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ABSTRACT: 2-(2-Furanyl)-7-[2-[4-[4-(2-[11C]methoxyethoxy)phenyl]-1-pipera-
zinyl] ethyl] 7H-pyrazolo [4,3-e] [1,2,4]triazolo [1,5-c] pyrimidine-5-amine [11

C]-3 
([11C]Preladenant) was developed for mapping cerebral adenosine A2A receptors 
(A2ARs) with PET. The tracer was synthesized in high specific activity and purity. 
Tissue distribution was studied by PET imaging, ex vivo biodistribution and in 

vitro autoradiography experiments. Regional brain uptake of [11
C]-3 was consistent 

with known A2ARs distribution, with highest uptake in striatum. The results 
indicate that [

11
C]-3 has favorable brain kinetics and exhibits suitable 

characteristics as an A2AR PET tracer. 

Key words: Adenosine A2A receptors, Positron emission tomography, Preladenant, 

Brain imaging. 
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INTRODUCTION 

Adenosine A2A receptors (A2ARs) are G-protein coupled receptors that are mainly 

expressed on the dendritic spines of enkephalin-expressing GABAergic 

striatopallidal neurons in the brain 76. A2ARs are involved in many neuropsychiatric 

disorders, such as Parkinson’s disease (PD), Huntington’s disease, Alzheimer’s 

disease, drug addiction, alcohol abuse, epilepsy seizures, sleep disorders and 

schizophrenia. A2ARs play an important role in regulation of striatal dopaminergic 

transmission in the basal ganglia through antagonistic interactions between 

postsynaptic A2A and dopamine D2 receptors (D2Rs) 11. In addition, A2ARs may play 

a role in the regulation of excitatory glutamatergic neurotransmission because of 

their ability to form functional heterodimers with D2Rs, metabotropic glutamate 

receptor 5, cannabinoid receptor type 1 and adenosine A1 receptors (A1Rs) 10,13. A 

number of studies have suggested that blockade of A2ARs reduces overactivity of 

the indirect dopamine pathway observed during PD 77. It has been shown that 

inhibition of A2AR-mediated signaling can alleviate motor deficits 31,78,79 without 

provoking marked levodopa-induced dyskinesia 30,80. To gain a better 

understanding of the involvement of A2ARs in disease conditions, noninvasive 

imaging of the density and occupancy of these receptors could provide valuable 

information. 

Positron-emission tomography (PET) is a noninvasive imaging technique that 

allows quantitative measurements of physiological processes in living subjects. 

Therefore, PET could be applied to study changes in the distribution and 

expression of A2ARs in pathological conditions in vivo. Several 11C and 18F labeled 

ligands have been evaluated as PET tracers for A2ARs 81-86. (E)-8-(3,4,5-

trimethoxystyryl)-1,3-dimethyl-7-[11C]methylxanthine [11
C]-1 ([11C]TMSX) and 7-

(3-(4-[11C]methoxyphenyl)propyl)-2-(2-furyl)pyrazolo[4,3-e]-1,2,4-triazolo[1,5-

c]pyrimidine-5-amine [11
C]-2 ([11C]SCH442416) are the best characterized tracers 

for mapping cerebral A2ARs (Figure 2.1) 51,87. However, low binding potentials, 

high nonspecific binding and consequently low target-to-nontarget ratios (e.g., 

striatum-to-cerebellum ratio at 15 min: 1.2 and 2.2 in monkeys for [
11

C]-1 and 

[
11

C]-2, respectively) are important disadvantages of these tracers (Figure 2.1) 81,83. 

Therefore, new improved radioligands with a high degree of selectivity, high 

enough affinity to image receptors but not so high as to compromise receptor 

quantification and good pharmacokinetic properties are required for mapping 

A2ARs in the living brain. 



Chapter 2   

30 

2-(2-Furanyl)-7-[2-[4-[4-(2-methoxyethoxy)phenyl]-1-piperazinyl]ethyl]7H-

pyrazolo[4,3-e] [1,2,4]triazolo[1,5-c]pyrimidine-5-amine 3 (Preladenant) is an 

A2AR antagonist, which readily crosses the blood-brain-barrier, shows a high 

affinity (Ki = 1.1 nM, human A2ARs) and selectivity towards A2ARs (> 1000 fold 

selective for A2ARs over adenosine A1, A2B, and A3 receptors) 88. It exhibited an 

adequate safety, tolerability and clinical efficacy profile in preclinical and phase I 

and II clinical trials. However, it failed to demonstrate clinical efficacy in phase III 

and hence its clinical evaluation as treatment of Parkinson’s disease was stopped. 

