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Abstract
Introduction—Bromine-76 radiolabeled analogues of previously reported high affinity A3
adenosine receptor (A3AR) nucleoside ligands have been prepared as potential radiotracers for
Positron Emission Tomography (PET).

Methods—The radiosyntheses were accomplished by oxidative radiobromination on the N6-benzyl
moiety of trimethyltin precursors. Biodistribution studies of the kinetics of uptake were conducted
in awake rats.

Results—We prepared an agonist ligand {[76Br](1′R,2′R,3′S,4′R,5′S)-4-{2-chloro-6-[(3-
bromophenylmethyl)amino]purin-9-yl}-1-(methylaminocarbonyl)bicyclo[3.1.0]hexane-2,3-diol
(MRS3581)} in 59% radiochemical yield (RCY) with a specific activity of 19.5 GBq/μmol and an
antagonist ligand {[76Br](1R,2R,3S,4R,5S)-4-(6-(3-bromobenzylamino)-2-chloro-9H-purin-9-yl)
bicyclo[3.1.0]hexane-2,3-diol. (MRS5147)} in 65% RCY with a specific activity of 22 GBq/μmol).
The resultant products exhibited the expected high affinity (Ki ~ 0.6 nM) and specific binding at the
human A3AR in vitro. Biodistribution studies in the rat showed uptake in the organs of excretion and
metabolism. The antagonist MRS5147 exhibited increasing uptake in testes, an organ that contains
significant quantities of A3AR, over a 2 h time course, which suggests the presence of a specific
A3AR retention mechanism.

Conclusion—We were able to compare uptake of the [76Br]labeled antagonist MRS5147 to [76Br]
agonist MRS3581. The antagonist MRS5147 shows increasing uptake in the testes, an A3AR rich
tissue, suggesting that this ligand may have promise as a molecular imaging agent.
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Introduction
The study of adenosine receptors (ARs) has revealed four subtypes: A1, A2A, A2B, and A3.
[1] Each of these receptors is a target for therapeutic intervention in various human diseases
including asthma, autoimmune inflammatory diseases, cardiovascular diseases, and cancer.
[2] The A3AR is expressed at high levels in neutrophils in inflamed tissue[3],[4] and is
detectable in certain cancerous tumors, such as human colon carcinoma and melanoma.[5],
[6] The presence of the A3AR in these diseases suggest the potential utility of a radiolabeled
A3AR ligand for diagnostic applications using molecular imaging techniques. In addition, the
A3AR is found in low amounts in rat brain and in higher density in rat testes (based on mRNA
presence).[7] We have developed potent, selective agonist ligands of the A3AR for application
in inflammatory diseases[8],[9],[10],[11], myeloprotection during chemotherapy,[12] and
cancer therapy.[13],[14],[15],[16] The selective A3AR agonist CP-608039 ((2S,3S,4R,5R)-3-
amino-5-{6-[5-chloro-2-(3-methylisoxazol-5-ylmethoxy)benzylamino]purin-9-yl]}-4-
hydroxytetrahydrofuran-2-carboxylic acid methylamide) was under development as a
cardioprotective agent.[17] A3AR agonists are also of interest for the potential treatment of
brain ischemia.[18] The first prototypical A3AR agonist IB-MECA [19], compound 1 (Chart
1), is under development for autoimmune inflammatory diseases [8] and was found to be
protective by histological criteria and to correct the gene dysregulation in a model of
chemically-induced colitis.[20]

Positron emission tomography (PET) is a powerful in vivo imaging technique, which utilizes
the sensitive detection of tracer levels of receptor-bound ligands that are labeled with an
appropriate positron-emitting radionuclide. PET has been applied to the imaging of inflamed
tissue via the uptake of radioligands for peripheral benzodiazepine receptors, which are present
in monocytes and neutrophils.[21] PET ligands of high affinity and selectivity have also been
developed for the A1 and A2AARs [22],[23]. For example, the A1-selective xanthine antagonist
[18F]CPFPX and the A2A-selective nonxanthine antagonist [11C]SCH442416 have been
developed as centrally-active PET tracers for the imaging ARs in the brain.

