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Abstract: 

Objectives: (R)-[11C]verapamil is widely used as a PET tracer to evaluate P-glycoprotein (P-

gp) functionality at the blood-brain barrier in man. A disadvantage of (R)-[11C]verapamil is the 

fact that its main metabolite, [11C]D617, also enters the brain. For quantitative analysis of (R)-

[11C]verapamil data it has been assumed that cerebral kinetics of (R)-[11C]verapamil and 

[11C]D617 are the same. The aim of the present study was to investigate whether cerebral 

kinetics of (R)-[11C]verapamil and [11C]D617 are indeed similar and, if so, whether [11C]D617 

itself could serve as an alternative PET tracer for P-gp.  

Methods: [11C]D617 was synthesized and its ex vivo biodistribution investigated in male rats at 

4 time points, following intravenous administration of [11C]D617 (50 MBq) without (n=4) or with 

(n=4) pretreatment with the P-gp inhibitor tariquidar (15 mgkg-1, ip). Brain distribution was 

further assessed using consecutive PET scans (n=8) before and after pretreatment with 

tariquidar (15 mgkg-1, iv), as well as metabolite analysis (n=4). 

Results: The precursor for the radiosynthesis of [11C]D617, 5-amino-2-(3,4-dimethoxy-phenyl)-

2-isopropyl-pentanitrile (desmethyl D617), was synthesized in 41% overall yield. [11C]D617 

was synthesized in 58-77% decay corrected yield with a radiochemical purity of  ≥99%. The 

homogeneously distributed cerebral volume of distribution VT of [11C]D617 was 1.1 and this 

increased 2.4-fold after tariquidar pretreatment.  

Conclusion: VT of [11C]D617 was comparable to that of (R)-[11C]verapamil, but its increase after 

tariquidar pretreatment was substantially lower. Hence, (R)-[11C]verapamil and [11C]D617 do 

not show similar brain kinetics after inhibition of P-gp with tariquidar. 
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1. Introduction 

The blood-brain barrier (BBB) is a tightly connected cell layer which protects the brain from 

harmful substances and regulates the transfer of various compounds between brain and blood. 

The tight junctions between endothelial cells of the BBB force drugs to penetrate through rather 

than between these cells. This can be achieved by passive diffusion, active influx or active 

efflux. Passive diffusion is promoted by (1) high lipophilicity, (2) ideally an octanol-water water 

partition coefficient (Log P) roughly between 0.9  and 2.51, (3) low molecular weight (<500 Da), 

(4) small cross-sectional area (<80Å2) and (5) lack of charged atoms2. Passive transport does 

not require energy and molecules are moved along the concentration gradient. Active influx 

and efflux are processes that require energy such as ATP, which can therefore transport 

molecules against a concentration gradient. P-glycoprotein (P-gp) is an ATP-dependent 170-

180 kDa transmembrane glycoprotein present at the luminal side of the BBB, lowering the 

brain concentration of its substrates. This phenomenon may be associated with drug-

resistance in several diseases, such as temporal lobe epilepsy3,4,5, depression6 and HIV7. 

Furthermore, a change in P-gp function at the BBB has been proposed as possible link in the 

aetiology of several neurological diseases6,7. 

 

At present, (R)-[11C]verapamil is one of the most commonly used positron emission 

tomography (PET) tracers for assessing P-gp function in vivo in man8,9,10. One important 

problem of (R)-[11C]verapamil is its rather complex metabolism9. The main metabolites of (R)-

[11C]verapamil are dealkylation fragments, such as [11C]D617 and [11C]D717, together with the 

so called polar fraction. Most likely, this polar fraction represents single carbon molecules, such 

as [11C]formaldehyde, [11C]formic acid and [11C]carbon dioxide. A schematic representation of 

the metabolic pathway is depicted in scheme 1 (adapted from Luurtsema9 et al). 
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Scheme 1. Metabolites of (R)-[11C]verapamil (adapted from Luurtsema et al9). 