Yet, the properties of 3 could still make it a potential PET tracer for in vivo imaging 

of A2ARs, because treatment efficacy is not an issue for the development of 

radiotracers. Furthermore, easy and quick incorporation of a radionuclide by 

[11C]methylation of the 2-(4-(4-(2-(5-amino-2-(furan-2-yl)-7H-pyrazolo[4,3-

e][1,2,4]triazolo[1,5-c] pyrimidin -7-yl)ethyl)piperazin-1-yl)phenoxy) ethoxy-

methane 4 (O-desmethyl preladenant precursor) molecule seems to be possible. In 

addition, large expenses in the radiotracer development process can be avoided, 

because the toxicity and metabolic profile of 3 are known. In this paper, we report 

the synthesis and in vivo evaluation of 2-(2-Furanyl)-7-[2-[4-[4-(2-

[11C]methoxyethoxy)phenyl]-1-piperazinyl] ethyl]7H-pyrazolo[4,3-e][1,2,4] 

triazolo[1,5-c]pyrimidine-5-amine [
11

C]-3 ([11C] preladenant) as PET tracer for 

the imaging of A2ARs in the rat brain.  

 

Figure 2.1 Structures of the best characterized A2AR PET imaging agents, [11C]-3 and an A2AR 
selective antagonist 5. 
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MATERIALS AND METHODS 

Compound 3 (Preladenant) was purchased from Chemscene, LLC (USA). Silicon 

tetrachloride and sodium iodide were procured from Sigma-Aldrich (The 

Netherlands). Compound 5 was purchased from Axon Medchem BV (the 

Netherlands). All other chemicals were of analytical grade and obtained from 

commercial suppliers. All were used without further purification.  

1H and 13C nuclear magnetic resonance (NMR) spectra were recorded on a Varian 

Oxford 400 MHz spectrometer (400 MHz and 100.59 MHz, respectively), 

Chemical shifts are reported as δ values and coupling constants in hertz (Hz). 

Chemical shifts for 1H and 13C NMR were reported in ppm relative to the 

tetramethylsilane peak. electro-spray ionization high-resolution mass spectrometry 

(ESI-HRMS) was used to assess the exact molecular weight of O-desmethyl 

preladenant 4.  

Synthesis of O-desmethylpreladenant (4) 

Compound 3 (0.1 g, 0.2 mmol) and sodium iodide (0.54 g, 3.6 mmol) were 

dissolved in a mixture of dichloromethane (8 mL) and acetonitrile (8 mL). To this 

mixture, silicon tetrachloride (0.4 mL, 3.6 mmol) was added and the reaction 

mixture was stirred continuously at room temperature for 17 h. The reaction was 

quenched by pouring the reaction mixture into water (8 mL). The suspension was 

basified to pH ≥ 10 by the addition of 20% sodium hydroxide solution (2 mL). This 

two-layer system was stirred vigorously for another 2 h. The organic layer was then 

removed and the aqueous phase was filtered. The crude product (residue) was 

purified by washing it with water (5×8 mL) and then with acetone (3×3 mL) to get 

4 (0.08 g, 0.16 mmol, 82%) as a white solid (Scheme 2.1). Reversed phase-high 

performance liquid chromatography (RP-HPLC) using Phenomenex prodigy ODS 

(3) C-18 HPLC column (5 µm, 10×250 mm) was used to check the purity of 

precursor 4. The product was eluted with a mobile phase, consisting of 0.1 M 

ammonium acetate/acetonitrile (60:40 v/v), at a flow rate of 4 mL/min. The purity 

of precursor 4 was typically 98%. 