The prototypical agonist ligands for the A3AR are IB-MECA 1 (Chart 1) and its 2-chloro
analogue 2.[24] These agonists have entered phase II clinical trials for treatment of rheumatoid
arthritis and lung cancer, respectively. Structure activity relationship (SAR) studies of
nucleoside derivatives with respect to A3AR affinity have progressed from the native ribose
ring to its replacement in nucleoside analogues with the (N)-methanocarba (bicyclo[3.1.0]
hexane) system. This pseudosugar provides a conformationally rigid ring system that was
observed to enhance the human A3AR receptor selectivity over other AR subtypes.[25] A series
of doubly halogenated agonist ligands, i.e. compounds 3–5, exhibited nanomolar or sub-
nanomolar affinity for both human and rat A3ARs and selectivity for this subtype. The
cytoprotective properties of these highly selective (N)-methanocarba A3AR agonists is
illustrated in a recent study of protection in a model of traumatic lung injury in the cat that
applied compound 3 in vivo[26]. One of these unlabeled compounds, (1′R, 2′R, 3′S, 4′R, 5′
S)-4-{2-chloro-6-[(3-bromophenylmethyl)amino]purin-9-yl}-1-(methylaminocarbonyl)-
bicyclo[3.1.0]hexane-2,3-diol (MRS3581) 4, contains an aromatic bromine atom that we
envisioned could be easily labeled with a positron-emitting radionuclide, 76Br (t ½ = 16.2 h).

We had previously prepared two classes of A3AR antagonists that bind potently in rat tissue
as well as human tissue. A pyridine class of antagonists included 5-(2-fluoroethyl) 2,4-
diethyl-3-(ethylsulfanylcarbonyl)-6-phenylpyridine-5-carboxylate.[27] During the course of
our work, the fluorine-18 labeling of this compound was reported.[28] The second class
contains structures closely related to the agonist above but lacking the carboxylic methylamide
[30]. This carboxylic methyl amide moiety, with its potential as an H-bond donor, was found
to be crucial for activation of A3AR [29]. It is this class of 4′-truncated nucleosides, which tend
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to bind with high affinity to both human and rat A3ARs, from which we selected (1R,2R,3S,
4R,5S)-4-(6-(3-bromobenzylamino)-2-chloro-9H-purin-9-yl)bicyclo[3.1.0]hexane-2,3-diol
(6, MRS5147) (6) as our target for radiolabeling.

We set out to develop an A3AR-specific ligand of high affinity useful for PET. This manuscript
describes the radiochemical synthesis of two [76Br]-labeled A3AR ligands of closely related
structure; one nucleoside from the agonist class and an analogous 4′-truncated nucleoside from
the antagonist class. We also conducted preliminary in vitro tissue binding assays and in
vivo biodistribution studies in normal rats.

Materials and Methods
General Experimental

1H-NMR spectra were obtained with a Varian Gemini-300 spectrometer (300 MHz) with
CDCl3 as solvent. Low-resolution mass spectra were measured with a Finnigan-Thermoquest
LCQ with APCI (Atmospheric Pressure Chemical Ionization) interface. Low-resolution and
high-resolution FAB (fast atom bombardment) mass spectrometry was performed with a JEOL
SX102 spectrometer with 6-kV Xe atoms following desorption from a glycerol matrix.
MRS1523 was purchased from Sigma Aldrich (St. Louis, MO, USA). Authentic (1′R,2′R,3′S,
4′R,5′S)-4-{2-chloro-6-[(3-bromophenylmethyl)amino]purin-9-yl}-1-
(methylaminocarbonyl)bicyclo[3.1.0]hexane-2,3-diol (4, MRS3581) and (1R,2R,3S,4R,
5S)-4-(6-(3-bromobenzylamino)-2-chloro-9H-purin-9-yl)bicyclo[3.1.0]hexane-2,3-diol. (6,
MRS5147) were previously prepared in our laboratories.[25], [29]

