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    Abstract

      11C-ABP688 (3-(6-methyl-pyridin-2-ylethynyl)-cyclohex-2-enone-O-11C-methyl-oxime), a noncompetitive and highly selective antagonist for the metabotropic glutamate receptor subtype 5 (mGluR5), was evaluated for its potential as a PET agent. Methods: ABP688 was radiolabeled with 11C by reacting 11C-methyl iodide with the sodium salt of desmethyl-ABP688 (3-(6-methyl-pyridin-2-ylethynyl)-cyclohex-2-enone oxime). The affinity of 11C-ABP688 for mGluR5 was determined by Scatchard analysis using rat whole-brain membranes (without cerebellum). Ex vivo autoradiography, biodistribution, and PET studies with 11C-ABP688 were performed on rats, wild-type mice, and mGluR5-knock-out mice. Results: The overall synthesis time was 45−50 min from the end of radionuclide production. 11C-ABP688 was obtained in good radiochemical yield (35% ± 8%, n = 17, decay corrected), and the specific radioactivity was 150 ± 50 GBq/μmol (n = 17) at the end of the synthesis. Scatchard analysis revealed a single high-affinity binding site with a dissociation constant of 1.7 ± 0.2 nmol/L and a maximum number of binding sites of 231 ± 18 fmol/mg of protein. Ex vivo autoradiography in wild-type mice and rats showed a heterogeneous distribution pattern consistent with the known distribution of mGluR5 in the brain, with the highest uptake in hippocampus, striatum, and cortex. Blocking studies by coinjection of 11C-ABP688 and unlabeled 2-methyl-6-(3-methoxyphenyl)ethynyl-pyridine (1 mg/kg), an antagonist for mGluR5, revealed up to 80% specific binding in rat brain. In mGluR5-knock-out mouse brain, a homogeneous and markedly reduced accumulation of 11C-ABP688 was observed. PET studies on rats and mice using a small-animal PET scanner also demonstrated radioactivity uptake in the brain regions known to be rich in mGluR5. In contrast, radioactivity uptake in mGluR5-knock-out mice was fairly uniform, substantiating the specificity of 11C-ABP688 binding to mGluR5. Conclusion: 11C-ABP688 is a selective tracer for imaging mGluR5 in vivo in rodents and may offer a future tool for imaging mGluR5 in humans using PET.

    
	metabotropic glutamate receptor subtype 5
	11C-ABP688
	mGluR5-knock-out mice
	biodistribution

Metabotropic glutamate receptors (mGluRs) are G-protein–coupled receptors. In the central nervous system, mGluRs modulate glutamatergic neurotransmission and are recognized potential therapeutic targets (1,2). To date, 8 mGluR subtypes have been identified and classified into 3 groups on the basis of their sequence identity, pharmacology, and preferred signal transduction mechanism. Group 1 mGluRs (mGluR1 and mGluR5) are coupled to phospholipase C and upregulate or downregulate neuronal excitability (3). Group 2 (mGluR2 and mGluR3) and group 3 (mGluR4 and mGluR6–8) inhibit adenylate cyclase and hence reduce synaptic transmission.
Excessive activation of mGluR5 has been implicated in a variety of disease states (2) such as anxiety (4,5), depression (5), schizophrenia (6), Parkinson's disease (7), and drug addiction or withdrawal (8). Involvement of mGluR5 in the modulation of various pain states such as acute, persistent chronic, inflammatory, and neuropathic has also been reported (9–11).
Noninvasive techniques such as PET or SPECT offer the possibility to visualize and to study mGluR5 under physiologic and pathologic conditions. Although mGluR5 antagonists have been successfully used in vitro to label mGluR5 (12,13), their in vivo visualization has been hampered by a lack of selective PET or SPECT ligands. Using the prototypic antagonist MPEP (2-methyl-6-(phenylethynyl)-pyridine) as a template (14), we synthesized and evaluated 4 derivatives, namely 11C-2-methyl-6-(3-methoxyphenyl)ethynyl-pyridine (M-MPEP), 11C-2-methyl-6-(3-fluorophenylethynyl)-pyridine (M-FPEP), 18F-2-methyl-6-(3-fluoroethylphenyl)ethynyl-pyridine (FE-MPEP), and 18F-2-fluoro-6-(3-fluorophenylethynyl)-pyridine (FPEP) (Fig. 1), but none of these ligands proved to be useful (15,16), possibly because of high lipophilicity, unfavorable brain uptake kinetics, or a high metabolism. Recently, Hamill et al. (17) reported on the successful imaging of mGluR5 in a rhesus monkey brain. While awaiting further evaluation of these ligands, we pursued our efforts to overcome the shortcomings of our previously reported compounds—shortcomings that could be related to the MPEP core—and evaluated 11C-ABP688 (3-(6-methyl-pyridin-2-ylethynyl)-cyclohex-2-enone-O-11C-methyl-oxime; Fig. 1). Herein, we describe the radiosynthesis and the preclinical evaluation of 11C-ABP688, a novel, high-affinity, and selective mGluR5 antagonist, as a promising PET tracer.
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FIGURE 1.  Structures of 11C-M-MPEP, 11C-M-FPEP, 18F-FE-MPEP, 18F-FPEP, and 11C-ABP688.