1
H NMR (400 MHz, DMSO-d6): δ = 8.21 (s, 1H), 8.11 (bs, 2H, NH2), 7.98 (s, 1H), 

7.26 (d, J = 3.4, 1H), 6.90-6.80 (m, 4H), 6.77 (dd, J = 3.3, 1.7, 1H), 4.84 (t, J = 5.5, 

1H), 4.46 (t, J = 6.7, 2H), 3.92 (t, J = 5.1, 2H), 3.70 (dd, J = 10.3, 5.2, 2H), 3.05-

2.95 (m, 4H), 2.92-2.83 (m, 2H), 2.68-2.56 (m, 4H). 
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13
C NMR (100 MHz, DMSO-d6): δ = 155.8, 152.7, 149.1, 149.1, 146.7, 145.9, 

145.8, 145.5, 131.9, 96.1, 117.7, 115.4, 112.7, 112.6, 70.2, 60.1, 57.0, 53.1, 49.9, 

44.8. 

ESI-HRMS m/z 490.2309 [M+H]+, C24H27N9O3.H
+: Calcd. 490.2315. 

Synthesis of [
11

C]preladenant 

[11C]Methane was produced via the 14N (p, α) 11C nuclear reaction by irradiating 

a nitrogen/hydrogen gas mixture using a Scanditronix MC17 cyclotron. [11C]H3I 

was prepared based on a gas-phase synthesis involving the reaction of [11C]H4 

with I2 
89. [11C]H3I was trapped in a conical vial containing 1 mg 4 and 10 mg 

potassium hydroxide in 0.3 mL anhydrous DMSO at room temperature. The 

sure/seal bottle from Sigma-Aldrich ensures dryness for storing and dispensing 

anhydrous DMSO. Once opened, bottle was stored in a vacuum desiccator at 

room temperature until further use (within a month). After trapping of [11C]H3I 

was complete, the reaction mixture was heated at 40 oC for 3 min. Subsequently, 

the mixture was neutralized with 0.2 mL 1M HCl, filtered [0.45 µm 

Polytetrafluoroethylene syringe filter], diluted with 0.5 mL HPLC eluent and 

purified by RP-HPLC using Phenomenex prodigy ODS (3) C-18 HPLC column 

(5 µm, 10×250 mm). The mixture was eluted with a mobile phase, consisting of 

0.1 M ammonium acetate/acetonitrile (60:40 v/v), at a flow rate of 4 mL/min. 

The radioactive product with a retention time of approximately 11 min was 

collected and diluted with water (90 mL). The product was trapped on a C18 light 

SepPak cartridge (Waters). The cartridge was washed twice with 8 mL water. The 

cartridge was eluted with 1 mL ethanol, 4 mL PBS and the eluent was sterilized 

over a 0.22 µm Millex LG sterilization filter. Then, the formulated tracer was 

submitted to quality control (QC) (Scheme 2.1).  

 

Scheme 2.1 Synthesis of precursor (4) and radiosynthesis of [11C]preladenant ([11C]-3) 
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QC was performed by ultra-high performance liquid chromatography (UPLC), 

consisting of a Waters (Milford, MA) Acquity Ultraperformance LC quaternary 

solvent manager coupled to a tunable, dual-wavelength UV detector operated at 

254 nm and a radioactivity detector (Berthold Flowstar LB 513). The radioactive 

product (10 µL) was injected onto an Ethylene Bridged Hybrid (BEH) shield RP-

18 column (3.0×50 mm, 1.7 µm) and eluted with acetonitrile/water pH 2 (25:75 

v/v) at a flow rate of 0.6 mL/min. The column temperature was set at 35 °C. 

Distribution constant (LogD)  

An aliquot of 10 µL of formulated [11
C]-3 was added to a mixture of n-octanol/PBS 

(1 mL, 1:1 v/v). The tubes were vortexed for 1 min, followed by 30 min of shaking 

in a water bath at 37 °C. 200 µL aliquots were drawn from the n-octanol and 

aqueous phases. The radioactivity in each phase was counted by a well counter 

(Compugamma 1282 CS, LKB-Wallac, Turku, Finland). The experiments were 

performed in quadruplicate and repeated for six independent tracer productions. 

The average LogD value and the standard deviation (SD) are reported. 

In vitro autoradiography 

Brains were taken from young (10-11 weeks of age; 300-350 g body weight) male 

Wistar rats (Harlan, The Netherlands) and cut into halves along the sagittal 

symmetry plane. Sagittal sections of 20 µm thickness were cut at -18 °C with Leica 

CM 1950 microtome (Leica Biosystems, The Netherlands) and thaw-mounted onto 

starfrost adhesive pre-coated slides (76×26 mm, Waldemar Knittel, Germany). 