(1′R,2′R,3′S,4′R,5′S)-4-{2-chloro-6-[(3-(trimethylstannyl)phenylmethyl)-amino]
purin-9-yl}-1-(methylaminocarbonyl)bicyclo[3.1.0]hexane-2,3-diol (9)—
Compound 5 [25] (0.018 g, 0.033 mmol), PdCl2(PPh3)2 (5 mg), and hexamethyltin (0.032 g,
0.1 mmol) were mixed together in anhydrous dioxane (3 mL), and the resulting reaction mixture
was stirred at 70°C for 2 h. The mixture was concentrated under reduced pressure. The
purification of the product was effected by PTLC by using CHCl3: MeOH as the eluant to
afford the stannyl derivative 9 (0.008 g, 45%) as an oil. 1H NMR (CDCl3, 300 MHz) δ7.79
(s, 1H), 7.51 (s, 1H), 7.44 (t, 1H, J = 4.5 Hz), 7.33 (m, 2H), 6.08 (m, 1H), 6.37 (m, 1H), 5.00
(t, 1H, J = 7.8 Hz), 4.83 (s, 1H), 4.77 (m, 1H), 4.38 (m, 1H), 4.13 (m, 1H), 3.66 (m, 1H), 3.43
(m, 1H), 2.92 (3H, d, J = 5.1 Hz), 2.18 (m, 1H), 2.00 (s, 1H), 1.69 (t, 1H, J = 4.8 Hz), 1.37 (m,
1H),1.26 (m, 1H), 0.29 (s, 9H). HRMS (M + 1)+: calculated 593.1090, found 593.1099. HPLC:
Rt = 21.95 min. HPLC system: 5 mM TBAP/CH3CN from 80/20 to 60/40 in 25 min, then
isocratic for 2 min; flow rate of 1 mL/min.

[76Br](1′R,2′R,3′S,4′R,5′S)-4-{2-chloro-6-[(3-bromophenylmethyl)amino]purin-9-
yl}-1-(methylaminocarbonyl)bicyclo[3.1.0]hexane-2,3-diol ([76Br]4, MRS3581)—
Bromine-76 was prepared from an arsenic metal target using the 75As (3He, 2n) 76Br nuclear
reaction. The Br-76 target was processed as previously described after allowing for the decay
of the simultaneously produced Br-75 (t ½ = 1.6 h).[30],[31] An aliquot of the aqueous solution
of Br-76 (10–20 μL, 18.5–37.0 MBq) was added to a 1 mL reaction vial and the solvent
evaporated with argon flow. Trimethyl tin substrate 9 (200 μg) in 50 μL of acetonitrile was
added to the vial containing the Br-76 radioactivity and followed by adding 2 μL of 37%
peracetic acid in 10 μL of acetonitrile. The vial was sealed and placed on an 80°C heating block
and heated for 30 min. At the end the reaction, the reaction mixture was loaded on to a
Phenomenex Luna C18 (2) column (250 × 4.6 mm) and eluted with 100 mM ammonium
acetate/acetonitrile (60/40) at the flow rate of 1.2 mL/min. The radioactivity peak containing
the desired product (tR = 10 min) was collected and analyzed on a separate HPLC system for
determination of purity and specific activity.
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Preparation of 8: (1′R, 2′R, 3′S, 4′R, 5′S)-4′-[2-Chloro-6-(3-
trimethylstannylbenzylamino)purine]-2′,3′-O-dihydroxybicyclo-[3.1.0]hexane
(8)—Compound 7 (8.95 mg, 0.018 mmol, prepared as described [28]), PdCl2(PPh3)2 (2.7 mg),
and hexamethyltin (11 μL, 0.054 mmol) were mixed together in anhydrous dioxane (2 mL),
and the resulting reaction mixture was stirred at 70°C for 2 h. The mixture was concentrated
under reduced pressure. The product was purified by flash chromatography by using CHCl3:
MeOH (10:1) as the eluant to afford the stannyl derivative 8 (9.3 mg, 90%) as an oil. 1H NMR
(300 MHz, CDCl3), 7.81 (s, 1H), 7.53 (s, 1H), 7.34 (m, 2H), 7.33 (m, 1H), 6.49 (br s, 1H),
4.88 (br s, 2H), 4.00 (m, 2H), 3.71 (s, 1H), 3.65 (m, 1H), 3.47 (m, 1H), 2.02 (m, 1H), 1.96 (s,
1H), 1.64 (m, 1H), 1.28 (m, 2H), 0.81 (m, 1H), 0.29 (s, 9H). HRMS (M + 1)+: calculated for
C21H27ClIN5O2Sn+ (M+H)+ 535.6338, found 536.0823 HPLC: Rt = 22.12 min. HPLC
system: 5 mM TBAP/CH3CN from 80/20 to 60/40 in 25 min, then isocratic for 2 min; flow
rate of 1 mL/min.