      MATERIALS AND METHODS

      Desmethyl-ABP688 was synthesized as described by Kessler (18), and its structure was confirmed by nuclear magnetic resonance (1H-NMR) and mass spectroscopy. All other chemicals and solvents were of analytic grade and were used without purification. 11C-Methyl iodide was produced with a PET trace system (GE Healthcare) at the University Hospital in Zurich from 11C-CO2 in a 2-step reaction sequence involving the catalytic reduction of 11C-CO2 to 11C-methane and subsequent gas phase iodination according to the standard procedure (19).

      
        Radiosynthesis of 11C-ABP688

        ABP688 was labeled with 11C by reacting the sodium salt of desmethyl-ABP688 in anhydrous dimethylformamide with 11C-methyl iodide at 90°C for 5 min (Fig. 2). The product was purified by semipreparative high-performance liquid chromatography (HPLC) (μBondapak, C18 [Waters]; 7.8 × 300 mm; 10 μm; mobile phase, acetonitrile:0.1% phosphoric acid [30:70]; flow rate, 6 mL/min), and the retention time was 10−11 min. After removal of the HPLC solvent by rotary evaporation, the product was formulated using a 0.15 mol/L concentration of phosphate buffer, 10% EtOH, and 2% polysorbatum 80. 11C-ABP688 was analyzed using analytic HPLC (BondClone, C18 [Phenomenex]; 3.9 × 300 mm; 5 μm; mobile phase, acetonitrile:0.1% phosphoric acid [30:70]; flow rate, 2 mL/min).
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FIGURE 2.  Radiosynthesis of 11C-ABP688.




        The position of the label was determined by repeating the synthetic procedure with 13C-enriched methyl iodide under the same radiochemical reaction conditions.

      

      
        Determination of Distribution Coefficient (Log D) and Plasma Stability

        The lipophilicity of 11C-ABP688 at pH 7.4 was determined as described by Strijckmans et al. (20). In vitro plasma stability was determined by incubating the radioligand in human plasma at 37°C for 60 min, and samples were analyzed by analytic HPLC.

      

      
        Animals

        Animal care and all experimental procedures were approved by the Swiss Federal Veterinary Office. Animals (male Sprague–Dawley rats, 250−450 g, obtained from Charles River; female and male C57/BL6 wild-type (wt) and mGluR5-knock-out (ko) mice, 25−35 g, obtained from Novartis Pharma AG) were allowed free access to food and water.

      

      
        In Vitro Binding of 11C-ABP688

        
          Preparation of Membranes.