Brain sections were air-dried at room temperature for 45 min and stored at -80 °C 

until further use (within 1 week). 

On the day of the experiment, the sections were allowed to warm to room 

temperature for 5-10 min and then pre-incubated with incubation buffer (50 mM 

Tris-HCl, 10 mM MgCl2, 0.1% bovine serum albumin, pH 7.4 at 25 °C) for 15 min 

at room temperature. After the incubation buffer was removed, sections were 

placed into jars containing incubation buffer (70 mL, 37 °C) and [
11

C]-3 at a 

concentration of 12.5 ± 3.0 nM (n = 3). Nonspecific binding was determined by 

placing sections into jars containing same amounts of incubation buffer and tracer, 

but in addition of 2 µM compound 5. The slides were incubated for 60 min at 37 
°C, then washed twice with ice-cold PBS (70 mL, 5 min + 3 min), dipped for 15 s 

into ice-cold sterile water (70 mL) and dried with an air flow at room temperature. 

The slices were then exposed to phosphor storage screens for 3 h. The screens were 
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read by a Cyclone Storage Phosphor System (Packard Instruments Co). 

Quantification of plate readings was performed with Optiquant (version 3.00). 

Regions of interest (ROIs) were drawn manually around the striatum and 

cerebellum. Regional uptake of radioactivity was measured and expressed as 

digital light units/mm2. 

Animals 

The protocol was approved by the Institutional Animal Care and Use Committee of 

the University of Groningen (DEC 6689B). Male outbred Wistar-Unilever rats 

(Hsd/Cpb:WU, 10-12 weeks old, 300-400 grams) were purchased from Harlan 

(The Netherlands). The animals were housed in Macrolon cages (38×26×24 cm) at 

a 12 h light-dark cycle and were fed with standard laboratory chow (RMH-B, The 

Netherlands) and water ad libitum. After arrival from the supplier, the rats were 

allowed to acclimatize for at least seven days. Prior to PET imaging, animals were 

anesthetized with isoflurane in medical air (5% isoflurane for induction, 1.5-2.5% 

isoflurane for maintenance) and kept on electronic heating pads to maintain their 

body temperature during the study. Cannulas were placed in the femoral vein and 

artery for tracer injection with a Harvard-style pump at a speed of 1 mL/min and 

for blood sampling, respectively. Seven to ten min before tracer injection, vehicle 

(50 % dimethylacetamide (DMAA) in saline) or an A2A antagonist 5 (1 mg/kg/mL) 

in a solution of 50% DMAA in saline was injected intraperitoneally. Heart rate and 

blood oxygenation level of animals were monitored throughout the scanning 

procedure, using pulse oximeters (Zevenaar, The Netherlands). 

PET acquisition 

PET imaging was performed using a Focus220 MicroPET camera (Preclinical 

solutions, Siemens Healthcare Molecular Imaging, USA Inc.). Two animals were 

scanned simultaneously (supine position) using a 60 min scan protocol. The brains 

of both animals were placed in the center of the field of view. A transmission scan 

of 515 s using a 57Co point source was made before the emission scan. The 

emission scan was started at the moment the tracer (107.3 ± 32.3 MBq, 4.70 ± 1.29 

nmol) entered the body.  

PET data processing 

List mode emission data were separated in 21 time frames (6×10, 4×30, 2×60, 

1×120, 1×180, 4×300, 3×600 s). The data were reconstructed per time frame using 
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an iterative reconstruction algorithm (attenuation-weighted 2-dimensional ordered-

subset expectation maximization, 4 iterations, 16 subsets; zoom factor 2, image 

matrix 256). After cropping, the final datasets consisted of 95 slices with a slice 

thickness of 0.8 mm and an in-plane image matrix of 128×128 pixels of size 0.47 

mm. Datasets were fully corrected for random coincidences, scatter, decay and 

attenuation. 

Time frames of each PET scan were summed and coregistered to a magnetic 

resonance imaging (MRI) template of a rat brain with predefined volumes of 

interest (VOIs). The VOIs were transferred from the MRI template to the PET data, 

and regional time-activity curves (TACs, Bq/cm2) were generated for whole brain, 

total cortex, frontal cortex, occipital cortex, parietal cortex, striatum, midbrain, 

thalamus, hippocampus and cerebellum using Inveon Research Workplace 

(Siemens Medical Solutions, Knoxville, TN). TACs were normalized for body 

weight (g) and injected dose (MBq) to obtain standardized uptake values (SUVs) as 

function of time.  