[76Br](1R,2R,3S,4R,5S)-4-(6-(3-bromobenzylamino)-2-chloro-9H-purin-9-yl)
bicyclo[3.1.0]hexane-2,3-diol. ([76Br]6, MRS5147)—The same radiobromination
procedure was used on trimethylstannane 8 to prepare [76Br]6. The semipreparative HPLC
utilized the mobile phase 100 mM NH4OAc/CH3CN (55/45) and the product eluted at 13 min.
Specific activity was determined on a separate HPLC under the same chromatographic
conditions.

Radioligand binding assays
Membrane preparations—CHO (Chinese hamster ovary) cells expressing the recombinant
human or rat A3R were cultured in DMEM (Dulbecco’s modified Eagle’s medium) and F12
(1:1) supplemented with 10% fetal bovine serum, 100 Units/mL penicillin, 100 μg/mL
streptomycin, and 2 μmol/mL glutamine. Cells were harvested by trypsinization. After
homogenization and suspension, cells were centrifuged at 500 g for 10 min, and the pellet was
re-suspended in 50 mM Tris·HCl buffer (pH 7.4) containing 10 mM MgCl2. The suspension
was homogenized with an electric homogenizer for 10 sec, and was then re-centrifuged at
20,000 g for 20 min at 4°C. The resultant pellets were resuspended in buffer containing 3 Units/
mL adenosine deaminase, and the suspension was stored at −80°C until the binding
experiments. The protein concentration was measured using the Bradford assay.[32]