 

These C-11 labelled metabolites may add to the measured PET signal. In order to quantify 

transport of (R)-[11C]verapamil across the BBB, the contribution of this non-specific signal 

should be corrected for using an appropriate tracer kinetic model. Lubberink11 et al investigated 

several different kinetic models for the analysis of human (R)-[11C]verapamil data, both with 

and without including a correction for labelled metabolites. Among the various models tested, 

the single tissue compartment model with plasma input function only corrected for polar 

metabolites resulted in the lowest test-retest variability. It was concluded that lipophilic 

metabolites of (R)-[11C]verapamil ([11C]D617 and [11C]D717) seemed to enter the brain with 

similar kinetics as the parent compound (R)-[11C]verapamil itself. This assumption, however, 

has never been validated.   

The main aim of the present study was to synthesise [11C]D617, the main metabolite of (R)-

[11C]verapamil, and to assess whether kinetics of [11C]D617 and (R)-[11C]verapamil are indeed 
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similar in vivo. A secondary aim was to assess whether [11C]D617 itself could serve as a better 

substrate tracer of P-gp. 

 

 

2. Materials & Methods 

 

2.1 General  

 

Chemicals were obtained from Sigma Aldrich and were used without further purification. 

Tariquidar was purchased from AzaTrius Pharmaceuticals Pvt Ltd (Mumbai, India). All 

reactions were carried out under an Argon atmosphere, unless stated otherwise. [11C]CO2 was 

produced by an IBA Cyclone 18/9 cyclotron and [11C]methyl triflate was produced as described 

previously12. Radiosynthesis were performed using home made synthesis modules13. NMR 

Spectra were obtained on a Bruker AC 200 (Billerica, USA). Chemical shifts (δ) were defined 

relative to the signal of the solvent (7.27 for CDCl3, 2.50 for DMSO-d6). For preparative HPLC 

a Zorbax Bonus Rp (Agilent, the Netherlands) and an eluent of acetonitrile / water / 

diisopropylamide 40 / 60 / 0.2 (v/v/v) were used with a flow of 4 mLmin-1 (method A). For 

analytical HPLC a Kromasil 100 C18 (Grace Alltech, the Netherlands) column at a wavelength 

of 230 nm with an eluent containing acetonitrile / water / diisopropylamide 65 / 35 / 0.2 (v/v/v) 

and a flow of 1 mLmin-1 was used (method B). For metabolite analysis a LUNA C8 10*250 

5µm (Phenomenex, the Netherlands) column was used (method C) with the following 

gradients: A = 0.1% TFA in H2O B =MeOH. 0 min: 20%B @ 0.25 mLmin-1 0.5 min: 20%B @ 

3 mLmin-1,14.5 min: 80%B @ 3 mLmin-1, 15 min: 20%B @ 3 mLmin-1, 19.5 min: 20%B @ 

0.25 mLmin-1, 20 min: 20%B @ 0.02 mLmin-1.  

Both Wistar and Sprague Dawley rats, obtained from Harlan (The Netherlands), were housed 

in groups of 4-6 per cage until treatment. They were kept at a constant temperature of 21°C 

and at a 12 h light/dark cycle, in which lights were switched on at 8:00 AM. Animals had 
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unrestricted access to food (Teklad Global 16% Protein Rodent Diet, Harlan, Madison, WI, 

USA) and water. All animal experiments were performed in compliance with Dutch laws on 

animal experimentation and after approval by the local animal ethics committee. 

 

2.2 Synthesis  

 

2.2.1 2-(3,4-Dimethoxy-phenyl)-3-methyl-butyronitrile 2: 

 

Sodium hydride (2.7 g, 113 mmol) was washed with pentane (2 times 10 mL) and dissolved in 