          Male rats were euthanized by decapitation, and the brains were quickly removed individually. The whole brains without cerebellum were homogenized in 10 volumes of ice-cold (4°C) sucrose buffer (sucrose, 0.32 mol/L; Tris/acetate buffer, 10 mmol/L; pH 7.4) with a PT 1200 C Polytron (Kinematica AG) for 1 min at setting 4. The homogenate was centrifuged at 1,000g for 15 min (4°C) to yield a crude pellet (P1). This pellet was resuspended in 5 volumes of sucrose buffer, homogenized, and centrifuged again at 1,000g for 15 min (4°C). The resulting supernatants were combined and centrifuged at 17,000g for 20 min (4°C) to yield pellet P2. P2 was washed with ice-cold incubation buffer 1 (Tris/acetate buffer, 5 mmol/L; pH 7.4), homogenized, and centrifuged at 17,000g for 20 min (4°C). The P2 membrane pellet was resuspended in incubation buffer 1 and stored at −70°C. On the day of the assay, the P2 membranes were thawed and the protein concentration was determined by a Bio-Rad microassay with bovine serum albumin as a standard (21).

        

        
          Saturation Experiments.

          A 500 μg/mL quantity of whole rat brain (without cerebellum) membranes were incubated with increasing concentrations of 11C-ABP688 (0.5−100 nmol/L) in incubation buffer 2 (NaHEPES, 30 mmol/L; NaCl, 110 mmol/L; KCl, 5 mmol/L; CaCl2 × H2O, 2.5 mmol/L; MgCl2, 1.2 mmol/L; pH 8) to give a total volume of 200 μL. Nonspecific binding was determined in the presence of M-MPEP, 100 μmol/L. Incubations were allowed to proceed for 45 min at room temperature before being terminated by vacuum filtration over GF/C filters (Whatman) and thereafter presoaked for 1 h in incubation buffer 2 to reduce nonspecific binding. The membranes retained on the filters were rinsed twice with 4 mL of ice-cold incubation buffer 2. The radioactivity retained on the filters was determined using a γ-counter (Cobra II Auto-Gamma; Canberra Packard).

        

        
          Data Analysis.

          Scatchard analysis was performed with the computer program Kell-Radlig (McPherson and Biosoft), and 3 independent experiments were performed.

        

      

      
        Ex Vivo Autoradiography

        11C-ABP688 was injected into the tail vein of a rat (730 MBq, 4.0 nmol), a wt-mouse (110 MBq, 1.7 nmol), and a ko-mouse (202 MBq, 0.7 nmol). At 8 min after injection, the animals were sacrificed by decapitation. Brains were immediately removed and frozen in isopentane, which was cooled to −70°C. The frozen samples were cut into 20-μm horizontal sections using a cryostat and, without any washing, were placed on a phosphor imager screen for 2 h. The imaging plate data were analyzed by a BAS 800 II system (Fuji Film). The early time point of sacrifice (8 min after injection) was chosen because of the short physical half-life of the radiotracer and the time-consuming procedure to obtain and expose the brain slices.

      

      
        Biodistribution Studies

        Biodistribution studies were performed on rats and mice. A formulated solution of 11C-ABP688 was administered into the tail vein of awake animals (rats: 50−450 MBq, 0.4−3.5 nmol; mice: 50−350 MBq, 0.5−2.5 nmol). Blockade studies were performed by coinjecting M-MPEP (1.0 mg/kg of body weight; 1:1 polyethylene glycol [2 mg/mL]:H2O) with the radiotracer. The animals were sacrificed by decapitation (the rats 30 min and the mice 20 min after injection). Whole brains were rapidly removed individually and dissected into specific brain regions: hippocampus, striatum, cortex, and cerebellum. Blood, urine, and peripheral organs such as liver, kidney, muscle, and bone were also taken. Each brain region was weighed and tissue radioactivity was measured in a γ-counter (Cobra II Auto-Gamma). For all brain regions examined, the tissue distribution was determined using the percentage injected dose (normalized to the body weight of the animal) per gram of wet tissue (%ID norm/g organ).

      

      
        PET Studies

        PET of rats and mice was performed using a 16-module variant of the quad-HIDAC tomograph (Oxford Positron Systems) (22). Resolution at the center of the field of view was 1.0 mm. The animals (rats, wt-mice, and ko-mice) were anesthetized with isoflurane before injection of the radioligand. 11C-ABP688 (18−22 MBq, 1−3 nmol) was administered by tail vein injection. The scan duration was 90 min for rats and 30 min for mice. PET data were acquired in list mode and reconstructed in user-defined time frames using the one-pass list-mode expectation maximization algorithm incorporating resolution recovery. The bin size was 0.3 mm, with a matrix size of 120 × 120 × 240 for mouse and rat brain and 340 × 340 × 660 for whole rat body. Image files were evaluated by region-of-interest analysis using the dedicated software PMOD (PMOD Technologies, Ltd.) (23). Time–activity curves were normalized to the injected dose per gram of body weight and expressed as standardized uptake values.