Binding Assay at the A3AR
Each tube in the competitive binding assay contained 100 μL membrane suspension (20 μg
protein), 50 μL [76Br] radioligand 0.5 nM), and 50 μL of increasing concentrations of the test
ligands in Tris·HCl buffer (50 mM, pH 7.4) containing 10 mM MgCl2, 1 mM EDTA.
Nonspecific binding was determined using 10 μM of 5′-N-ethylcarboxamidoadenosine in the
buffer. The mixtures were incubated at 25°C for 60 min. Binding reactions were terminated
by filtration through Whatman GF/B filters under reduced pressure using a MT-24 cell
harvester (Brandell, Gaithersburg, MD, USA). Filters were washed three times with 9 mL ice-
cold buffer. Radioactivity was determined in a Beckman 5500B γ-counter. The concentration
of [76Br]4 in the competition experiments (0.5 nM) is selected based on its Ki value (0.39 nM)
shown previously [25]. At the concentration used, over 60–70% of the total binding was shown
to be A3AR specific binding. IC50 values were converted to Ki values as reported.[33] It should
be noted that the experimental conditions used in the current assay were similar to those used
with the agonist radioligand ([125I]I-AB-MECA). Thus, the ratio of the specific to nonspecific
binding could potentially be further improved by optimizing the assay conditions.
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In vitro metabolism studies of [76Br]4 in hepatocytes
The cryopreserved hepatocytes from male Sprague Dawley rats and human liver tissue (In
Vitro Technologies, Inc., Baltimore, MD) were used in the in vitro metabolism studies. The
cells, which were stored in liquid nitrogen, were thawed rapidly at 37°C in a water bath and
gradually diluted with cell culture medium (In Vitro Technologies, Inc., Baltimore, MD). After
washing the cells with the medium and adjusting the viable cell concentration to 1.0 million
per mL, the resulting cell suspension was incubated at 37°C for 15 min prior to the introduction
of the test compound. The radioligand [76Br]4 (ca. 370 kBq in 10μl ethanol) and 10 μL
unlabeled compound (from a stock solution of 2.0mg/mL in 10% aqueous EtOH) was added
to a 1.0 mL suspension of cells. The final concentration of test compound was 20 μg/mL. The
suspension was maintained at 37°C; 100 μl of cell suspension was removed and added to 100
μl acetonitrile at 10, 30, 60, 120, 240 min. Each aliquot was centrifuged at 5000 rpm for 5 min.
The metabolites in 20 μL supernatant were analyzed by LC-MS and LC with on-line
radioactivity detection.

In vitro tissue binding – rat brain and rat testes
All studies using live animals were conducted under protocol approved by the NIH Animal
Care and Use Committee. Sprague-Dawley rats were used for the in vitro autoradiography.
After sacrificing the rat with carbon dioxide inhalation, the brains and testes were removed
and immediately quick-frozen in dry ice. The brain was cut coronally and testes along the long
axis into 20 μm slices using a Vibratome Ultrapro 5000(Vibratome, St. Louis, MO, USA). The
slices were thaw mounted onto silanated slides, air-dried for 30 min, and then stored at −70 °
C until use.. The following solutions were prepared in buffer (50 mM TRIS pH 7.5 and 10 mM
MgCl2). One solution contained 37 kBq of [76Br]4 or [76Br]6. For blocking studies, solutions
of the antagonist MRS1523 (200 nM) and agonist IB-MECA (100 nM) were prepared in the
same buffer, each solution containing 37 kBq of [76Br]4 or [76Br]6. The tissue sections were
divided into three groups and each group was incubated in one solution at room temperature
for one hour. After incubation, the slides were washed at 4 °C with 1 X PBS with 0.01% Triton
X, air dried, and placed on a phosphorimaging plate with a pixel size of 25 μm (Fuji BAS-
SR2025). After exposure, the plates were scanned using a Fuji Bio-imaging Analysis System
5000.

In vivo biodistribution study in rats
In the biodistribution studies the Sprague-Dawley male rats (n = 4 or 5) were injected
intravenously with 0.37 MBq of 76Br radioligand ([76Br]4 or [76Br]6) and the rats were
sacrificed with carbon dioxide at 15, 60, and 120 min. For compound [76Br]4, a 30 min time
point was included. The brain, blood and other tissues were taken from each animal and
weighed. The radioactive content of the blood and various tissues was counted using a gamma
counter. The uptake of the radioactivity was expressed as %ID/g.

Results and Discussion
During the development of PET imaging agents for receptor imaging, one may encounter the
choice of agonist or antagonist. The majority of neuroreceptor imaging agents are antagonists.
Many G protein-coupled receptors exhibit both high and low affinity states for agonist ligands,
while antagonists generally bind with equal affinity to either conformation. The availability of
both an agonist and an antagonist for a given receptor may provide Bmax and receptor
occupancy more accurately than only one of the ligands may provide. There is ample evidence
from our previous publications to suggest that the nucleoside-based agonists and antagonists
of the A3AR are competitive inhibitors of each other and thus bind to the same site on the
receptor.[34], We had the ability to prepare one agonist and one antagonist radioligand in
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closely related chemical series. The two structures differ only in the chemical moiety attached
at the C-4′ position of the bicyclohexanediol ring.