50 mL of dry dimethyl formamide (DMF). This mixture was added to 3,4-

dimethoxyphenylacetonitrile (1) (10.1 g, 57 mmol) in 10 mL of DMF and subsequently stirred 

for 5 hours at ambient temperature. Next, isopropylbromide (5.67 g, 46 mmol) was added 

dropwise. This mixture was stirred at ambient temperature for 18 hours, after which it was 

quenched with 25 mL of 1.7 M HCl in water. The mixture was extracted 4 times with 25 mL of 

diethyl ether. The combined diethyl ether layers were washed with 25 mL of water and dried 

over Na2SO4. After filtration the solvent was evaporated under reduced pressure to yield 7.78 

g (77%) of 2. TLC: ethyl acetate / hexane 25 / 75 (v/v) Rf = 0.2, 1H-NMR (CDCl3) δ: 6.82 (1H, 

s, aromatic proton), 6.82 (1H, s, aromatic proton), 6.76 (1H, s, aromatic proton), 3.88 (3H, s, 

OCH3), 3.86 (3H, s, OCH3), 3.57 (1H, d, J=6.4Hz CHCN), 2.05 (1H, m, CH(CH3)2), 1.02 (6H, 

d, J=6.5Hz, CH(CH3)2). 

 

2.2.2 5-Bromo-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 3: 

 

2-(3,4-Dimethoxy-phenyl)-3-methyl-butyronitrile (2) (3.0g, 14 mmol) was dissolved in 20 mL of 

anhydrous THF and cooled to -78 °C. 12 mL (19.2 mmol) of n-butyl lithium (1.6M in hexane) 

was added and the mixture was kept at -78 °C for 2 hours. Then 2.8 mL (27.4 mmol) of 1,3-

dibromopropane was added. The mixture was allowed to warm to room temperature, treated 

with a saturated solution of ammonium chloride and extracted 3 times with 25 mL of diethyl 
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ether. The combined organic layers were dried over Na2SO4, the solvent was evaporated under 

reduced pressure, and the residue was purified by flash column chromatography using ethyl 

acetate / cyclohexane 7/3 (v/v), to yield 3.87g (83%) of compound 3. TLC: Ethylacetate/Hexane 

1/3 Rf = 0.3, 1H-NMR (CDCl3) δ: 6.85 (3H, m, aromatic protons), 3.88 (3H, s, OCH3), 3.87 (3H, 

s, OCH3). 3.34 (2H, m, CH2Br), 2.10 (4H, m), 1.55 (1H, m, CH(CH3)2), 1.18 (3H, d, J=6.6Hz, 

CH(CH3)2), 0.79 (3H, d, J=6.6Hz, CH(CH3)2).  

 

2.2.3 2-(3,4-dimethoxy-phenyl)-5-(1,3-dioxo-dihydro-isoindol-2-yl)-2-isopropyl-pentanitrile 4: 

 

18-Crown-6-ether (80 mg, 0.3 mmol) and 5-bromo-2-(3,4-dimethoxy-phenyl)-2-isopropyl-

pentanitrile (3) (570 mg, 1.67 mmol) were dissolved in 3 mL of anhydrous toluene. Potassium 

phthalimide (340 mg, 1.83 mmol) was added and the mixture was heated to reflux for 6 hours. 

The reaction mixture was cooled to room temperature and 10 mL of H2O was added. After 

separation, the organic layer was dried with Na2SO4 and solvent was removed under reduced 

pressure. Compound 4 was obtained as a thick oil (584 mg, 86%) and was used without further 

purification. TLC: ethyl acetate / hexane 1 / 3 (v/v) Rf = 0.2, 1H-NMR (CDCl3) δ: 7.70 (4H, m, 

phthalic protons), 6.79 (3H, m, aromatic protons), 3.83 (3H, s, OCH3), 3.81 (3H, s, OCH3), 3.6 

(2H, m, (CH2Ft), 1,60-2.31 (5H, m), 1.15 (3H, d, J=6.6Hz, CH(CH3)2), 0.75 (3H, d, J=6.6Hz 

CH(CH3)2).  