      

      
        Metabolite Studies

        11C-ABP688 (350−600 MBq, 2.5−4 nmol) was administered into the tail vein of awake rats (n = 2, 250 and 400 g), and the animals were sacrificed by decapitation 30 min after injection. Brain, blood, and urine were taken and analyzed for radioactive metabolites. Analytic HPLC (BondClone, C18; 3.9 × 300; 5 μm; mobile phase, acetonitrile:0.1% phosphoric acid [65:35]; flow rate, 0.4 mL/min) was used for the analysis.

        
          Brain.

          The rat brains were homogenized with phosphate buffer (pH 7.4; 1 mL). Acetonitrile (1.5 mL) was added, and the resulting homogenate was centrifuged (4,000 rpm, 5 min). The supernatant was analyzed by analytic HPLC using the conditions already mentioned.

        

        
          Blood.

          Blood samples were centrifuged at 4,000 rpm for 5 min, and the plasma obtained was precipitated with perchloroacetic acid and again centrifuged. The supernatant was analyzed by analytic HPLC.

        

        
          Urine.

          The whole sample was directly analyzed by analytic HPLC without further work-up.

        

      

    

      RESULTS

      
        Radiosynthesis of 11C-ABP688

        11C-ABP688 was obtained in greater than 95% radiochemical purity, and the specific radioactivity ranged from 100 to 200 GBq/μmol. The total synthesis time was 45−50 min, and radiochemical yield was 35% ± 8% (n = 17). The identity of 11C-ABP688 was confirmed by coinjection with a reference compound, which showed identical retention time under the same elution conditions. Stable ABP688 in the formulated solution amounted to 0.3−1.7 μg/mL.

        13C-NMR data of ABP688 showed an intensive signal at 61.5 ppm, which corresponded to the O-methyl-C-atom. Mass spectrometry showed molecular ion peaks at (MS [m/z] 242 [M+ + 1]) and (MS [m/z] 243 [M+ + 1]) for authentic and 13C-enriched ABP688, respectively. The 13C-NMR data unambiguously confirmed O-methylation and an E/Z isomeric ratio of at least 6:1. The assignment of the E- and Z-isomers was based on a rotating-frame Overhauser-effect spectroscopy cross peak between the oxime methyl group and the olefinic proton. And, as expected, the Z-isomer gave a lower chemical shift (123.1 ppm; E-isomer, 130.8 ppm) for the carbon bearing the olefinic proton. The most potent isomer (E, data not shown) could be consistently obtained as the major component of a more than 10:1 E/Z mixture by preheating the sodium salt of the precursor to 90°C and then adding 11C-MeI at this temperature.

      

      
        Determination of Distribution Coefficient (Log D) and Plasma Stability

        The results from 3 independent determinations gave a log D value of 2.4 ± 0.1 for 11C-ABP688. No degradation products were observed after the radioligand was incubated in human plasma at 37°C for 60 min.

      

      
        In Vitro Binding of 11C-ABP688

        For the estimation of the dissociation constant (KD) and the maximum number of binding sites (Bmax), 11C-ABP688 was used in saturation studies. The receptor binding of 11C-ABP688 was found to be saturable (Fig. 3A). The Scatchard transformation of the saturation binding data gave a linear plot (Fig. 3B) suggesting a single high-affinity binding site with a KD of 1.7 ± 0.2 nmol/L (n = 3) and a Bmax of 231 ± 18 fmol/mg of protein.
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FIGURE 3.  (A) Typical saturation curve of 11C-ABP688 binding to rat brain membrane. (B) Representative Scatchard plot of 11C-ABP688 binding. Results from 3 independent determinations gave a KD of 1.7 ± 0.2 nmol/L and a Bmax of 231 ± 18 fmol/mg of protein.