Plasma metabolite analysis 

Blood samples were taken at 5, 15, 30, 45 and 60 min after tracer injection. Blood 

samples were centrifuged for 2 min at 1000 g to obtain the plasma. Proteins were 

removed by mixing plasma with 1.5 volumes of ice-cold acetonitrile, followed by 

centrifugation for 3 min at 3000 g. Samples (100 µL) of the supernatant were 

filtered through a 0.45 µm Polyvinylidene fluoride filter (Millex-HV) and were 

subsequently injected to a UPLC using an Acquity UPLC HSS T3 UPLC column 

(1.8 µm, 3.0 × 50 mm) and a gradient containing water, water (pH = 2 with HClO4) 

and acetonitrile as mobile phase with flow rate of 1.1 mL/min. The eluted fractions 

were collected every 30 s and measured with a gamma counter. Measured activity 

(cpm) was plotted as a function of time. The percentage of intact tracer was 

calculated by dividing activity (cpm) of fractions at the retention time of 3 by 

activity (cpm) of all fractions. 

Ex vivo biodistribution 

After the PET scan, animals were sacrificed by extirpation of the heart. Blood was 

collected and processed by centrifugation for 5 min at 1000 g to obtain the plasma 

and red blood cell fractions. Several brain regions and peripheral tissues were 

excised and weighed. Radioactivity of tissue samples and in a sample of tracer 

solution (infusate) was measured using a calibrated gamma counter. The data was 
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expressed as SUV. 

Statistical analysis 

All results are expressed as mean ± SD. Differences between groups were 

examined using an unpaired two-tailed t-test. P < 0.05 was considered statistically 

significant. 

RESULTS AND DISCUSSION 

Synthesis of O-desmethylpreladenant 

Selective O-demethylation (Scheme 2.1) of commercially available 3 with the 

silicon tetrachloride /sodium iodide complex yielded 4 in a chemical yield of 82%. 

RP-HPLC demonstrated that the purity of 4 was always >98%, no signal was 

detected at the retention time of 3. This retro-synthetic approach was adopted to 

avoid a cumbersome multi-step approach for the synthesis of precursor 4. The 

identity of compound 4 was confirmed by 1H and 13C NMR and ESI-HRMS. The 

silicon tetrachloride/sodium iodide complex is a selective ether cleaving reagent, 

which is able to cleave the terminal methyl ether, leaving the phenyl ether intact. 

Other ether cleaving reagents, including BBr3 and AlI3, showed poor selectivity, 

resulting in the formation of a mixture of terminal alcohol and phenol analogues as 

products. 

Synthesis of [
11

C]preladenant  

[
11

C]-3 was prepared by reaction of precursor 4 with [11C]H3I in the presence of 

potassium hydroxide using a Zymark robotic system (Scheme 2.1). The resulting 

radiolabeled product [11
C]-3 was purified by RP-HPLC, followed by a solid-phase 

extraction procedure for formulation. The average decay corrected radiochemical 

yield, calculated from [11C]H3I, was 35 ± 10% (n = 18). The radiolabelling 

procedure proved reliable, as no failures were observed in 18 productions. The total 

synthesis time, including purification and formulation, was about 45 min. Quality 

control by UPLC showed that [
11

C]-3 always had a radiochemical purity > 98% 

and a specific activity of 47 ± 20 GBq/µmol. Tracer identity was confirmed by RP-

HPLC coelution with the authentic reference compound 3. In addition, the identity 

of the product was confirmed after radioactive decay by UPLC-quadrupole time of 

flight mass spectrometry; the observed mass of the product (m/z 504.2478) was in 

agreement with the calculated mass of 3 (504.2471). Although theoretically 

alkylation could have occurred at either the amine or alcohol functionalities in 
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precursor 4, a fragment with m/z 263.1761 proved that the labeled product was 

indeed methyl ether [
11

C]-3 and not the N-methylated product (see Scheme 2.1 and 

Figure 2.2). Potassium hydroxide was used as a base in the radiosynthesis to 

deprotonate the hydroxyl group of precursor 4 and thus to increase its reactivity 