 

2.2.4 5-amino-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 5: 

 

Hydrazine hydrate (0.5 mL, 10.3 mmol) was added to a solution of 2-(3,4-dimethoxy-phenyl)-

5-(1,3-dioxo-dihydro-isoindol-2-yl)-2-isopropyl-pentanitrile 4 (570 mg, 1.40 mmol) in 3 mL of 

THF and 2 mL of EtOH. The mixture was stirred for 3 hours at room temperature and the solid 

filtered off and washed with THF. The filtrate was evaporated under reduced pressure and the 

resulting material was purified by column chromatography using chloroform / methanol 9 / 1 

(v/v) to yield 286 mg (74%) of 5 as a thick slightly yellow oil. TLC: CHCl3/ MeOH 9/1 v/v Rf = 
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0.4, 1H-NMR (CDCl3) δ: 6.79 (3H, m, aromatic protons), 3.86 (3H, s, OCH3), 3.84 (3H, s, 

OCH3), 2.61 (2H, m, (CH2NH2), 1.40-2.20 (7H, m), 1.15 (3H, d, J=6.6Hz CH(CH3)2), 0.76 (3H, 

d, J=6.7Hz CH(CH3)2). 13C-NMR (CDCl3) δ 149.1, 148.4, 130.6, 121.4, 118.8, 111.2, 109.7, 

56.1, 55.9, 53.3, 41.7, 37.9, 35.3, 29.2, 19.0, 18.6. HRMS (ESI) m/z calcd for C16H25N2O2 (M+) 

277.1911 found 277.1917. 

 

2.2.5 synthesis of 2-(3,4-Dimethoxy-phenyl)-2-isopropyl-5-methylamino-pentanitrile (D617): 

 

200 mg of 5-Bromo-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 3 was dissolved in 10 

mL of toluene. Next 3.0 mL of 40 weight% methylamine in water was added. The reaction 

mixture was stirred at room temperature for 24 hours. Thereafter 25 mL of toluene was added 

and the solution was washed 3 times with water. The solution was dried with Na2SO4 and the 

solvent was evaporated under reduced pressure. The remaining oil was further purified by 

column chromatography using ethyl acetate / cyclohexane 7 / 3 (v/v) to yield 96 mg (56%) 

D617 as a thick slightly yellow oil. 1H-NMR (CDCl3) δ: 6.88 (3H,m, aromatic protons), 3.86 (3H, 

s, OCH3), 3.81 (3H, s, OCH3), 2.85 (2H, m, (CH2N), 2.45 (3H, s, CH3N), 1,40-2.20 (7H, m), 

1.15 (3H, d, J=6.6Hz CH(CH3)2), 0.72 (3H, d, J=6.7Hz CH(CH3)2). 13C-NMR (CDCl3) δ 149.4, 

148.6, 129.7, 121.1, 119.0, 111.3, 109.5, 56.4, 56.0, 53.3, 48.6, 38.1, 35.0, 32.4, 22.0, 18.9, 

18.8. HRMS (ESI) m/z calcd for C17H27N2O2 (M+) 291.2067 found 291.2065.  

 

2.3 Radiosynthesis of [11C]D617 

 

The automated13 synthesis of [11C]D617 was performed by addition of [11C]methyl triflate14 to 

a solution of 500 µL acetonitrile containing 1.5 mg (5.4 µmol) precursor 5 at 0°C. After trapping 

[11C]methyl triflate, the temperature was raised to 50°C for 3 minutes, after which the reaction 

mixture was quenched with 0.5 mL of HPLC eluent. This mixture was purified using HPLC 

method A. Next, the fraction containing [11C]D617 was collected. Prior to solid phase 

extraction, the collected fraction was diluted with 24 mL of water. The mixture was passed over 
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a tC-18 Sep-Pak to remove the acetonitrile and concentrate the [11C]D617 product solution. 

[11C]D617 was trapped, the cartridge washed with 20 mL of water, after which the product was 

eluted from the tC-18 Seppak with 1 mL of sterile ethanol. Finally, 9 mL of sterile and pyrogen 

free 7.09 mM NaH2PO4 in saline was added to the ethanol fraction. Subsequently, the 

formulation mixture containing [11C]D617 was passed over a Millex GV filter (Millipore, The 

Netherlands) for sterilization. Radiochemical purity of the product was determined by HPLC 

(Method B). The retention time of [11C]D617 was 10.8 minutes, which was confirmed with 

reference D617. 