Chemistry
For the agonist class of compounds, the authentic bromine compound (4) had been prepared
for our previous study of the structure activity relationships (SAR).[25] Although several
analogues containing fluorine substitution of the N6-benzyl moiety were prepared, all were
less potent in activating the A3AR.[25] Because the most active fluorine-containing analogue
had a meta configuration, it would not be easily radiolabeled. The 3-bromobenzyl analogue
4 (MRS3581) displayed favorable pharmacological properties, with a Ki value of 0.38 nM at
the human A3AR and high selectivity in comparison to other AR subtypes. Therefore, we
selected [76Br]4 for development as an agonist PET radioligand employing the positron-
emitting bromine-76 radionuclide (t ½ = 16.2 h). Radiobromination can be conducted under
electrophilic conditions on an aryl stannane analogue. We prepared the N6-(3-trimethylstannyl
benzyl) nucleoside derivative 9 from the corresponding 3-iodo compound 5 by employing
standard conditions, using hexamethylditin and dichlorobis(triphenylphosphine) palladium(II)
(Scheme 1). Initially, attempts to stannylate the 2′, 3′-isopropylidene-protected form of the
nucleoside succeeded. However, the subsequent hydrolysis of the isoproylidene group also led
to removal of the stannyl group. For this reason, we introduced the aryltin moiety at the final
stage on the preformed and unprotected (N)-methanocarba nucleoside analogue.

The target antagonist compound, 6, was selected from the structural class lacking the 4′-
carbonylmethylamide moiety on the pseudosugar ring [29]. Because the structures are very
similar, the chemistry for the preparation of trimethylstannyl precursor (8) for
radiobromination was conducted in a similar manner.

Radiochemistry
Radiobromination to obtain the two radiotracer molecules was conducted in the same manner.
Bromine-76 was obtained as an aqueous ammonia solution following irradiation of a natural
arsenic target.[31] An aliquot of the radiobromine solution was evaporated with argon flow
prior to the addition of the trimethylstannyl precursor and peracetic acid (Scheme 1). The
evaporation of water prior to addition of substrate and oxidizing agent was critical for achieving
the high radiolabeling yield. When the water is present in the reaction mixture, the amount of
two unidentified radioactive side products was greatly increased. The final radiochemical was
purified by HPLC. The agonist [76Br]4 was obtained in 58.7 ± 16.8% (n=8) radiochemical
yield, radiochemical purity of > 98%, and a specific activity of 19.5 ± 7.9 GBq/μmol (n=5) at
the end of synthesis. The antagonist [76Br]6 was obtained in 65.5 ± 3.6% (n = 6) radiochemical
yield, >98% radiochemical purity, and specific activity of 22 ± 20 GBq/μmol (n =5) at the end
of synthesis.

In vitro studies
Membrane Binding Experiments—Binding studies of agonist [76Br]4 and antagonist
[76Br]6 to membranes prepared from CHO cells stably expressing the human A3AR were
conducted.[35] In competition experiments, both agonists and antagonists showed a binding
profile similar to that obtained with other radioligands as demonstrated previously. [1] Briefly,
as shown in Figures 1A and 1B, MRS1220 (N-[9-chloro-2-(2-furanyl)[1,2,4]triazolo[1,5-c]
quinazolin-5-yl]benzeneacetamide), a selective antagonist for the human A3AR was shown to
be ineffective at rat A3AR. MRS1523 (3-propyl-6-ethyl-5-[(ethylthio)carbonyl]-2-phenyl-4-
propyl-3-pyridine carboxylate), an A3AR-selective antagonist, and NECA (adenosine-5′-N-
ethyluronamide), a nonselective AR agonist, were moderately potent in binding to the rat
A3AR, and each was more potent at the human A3AR. 4 (MRS3581) is equally potent at human
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and rat A3ARs, suggesting that its use in imaging might apply to a variety of animal models.
The Ki values of the tested compounds are summarized in Tables 1 and 2.