      

      
        Ex Vivo Autoradiography

        
          Ex Vivo Autoradiography of Rat Brain.

          In rats, ex vivo autoradiography showed that the brain uptake of 11C-ABP688 was highly selective, with high accumulation in known mGluR5-rich regions such as the hippocampus, caudate putamen, and cortex (Fig. 4A). Remarkably, individual hippocampal regions such as the dentate gyrus, the cornu ammonis-1 (CA1) region, and the stratum radiatum could be differentiated. In contrast, radioactivity accumulation in the cerebellum was negligible, confirming the low receptor expression in this region shown by immunohistochemistry (25).
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FIGURE 4.  (A) Autoradiographic illustration of 20-μm unwashed horizontal (approximately −4.10 mm from Bregma and 5.90 mm interaural (24) slice of rat brain 8 min after intravenous injection of 11C-ABP688. (B and C) Series of horizontal slices of 11C-ABP688 distribution in wt-mouse (B) and ko-mouse (C).




        

        
          Ex Vivo Autoradiography Using Wt- and mGluR5-Ko-Mice.

          In wt-mice (Fig. 4B), ex vivo autoradiography using 11C-ABP688 showed a specific brain uptake, with a similar distribution pattern observed in the rat brain. The autoradiograms of mouse brain sections showed intense labeling of mGluR5-rich regions and negligible labeling in the cerebellum. In contrast, mGluR5-ko-mouse brain revealed a homogeneous and markedly reduced uptake throughout the brain (Fig. 4C).

        

      

      
        Biodistribution Studies

        
          Biodistribution Studies on Rats.

          Classic postmortem biodistribution studies were undertaken under both baseline and blockade conditions. The biodistribution data of 11C-ABP688 in rats are shown in Figure 5. Relative high radioactivity accumulation was observed in mGluR5-rich brain regions such as the hippocampus, striatum, and cortex, whereas radioactivity uptake in the cerebellum was low. Radioactivity uptake ratios of 6.6 ± 0.1, 5.4 ± 0.1, and 4.6 ± 0.1 were obtained for the striatum, hippocampus, and cortex, respectively, using the cerebellum as a reference region. The specificity of 11C-ABP688 binding was confirmed by blockade studies with M-MPEP, an antagonist for mGluR5 (12). Up to 80% specific binding was observed for the hippocampus and striatum. No blocking effects were observed in the cerebellum.
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FIGURE 5.  11C-ABP688 uptake in some brain regions of rat and in blood. Animals were sacrificed 30 min after injection. Control group (n = 3) received polyethylene glycol:H2O (1:1) and 11C-ABP688, and test group (n = 3) received coinjection of M-MPEP (1.0 mg/kg of body weight) and 11C-ABP688. Data are expressed as percentage normalized injected dose (%ID norm) per gram of tissue ± SD.




          Of the peripheral organs examined (data not shown), the kidney and liver showed the highest radioactivity accumulations of 0.2 and 0.18 %ID norm/g of organ, respectively, under baseline conditions. The lung, blood, muscle, and bone showed a radioactivity uptake less than 0.1 %ID norm/g of organ. Under blocking conditions, the liver demonstrated an increased radioactivity uptake. No significant blocking effects were observed for other peripheral organs examined.

        

        
          Biodistribution Studies on Wt- and mGluR5-Ko-Mice.

          Examination of the regional brain biodistribution of 11C-ABP688 in wt-mice confirmed the distribution pattern observed in rats. The highest measured uptake of radioactivity was again in the hippocampus and striatum and the lowest in the cerebellum. In contrast, radioactivity uptake was significantly less in mGluR5-ko-mice than in wt-mice and was identical in all the brain regions examined (Fig. 6). This finding nicely confirmed the extremely high in vivo selectivity observed in the blocking study on rats using mGluR5 antagonist M-MPEP.
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FIGURE 6.  Biodistribution of 11C-ABP688 in some brain regions of wt-mice (n = 4), mGluR5-ko-mice (n = 4), and blood. Animals were sacrificed 20 min after injection, and data are expressed as percentage of normalized injected dose (%ID norm) per gram of tissue ± SD.




        

      

      
        PET Studies

        
          Brain PET Studies on a Rat.

