could be a crucial tool to identify human Parkinson’s
disease.

In normal brain, A2A receptor is oppositionally coupled with the D2 receptors at the
striatopallidal neurons [1, 6, 7]. The new finding of increased ipsilateral A2A-initiated
signaling and earlier evidence of increased ipsilateral D2-initiated signaling [27, 28, 41]
argue that both of the receptors became upregulated and supersensitive in the unilaterally 6-
OHDA-lesioned rat model of Parkinson’s disease. However, at the signaling level,
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stimulation of D2 receptors by quinpirole antagonizes the effects secondary to A2A receptor
mediated signaling [7, 44, 47]. In agreement, we identified that A2A-mediated total %ID/g
response was significantly decreased after acute injection of quinpirole. However, we did
not find asymmetry in A2A-mediated uptake in response to either quinpirole or raclopride in
unilaterally 6-OHDA-lesioned rats, which is further to be explored.

In summary, A2A receptor mediated uptake was increased in the striatum ipsilateral to a 6-
OHDA-lesioned rats, a model of late stage asymmetrical Parkinson’s disease. This increase
corresponds to reported elevated expression of A2A receptors in the regions and could be an
imperious molecular target for Parkinson’s imaging. An upregulated A2A initiated signaling
associated with D2 receptor supersensitivity may exist in Parkinson’s disease and contribute
to its symptoms.
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Figure 1.
In vitro and ex vivo autoradiography of coronal rat brain sections compared with drawing of
brain anatomy (1a). In vitro autoradiograms following 90 min incubation with 2.3 MBq
[18F]-MRS5425 (1b) and co-incubation with 2.3 MBq [18F]-MRS5425 and SCH442416
(1c). Ex vivo autoradiograms of brain slices obtained 30 min following injection of 12.9
MBq [18F]-MRS5425 (1d), at the same time point following pre-administration of
SCH442416 at doses of 20 µg/rat (1e) and 100 µg/rat (1f).
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Figure 2.
In vivo biodistribution of [18F]-MRS5425 (11.1 MBq dose) at 30, 60 and 120 min post-
administration in normal rats.
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Figure 3.
PET images following administration of [18F]-MRS5425 (8.6 ± 2.2 MBq). Each image is the
sum of 10 min counting as indicated below the panels from left to right: (a) images in a
normal rat; (b) images from a 6-OHDA-lesioned rat; (c) images from an unilaterally 6-
OHDA-lesioned rat with an immediate pre-administration of quinpirole; (d) images from an
unilaterally 6-OHDA-lesioned rat with a pre-administration of raclopride. The arrows in b–d
indicate the 6-OHDA-lesioned side.
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Figure 4.
Striatal time-activity-curves (TACs) determined from dynamic acquisition of PET data. a)
TAC in normal rat. b) TACs for 6-OHDA-lesioned rats comparing lesioned side with intact
side. p<0.05 at each time point beginning at 330 sec until end of scan. c) TACs for 6-
OHDA-lesioned rats immediately pre-injected with saline compared with quinpirole (p <
0.05 from 330 sec until end of scan).
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Scheme 1.
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Scheme 2.
The radiochemical synthesis of [18F]-MRS5425.
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