Metabolism studies—Knowledge of the metabolic fate of the radiolabeled compound is
very important for the evaluation of a molecular imaging agent. The imaging technique records
the radioactive decay events regardless of the actual chemical species. Applications to brain
imaging have the advantage that polar metabolites are generally excluded from the brain
because of the blood brain barrier. However, the potential applications of these A3AR ligands
are in inflammation and tumor imaging where no barrier to metabolite accumulation is present.
Thus, it is most important that the metabolite profile be well characterized and properly
evaluated during the course of validation of the radioligand. Incubation of the agonist [76Br]
4 with rat and human hepatocytes at various time points and then analysis of the radioactive
and non-radioactive components with LC/MS were used to evaluate the metabolic fate of the
compound. The results indicated that compound [76Br]4 is very stable in both rat and human
hepatocytes. After 4 hours, only very small amounts of metabolites were detected by LC/MS
(data not shown).

In vitro tissue slice studies—The rat testes have the highest concentration of the A3AR,
[36],[37] and low levels are present in the brain.[7] We conducted dipping studies with freshly
prepared slices of whole brain and testes comparing [76Br]4 alone and competed with
MRS1523, a selective A3AR antagonist. We also competed with IB-MECA, an agonist. These
preliminary studies fail to show any specific uptake in these tissues as neither compound
reduced the tissue binding of [76Br]4. Similar studies with the antagonist, [76Br]6, using IB-
MECA or MRS5147 (6) as inhibitors also failed to show evidence of specific uptake.

In vivo studies with agonist [76Br]4—In order to evaluate the kinetics of uptake and
selective tissue accumulation, we conducted in vivo biodistribution studies in rats. All studies
in live animals were conducted under protocol approved by the NIH Animal Care and Use
Committee. The biodistribution of [76Br]4 was evaluated after i.v. administration to adult
Sprague-Dawley rats. The animals were sacrificed at 15, 30, 60, and 120 min and various
tissues harvested for gamma counting. The data are reported in units of percentage injected
dose per gram (%ID/g) (Figure 2). An additional study, designed to detect specific tissue
accumulation, was conducted with co-administration of the antagonist MRS1523 (Figure 3).

The biodistribution studies showed the primary uptake to be in liver and kidneys, the organs
of excretion and metabolism. The uptake observed on competition with administration of
excess non-radioactive ligand showed a trend suggesting some specific binding in the liver and
kidney. However, the differences were not statistically significant and may be related to
changes in blood flow or excretion rate caused by the larger mass dose. The high uptake in
liver may reduce the utility of the radioligand for imaging studies of metastatic colon cancer
in the liver, but the resolution of current PET scanners should minimize the effect of very high
liver uptake on the ability to observe other adjacent organs. Unfortunately, the lack of
demonstration of specific binding in the in vitro tissue dipping experiments in rat testes suggests
the need for a more selective and less lipophilic compound. However, final judgment will
require evaluation in an animal model that expresses high levels of the A3AR receptor in a
tissue that lacks a tissue-to-blood barrier.

In vivo studies with antagonist [76Br]6 (MRS5147)—We conducted similar in vivo
studies with the antagonist [76Br]6 measuring the biodistribution at 15, 60, and 120 min. The
general biodistribution pattern observed (Figure 4) was similar to that of the agonist with two
important differences. Firstly, the uptake of the antagonist [76Br]6 was an order of magnitude
lower than agonist [76Br]4. This may, in part, be due to the fact that slightly older animals were
utilized in the study of the agonist. However pharmacokinetic differences between the two
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compounds may be expected, because the presence of the uronamide group in the agonist
[76Br]4 might affect its bioavailability and permeation in vivo. Secondly, the uptake in the
A3AR-containing testes continued to increase with time after injection. The blood continued
to provide an input function over the two hours. In spite of a potential testes-blood barrier
[38], uptake of the antagonist increased with time. This suggests that the antagonist may be
viable molecular imaging probe for pathological conditions with elevated A3AR.