          A PET study performed on an anesthetized rat showed specific uptake of the radiotracer in mGluR5-rich brain regions such as the caudate putamen and hippocampus (Figs. 7A and 7B). 11C-ABP688 binding in the brain was inhibited by coinjection of M-MPEP (1 mg/kg, intravenously) (Figs. 7C and 7D).
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FIGURE 7.  Representative horizontal images of 11C-ABP688 uptake in head of 2 rats. Control animal (A and B) received 29.4 MBq (injected mass, 1.3 nmol) of radiotracer, and test animal (C and D) received coinjection of M-MPEP (1.0 mg/kg of body weight) and 11C-ABP688 (5.37 MBq, injected mass, 1.7 nmol). Images were normalized to injected radioactivity and body weight. Data were reconstructed with bin size of 0.3 mm from 0 to 30 min after injection. ce = cerebellum; cp = caudate putamen; hi = hippocampus; lg = lacrimal gland. In B and D, whole brain and specific regions are bordered with white (24).




        

        
          PET Studies on Wt- and mGluR5-Ko-Mice.

          As expected from ex vivo autoradiography, wt-mouse brain showed a heterogeneous uptake, with the highest uptake in the striatum and hippocampus. In contrast, mGluR5-ko-mice exhibited a homogeneous accumulation throughout the brain. A high radioactivity uptake was observed in extracerebral regions (i.e., nasal and lachrymal glands) both in the wt-mice and in the mGluR5-ko-mice (data not shown). These areas are known to nonspecifically accumulate central nervous system PET ligands (25). In wt-mice, a more than 2-fold radioactivity uptake was observed in the hippocampus, compared with the cerebellum. A similar ratio was obtained for the striatum. In contrast, the standardized uptake values in the whole forebrain and cerebellum of mGluR5-ko-mice were similar, suggesting only nonspecific uptake. These results indicate that the cerebellum could be used as a reference region for nonspecific uptake in future studies.

        

      

      
        Metabolite Studies

        HPLC analysis of whole-brain extracts from rats indicated that more than 95% of radioactivity in rat brain 30 min after radiotracer injection was parent compound (data not shown). Blood and urine samples were also analyzed by HPLC, and most of the radioactivity (75% and 95%, respectively) could be attributed to radiolabeled metabolites, which were more polar than the parent compound. The extraction method used in this study proved suitable, because the recovery of radioactivity was greater than 90% in both brain and blood.

        Taken together, these data suggest that 11C-ABP688 has a favorable metabolic profile, including a rapid peripheral metabolism and no brain-penetrable metabolites.

      

    

      DISCUSSION

      Currently, no clinically validated PET tracer exists for mGluR5. In a recent publication, Hamill et al. (17) described 3 potential PET ligands and their characterization in rhesus monkeys. In this study, all 3 candidates exhibited selective uptake in the frontal cortex, striatum, and, surprisingly, the cerebellum, a brain region that has been shown to have a low or no expression of mGluR5 in rodents and humans (26,27). Yu et al. (28) also recently reported their evaluation of 11C-MPEP and 2 of its derivatives in rats. The chemical modification of the original MPEP series allowed the identification of ABP688, a derivative in which the aromatic ring of the MPEP series is replaced by a functionalized cyclohexanone moiety (Fig. 1).

      ABP688 was radiolabeled with 11C in a simple 1-step procedure by O-methylation of the sodium salt of desmethyl-ABP688 using 11C-methyl iodide. Purification by reversed-phase HPLC gave the final product in good radiochemical yields (35% ± 8%, n = 17) and high specific radioactivities (150 ± 50 GBq/μmol, n = 17) at the end of synthesis. A possible competing reaction is N-methylation of the pyridine nitrogen. Therefore, 13C-ABP688 that had been synthesized and purified according to the procedure for the 11C-labeled compound was characterized by 13C-NMR and MS. The 13C-NMR data of ABP688 obtained from the reaction of 13C-CH3I and desmethyl-ABP688 confirmed O-methylation. The lipophilicity of the tracer was determined experimentally using the shake-flask method. The measured log D value of 2.4 suggests that 11C-ABP688 is sufficiently lipophilic for free diffusion through the blood–brain barrier. For central nervous system PET ligands, a postulated log D value between 2 and 3 has been given as an optimal range for good blood–brain barrier penetration (29).