towards [
11

C]H3I. For the successful formation of product [
11

C]-3, a low reaction 

temperature (40 
o
C) and anhydrous reaction conditions are crucial. Reaction 

temperatures above 40 
o
C resulted in low yields; temperatures above 130 

o
C yielded 

the N-methylated by-product 

(Figure 2.2). Moisture in the 

reaction mixture also resulted in 

the formation of the N-

methylated compound (Figure 

2.2), low yield or failure of the 

tracer synthesis. To determine 

tracer stability, the formulated 

tracer (> 98% radiochemical purity) was stored at room temperature and re-

analyzed by UPLC 45 min after the first analysis. The radiochemical purity of 

formulated [
11

C]-3 was not affected by storage at room temperature for 45 min, 

indicating that the shelf-life of the tracer is at least 45 min and thus sufficient for a 

tracer labeled with 
11

C (half-life 20.4 min).  

The distribution coefficient (LogD) of [
11

C]-3 at pH 7.4 was found to be 2.27 ± 

0.22 (n = 6), demonstrating that the tracer is lipophilic enough to penetrate the 

blood-brain-barrier. The observed LogD values may have been underestimated due 

to the potential presence of trace amounts of water soluble radioactive impurities. 

In vitro autoradiography 

Autoradiographic images of sagittal 

rat brain sections incubated with 

[
11

C]-3 for 60 min are shown in 

Figure 2.3. High tracer uptake was 

observed in striatum, whereas low 

uptake was found in all other brain 

regions. Incubation of the brain 

sections with [
11

C]-3 in the presence 

of an excess of the subtype-selective 

A2AR antagonist (E)-1,3-diethyl-8-

 

Figure 2.3 In vitro autoradiograms of sagittal rat 
brain sections after 60 min of incubation with 
[11C]-3. Left: vehicle-control brain section, Right: 
coincubated with 2 µM 5. 

Figure 2.2 Structure of a radiosynthetic by-product. 
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(3,4-dimethoxystyryl)-7-methyl-3,7-dhydro-1H-purine-2,6-dione 5 (KW6002, 2 

µM) 12 resulted in a strong reduction of tracer uptake in striatum to a level 

comparable to that in other brain regions. Striatum-to-cerebellum uptake ratios in 

brain sections incubated with [11
C]-3 in the absence or presence of 2 µM KW6002 

were 5.1 ± 0.5 (n = 3) and 1.0 ± 0.2 (n = 3), respectively (P < 0.001). In vitro 

autoradiography (ARG) studies confirmed that the [
11

C]-3 binding pattern is in 

agreement with the known A2AR distribution in the brain20, 21 and that [
11

C]-3 

binding in striatum (region with high levels of A2AR expression) can be effectively 

blocked by an A2AR antagonist, indicating that the PET tracer specifically binds to 

A2ARs. 

Ex vivo biodistribution  

Ex vivo biodistribution (BD) data of [11
C]-3 in various brain regions is presented in 

Table 2.1. The distribution of the PET tracer is in accordance with known regional 

A2AR densities, with high tracer uptake in striatum and low uptake in all extra-

striatal brain regions 90,91.  In control animals, the average striatum (SUV = 3.0 ± 

0.5) to cerebellum (SUV = 0.36 ± 0.10) tracer uptake ratio was 8.7 ± 2.4 at around 

75 min post-injection. Pretreatment with 1 mg/kg of the A2AR selective antagonist 

5 significantly reduced the tracer uptake in striatum by 82% (SUVstriatum, compound 5 = 

0.55 ± 0.22; P < 0.001). As a consequence, the striatum-to-cerebellum uptake ratio 

decreased to 1.6 ± 0.4. No statistically significant difference in tracer uptake 

between control and compound 5-pretreated rats was observed in any other brain 

region or in any peripheral organ (Table 2.1). 

Table 2.1 SUVs of rat brain structures and peripheral organs obtained by ex vivo biodistribution of 
[11C]-3 at 75 min after injection. 