Conclusions
We have successfully radiolabeled both a high affinity A3AR agonist (MRS3581, 4) and a high
affinity A3AR antagonist (MRS5147, 6) with [76Br]bromine- in high radiochemical yield and
with high specific activity. The antagonist, [76Br]6, provides evidence of increasing uptake in
the A3 receptor-rich testes. Further studies in inflammation models, where the A3AR is known
to be up regulated, will be necessary to judge the utility of these positron-emitting high affinity
receptor ligands as imaging agents.
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Figure 1.

Kiesewetter et al. Page 11

Nucl Med Biol. Author manuscript; available in PMC 2010 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Panel A: Inhibition of in vitro binding of the agonist [76Br]4 by various A3AR ligands. Panel
B: Inhibition of in vitro binding of antagonist [76Br]6 by various A3AR ligands. The human
or rat A3AR receptor was expressed in CHO cells. See legend to Table 1 for compound names.
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Figure 2.
In vivo uptake in rat of A3AR agonist [76Br]4 at 15, 30, 60, and 120 min post injection in
various tissues.
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Figure 3.
Tissue uptake of [76Br]4 without and with MRS1523, an antagonist, administered at 30 min
post-injection in rat.
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Figure 4.
In vivo uptake in rat of the A3AR antagonist [76Br]6 at 15, 60 and 120 min post-injection.
Increasing uptake in the testes was observed over time. Both 60 and 120 min uptakes are
statistically increased relative to the 15 min time point (p < 0.05)
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Scheme 1.
Synthesis of [76Br] A3AR ligands, agonist [76Br]4 and antagonist [76Br]6, and their stannyl
precursors 9 and 8, respectively.
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Chart 1.
Structures of prototypical (1,2) and later-generation A3AR agonists (3–5) and antagonist (6)
based on the (N)-methanocarba ring system.
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Table 1
Affinity of various competing ligands at the human and rat A3ARs expressed in CHO cells using [76Br]4 as radioligand.

Compounda Human Ki (nM) Rat Ki (nM)

MRS1220 2.74 ± 0.77 >10,000

MRS1523 125 ± 13 939 ± 98

4 MRS3581 0.63 ± 0.05 0.90 ± 0.07

NECA 20.1 ± 2.5 143 ± 18

MRS 1220: N-[9-chloro-2-(2-furanyl)[1,2,4]triazolo[1,5-c]quinazolin-5-yl]benzeneacetamide; MRS1523: 5-propyl-2-ethyl-4-propyl-3-
(ethylsulfanylcarbonyl)-6-phenylpyridine-5-carboxylate;

NECA: adenosine-5′-N-ethyluronamide.
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Table 2
Affinity of competing ligands at human and rat A3ARs expressed in CHO cells using [76Br]MRS5147 6.

Ligand Human Ki, nM Rat Ki, nM

MRS1220 1.1 ± 0.3 >10,000

MRS1523 120 ± 17 2830 ± 520

6 MRS5147 0.62 ± 0.16 5.2 ± 1.8

NECA 38 ± 12 126 ± 31

MRS 1220: N-[9-chloro-2-(2-furanyl)[1,2,4]triazolo[1,5-c]quinazolin-5-yl]benzeneacetamide; MRS1523: 5-propyl-2-ethyl-4-propyl-3-
(ethylsulfanylcarbonyl)-6-phenylpyridine-5-carboxylate;

NECA: adenosine-5′-N-ethyluronamide.
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