      Saturation binding experiments using rat brain homogenates revealed a high Bmax value of 231 ± 18 fmol/mg and a KD of 1.7 ± 0.2 nmol/L, resulting in a favorable Bmax/KD ratio for a PET tracer (21). In rats and wt-mice, ex vivo autoradiography revealed a heterogeneous distribution pattern consistent with the known distribution of mGluR5 in the brain (26,27,30). The highest uptake was found in the hippocampus, striatum, and cortex. The cerebellum, a region with negligible mGluR5 density, showed the lowest brain uptake. The ultra high resolution of the method allowed differentiating between regions such as dentate gyrus, the CA1 region, and the stratum radiatum within the hippocampus (Fig. 4A).

      Initial biodistribution studies in mice revealed a heterogeneous uptake of the tracer in the brain; the highest accumulation was observed in known mGluR5-rich regions such as striatum, hippocampus, and cortex, and a low uptake was observed in the cerebellum. The specificity of 11C-ABP688 binding could be demonstrated with the help of mGluR5-ko-mice and using ex vivo autoradiography, which revealed homogeneous tracer uptake in all brain regions (31). The PET study also confirmed a markedly lower and more homogeneous brain uptake in mGluR5-ko-mice than in the wt-mice.

      Postmortem biodistribution studies on rats also confirmed the heterogeneous radioactivity uptake in brain regions known to contain high densities of mGluR5. Radioactivity accumulation in the hippocampus and striatum was similar and amounted to 0.19 and 0.22 %ID norm/g of organ, respectively, at 30 min after injection. The observed heterogeneity of tracer uptake again corresponded to the reported distribution pattern of mGluR5. Blocking studies by coinjection of 11C-ABP688 and unlabeled M-MPEP (1 mg/kg), a known selective mGluR5 antagonist, revealed up to 80% specific binding in mGluR5-rich rat brain regions (hippocampus, striatum, and cortex), whereas in the cerebellum, a region with negligible mGluR5 density, no significant changes in radioactivity uptake were observed (Fig. 5). A similar result was achieved in the PET study (Fig. 7), which showed specific uptake in the striatum and the hippocampus and low uptake in the cerebellum. The time–activity curves for striatum, hippocampus, and cerebellum reached a plateau shortly after tracer injection (data not shown) and remained constant during the entire PET scan. The specific tracer uptake in striatum and hippocampus could be inhibited by coinjection of the selective mGluR5 antagonist M-MPEP (1 mg/kg, intravenously). Taken together, these results confirmed the high selectivity of 11C-ABP688 for mGluR5 in vivo.

      Because radiolabeled metabolites may enter brain tissue and confound PET studies, we needed to verify that radioactive metabolites did not cross the blood–brain barrier; therefore, we directly examined rat brain extracts. The results indicated that more than 95% of the radioactivity found in the brain was parent compound 30 min after injection. The amount of radioactive metabolites—less than 5%—could be accounted for by the contribution from the brain vascular compartment. The extraction method proved suitable, because the recovery of radioactivity was greater than 90% in both brain and blood. Radiolabeled metabolites detected by HPLC were more hydrophilic than was the parent compound, suggesting that these metabolites would be too polar to enter the brain.

    

      CONCLUSION

      An efficient radiosynthesis for 11C-ABP688, producing the tracer in good radiochemical yield and with high specific radioactivity, was developed. 11C-ABP688 showed high affinity and specificity for mGluR5 in vitro and in vivo. Specific and heterogeneous brain uptake was confirmed by ex vivo autoradiography, postmortem biodistribution studies, and PET in rats. Biodistribution studies and PET in mGluR5-ko-mice confirmed the excellent specificity of the new ligand. Taken together, the preclinical profile of 11C-ABP688 indicates that 11C-ABP688 has the potential to become a valuable tracer for imaging mGluR5 distribution in humans using PET. Furthermore, it could be of great value for the selection of appropriate doses of clinically relevant candidate drugs that bind to mGluR5.
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