Tissue 
Vehicle-control 

animals 

KW6002- 

pretreated 

Significance 

(p) 

Bulbus olfactorius 0.31 ± 0.03 0.30 ± 0.10 NS 

Cerebellum 0.36 ± 0.09 0.35 ± 0.13 NS 

Frontal cortex 0.35 ± 0.05 0.32 ± 0.11 NS 

Hippocampus 0.30 ± 0.03 0.35 ± 0.13 NS 

Medulla 0.33 ± 0.05 0.34 ± 0.12 NS 

Parietal/Temporal/Occipital 

cortex 
0.45 ± 0.05 0.35 ± 0.12 NS 

Pons 0.31 ± 0.01 0.36 ± 0.12 NS 
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Tissue 
Vehicle-control 

animals 

KW6002- 

pretreated 

Significance 

(p) 

Hypothalamus and Thalamus 0.37 ± 0.09 0.35 ± 0.14 NS 

Striatum 3.01 ± 0.51 0.54 ± 0.24 < 0.001 

Whole blood 0.44 ± 0.20 0.28 ± 0.15 NS 

Plasma 0.45 ± 0.22 0.29 ± 0.15 NS 

Red blood cells 0.26 ± 0.03 0.23 ± 0.12 NS 

Heart 0.82 ± 0.09 0.69 ± 0.38 NS 

Lung 1.05 ± 0.40 1.08 ± 0.59 NS 

Thymus 0.66 ± 0.07 0.57 ± 0.32 NS 

Duodenum 3.82 ± 2.12 2.42 ± 0.58 NS 

Ileum 0.86 ± 0.40 0.84 ± 0.49 NS 

Pancreas 1.18 ± 0.21 1.12 ± 0.65 NS 

Spleen 1.10 ± 0.11 1.07 ± 0.63 NS 

Liver 3.27 ± 1.66 3.32 ± 1.84 NS 

Fatty tissue 0.67 ± 0.07 0.49 ± 0.34 NS 

Adrenal gland 2.29 ± 1.03 1.90 ± 0.99 NS 

Kidney 1.52 ± 0.56 1.36 ± 0.78 NS 

Muscle 0.55 ± 0.21 0.37 ± 0.21 NS 

Bone 0.44 ± 0.28 0.28 ± 0.14 NS 

SUV values (mean ± S.D.) are listed, NS = not significant 

Plasma metabolite analysis 

UPLC showed the presence of polar 

metabolites in plasma which are 

unlikely to enter the brain. The 

tracer displayed a moderate 

metabolism rate with 49% of plasma 

radioactivity representing parent 

compound at 60 min post-injection 

(Figure 2.4). 

  

Figure 2.4 Time course of the percentage of intact 
parent compound in plasma after i.v. injection of 
[11C]-3 (n = 4). Error bars indicate SD. 
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PET imaging 

Small animal PET images 

acquired 30-60 min after 

injection of [
11

C]-3 are presented 

in Figure 2.5. [
11

C]-3 showed a 

regional distribution in rat brain 

that corresponds to regional 

A2AR densities 
90,91

. Tracer 

uptake in striatum was clearly 

visible in vehicle-treated animals 

(Figure 2.5, left), whereas extra-

striatal binding of the tracer was 

virtually absent.  

Tracer kinetics of [
11

C]-3 in 

several selected brain regions are 

presented in Figure 2.6A. The 

first peak of the cerebral [
11

C]-3 

uptake appeared approximately 1 min after tracer administration. The washout of 

[
11

C]-3 from rat brain was best fitted by a two-exponential decay in the cerebellum. 

In this region, half-life values were approximately 1 min and 50 min for the faster 

component (t1/2α - distribution phase) and slower component (t1/2β - elimination 

phase), respectively (Figure 2.6A). In contrast, [
11

C]-3 uptake in the striatum, a 

brain region with high A2AR density, remained high throughout the scan. Striatal 

tracer uptake peaked at 22.5 min with a SUV of 2.2 ± 0.2 and subsequently slowly 

decreased to SUV 1.9 ± 0.2 at 60 min post-injection. Thalamus and frontal cortex 

presented a slightly higher tracer uptake compared with cerebellum (P < 0.05 from 

2.25 and 3.5 min post-injection to the end of scan, respectively; Figure 2.6A). This 

may be due to spill-over of striatal tracer uptake into surrounding tissues, as ex vivo 

BD data did not show any statistically significant difference in tracer uptake in 

extra-striatal brain regions including thalamus and frontal cortex.  