 

2.4 Biodistribution / blocking studies 

 

The biodistribution of [11C]D617 was determined in male Wistar rats with a mean (± SD) weight 

of 213 ± 10 g. Rats (n=4 per time point) received a dose of 50 MBq [11C]D617 in the tail vein 

under isoflurane anaesthesia and were euthanized, again under isoflurane anaesthesia at 

either 5, 15, 30, or 60 minutes after injection. Blood, urine, heart, lung, liver, kidney, spleen, 

testes, and muscle were removed. In addition, several brain areas were dissected: olfactory 

bulb, hippocampus, striatum, hypothalamic region, cerebellum, cerebral cortex and rest brain. 

These tissues were then counted for radioactivity with a gamma counter (LKB Wallac, Turku, 

Finland) and weighed. Results were expressed as percent injected dose per gram (%ID/g).  

To study the specific behaviour of [11C]D617 as a P-gp substrate, a second biodistribution 

experiment was performed in a group of male Wistar rats (n=4), which were pre-treated with 

15 mgkg-1 tariquidar (P-gp inhibitor) via ip injection 15 minutes prior to the injection of 

[11C]D617. These rats were euthanized 30 minutes after injection of [11C]D617. Dissection and 

biodistribution calculations were performed as described above.   
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2.5 Metabolite analysis 

 

To study the metabolic profile of [11C]D617 in plasma, four male Wistar rats, were injected with 

100-150 MBq [11C]D617 in the tail vein under isoflurane anaesthesia. These rats were 

sacrificed at 30 minutes post injection. Immediately, 2 mL of blood was collected via a heart 

puncture and the brain was removed. Blood was collected in a heparin tube and centrifuged 

for 5 minutes at 4000 RPM (Hettich universal 16, Depex B.V., the Netherlands). Plasma was 

separated from blood cells, and 1 mL was loaded onto an OASIS HLB Sep-Pak (Waters, the 

Netherlands) and the Sep-Pak was washed with 20 mL of water. This eluate was defined as 

the polar radiolabelled metabolite fraction. Thereafter the OASIS HLB cartridge was eluted 

with 1.5 mL of methanol. This eluate was defined as the non-polar fraction and was analyzed 

using HPLC (method C). 

Brain tissue was homogenized with an ultrasonic homogenizer (Braunsonic 1510, Germany) 

in cold water, under ice-cooling, and subsequently centrifuged at 4000 rpm for 5 minutes. 

Separated supernatants were loaded onto an OASIS HLB Sep-Pak and first washed with 20 

mL water to obtain the polar fraction and secondly washed with 1.5 mL methanol to obtain the 

non-polar fraction which was again analyzed by HPLC (method C).  

 

2.6 PET studies in rats 

 

Wistar rats (n=4) and Sprague Dawley rats (n=4) with a mean (± SD) weight of 258 ± 7 g were 

anesthetized with 4 and 2% isoflurane in 1 Lmin-1 oxygen for induction and maintenance, 

respectively. The femoral vein and artery were cannulated prior to PET scanning for 

administration of [11C]D617 and tariquidar, and blood sampling, respectively.  

Animals were scanned in pairs using a double LSO/LYSO layer High Resolution Research 

Tomograph (HRRT; CTI/Siemens, Knoxville, TN, USA)15. First, for attenuation and scatter 

correction purposes, a transmission scan was acquired using a 740 MBq 2-dimensional (2D) 

fan-collimated 137Cs (662 keV) moving point source16. Next, a dynamic emission scan was 
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acquired immediately following administration of 17 ± 2 MBq [11C]D617. Immediately after the 

end of the first PET scan, rats were injected with 15 mg/kg tariquidar. 20-25 minutes later rats 

were administered with 16 ± 5 MBq [11C]D617 and a second identical PET scan was performed. 

Both emission scans were acquired in list mode and rebinned into the following frame 

sequence: 12x10, 2x30, 2x60, 2x150, 2x300 and 4x600 s. 