Figure 2.5 PET images of a coronal plane of a rat brain 
30-60 min after i.v. injection of [11C]-3 PET images are 
superimposed on a brain MRI template. Maximum SUV 
value is set at 3. Left: vehicle-control rat, hot spots 
inside the brain represent striatum. Right: rat treated 
with 1 mg/kg of 5 prior to tracer injection (blocking). 
Hot spots outside the brain are the Harderian glands. 
The images were normalized for body weights and 
injected doses. The scale bar shows SUV range 0-3. 
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When animals were pretreated with the A2AR antagonist 5 (1 mg/kg), uptake of 

[
11

C]-3 in striatum was significantly reduced (P < 0.001) from 4.5 min after tracer 

injection until the end of the scan (Figure 2.6B). Consequently, the striata were no 

longer visible in the PET images (Figure 2.5, right). Pretreatment with the A2AR 

antagonist decreased the striatum-to-cerebellum uptake ratio of [
11

C]-3 from 6.5 ± 

0.1 to 1.4 ± 0.1 at 60 min. Pretreatment with 5 did not affect tracer kinetics in 

cerebellum (Figure 2.6B) and other extrastriatal regions (data not shown for these 

regions). 

Comparison of brain SUVs obtained from ex vivo BD studies with SUVs from PET 

analysis (50-60 min post-injection) showed a 60% higher average striatal [
11

C]-3 

uptake obtained from BD studies than from PET analysis (P = 0.0006). This 

discrepancy may result from an underestimation of the PET signal, due to partial 

volume effects, as the size of the rat striatum is of the same order of magnitude as 

the spatial resolution of the PET camera (Full width at half maximum spatial 

resolution 1.74 mm at 5 mm of radial offset; 2.07-2.88 mm when two animals are 

scanned simultaneously) 
92

. In contrast, [
11

C]-3 uptake in frontal cortex as 

determined by PET was 28% higher than the values obtained in BD studies (P = 

0.001). Tracer uptake in frontal cortex was overestimated by PET, because of “spill 

in” activity into this brain region from the adjacent striatum and Harderian glands 
93

. In other brain regions, tracer uptake determined by PET and ex vivo BD was 

comparable, indicating that partial volume effect was negligible in these regions.  

Based on maximum striatum-to-cerebellum ratio of about 6.5 at 40−60 min post-

 

Figure 2.6 (A) Time activity curves of [11C]-3 in striatum, thalamus and cerebellum of vehicle-
control rats (n = 6). (B) Uptake kinetics of [11C]-3 in striatum and in cerebellum of vehicle (n = 6) 
and compound 5 (n = 6) pretreated rats, respectively. Error bars indicate SD. 
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injection, [11
C]-3 seems superior to the clinically tested A2AR tracers [11

C]-1 and 

[
11

C]-2, with uptake ratios of 2.7 (ex vivo ARG) and 4.6 (ex vivo BD), respectively, 

at 15 min post-injection 81,83. F-18 labeled fluoroethyl and fluoropropyl 

SCH442416 derivatives (FESCH = MRS5425 and FPSCH, respectively), showed 

striatum-to-cerebellum ratios in rat brain of about 4.6 at 25 min and 37 min, 

respectively 94. Tracer kinetics of [11
C]-3 appeared to be slow as the uptake ratio 

slowly increased from 6 at 22.5 min to 6.5 and kept constant during 40−60 min of 

the PET scan. A slow kinetics pattern was also observed on a recently reported 

tracer [18F]MNI-444, with the maximum striatum-to-cerebellum ratio 12 appeared 

at 60−70 min post-injection in monkey brain 95. Although, comparison of these 

results is difficult because of the differences in the experimental set up (ex vivo 

ARG and BD vs. PET), species differences (monkeys vs. rats) 81,83,95 , tracer 

kinetics of [11
C]-3 will be evaluated in an ongoing kinetic modeling study. 

CONCLUSION 

[
11

C]-3 was successfully synthesized in high radiochemical yield. [
11

C]-3 had a 

high specific activity and chemical and radiochemical purity. The tracer entered the 

brain quickly and displayed a regional distribution and specific uptake that is in 

agreement with known A2AR expression in the brain. The high specific binding in 

striatum and the low nonspecific binding in other brain regions indicate that [11
C]-3 

is a suitable PET radioligand for mapping A2ARs. However, further validation of 

[
11

C]-3 in nonhuman primates and human volunteers is warranted to assess the 

value of this new PET tracer. 

ACKNOWLEDGMENT  

We thank Chantal Kwizera, Jürgen Sijbesma, Mohammed Khayum and Marianne 

Schepers for their technical assistance. 

 

 