Following corrections for decay, dead time, scatter and randoms, scans were reconstructed 

using an iterative 3D ordered-subsets weighted least-squares (3D-OSWLS) method17. Point 

source resolution varied across the field of view from approximately 2.3 to 3.2 mm full width at 

half maximum in the transaxial direction and from 2.5 to 3.4 mm in the axial direction15. 

During both scans arterial blood samples of 0.1 mL were obtained at 0.5, 1, 3, 20 and 60 

minutes after [11C]D617 injection. Plasma was obtained by centrifugation at 5000 rpm for 5 min 

and activity in plasma and whole blood samples was measured in an automated 1282 

Compugamma CS Universal Gamma Counter (LKB Wallac, Turku, Finland), cross-calibrated 

against the PET scanner.  

Standardized uptake values (SUV) as function of time were calculated for both plasma and 

brain according to equation (1).   

 

weightbodyperityradioactivInjected

ionconcentratityRadioactiv
SUV =

   (1)

 

 

To obtain a model independent estimate of the brain-to-blood partition coefficient, often 

referred to as volume of distribution (VT), Logan graphical analysis18 was used. In addition, the 

influx rate constant K1 was estimated from this analysis. Both brain and plasma concentrations 

were corrected for labelled metabolites before Logan analysis. As metabolite fractions were 

not measured at each plasma or mid-frame time point, linear regression was used to estimate 

the fraction (f) of intact [11C]D617 at all time points. The activity at each time point was then 

multiplied with the fraction of intact [11C]D617 according to equation (2), where Cc is the activity 

concentration in brain or plasma used for modelling purposes, Cm the (total) activity 
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concentration as measured in the gamma counter (plasma concentration) or scanner (brain 

concentration) and f the fraction of unchanged [11C]D617. Thus, f is a value between 0 and 1. 

 

 

fCC mc =         (2) 

 

VT and K1 estimates were compared with reported estimates for (R)-[11C]verapamil using the 

same scanner and a similar experimental design19.  

 

3. Results 

 

3.1 Synthesis of 5-amino-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 5 

 

5-amino-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 5 was synthesized in an overall 

yield of 41% and D617 was synthesized in an overall yield of 36%. These results are 

comparable to those of previously described syntheses20,21. Both compounds were analyzed 

by HPLC using method B at 229 nm and no impurities were observed on UV. 

 

3.2 Radiosynthesis 

 

The radiosynthesis of [11C]D617 yielded 2.9 to 4.0 GBq (58-77%) yield starting from [11C]methyl 

triflate) of product at the end of synthesis with a radiochemical purity of >99% and a specific 

activity of 70 – 94 GBqµmol-1 at end of synthesis. The various reaction parameters 

investigated and radiochemical yields are listed in Table 1. The presented yields are decay 

corrected and either determined by analysing samples taken from the crude reaction mixture 

(analytical yields) or determined from the activity at start of synthesis and the activity in the 

formulated product.  
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Amount 5 
(µmol) 

Solvent Temp  
(°C) 

Time 
(min) 

Methylation 
agent 

Yield 
(%) 

Yield N 

5.4 MeCN 50 5 [11C]CH3I 37 Analytical 1 

3.6 MeCN 100 5 [11C]CH3I 54 Analytical 1 

5.4 MeCN 100 5 [11C]CH3I 58 ± 2 Analytical 2 

5.4 MeCN 100 8 [11C]CH3I 53 Analytical 1 

5.4 MeCN 90 5 [11C]CH3I 54 Analytical 1 

5.4 MeCN 90 5 [11C]CH3I 27 ± 5 Prep. 4 

5.4 MeCN 50 5 [11C]CH3I 15 Prep. 1 

5.4 MeCN 70 5 [11C]CH3I 25 Prep. 1 

5.4 MeCN 110 5 [11C]CH3I 35 Prep. 1 

5.4 MeCN 60 5 [11C]CH3OTf 72 ± 7 Prep. 4 

5.4 DMF 60 5 [11C]CH3OTf 38 Prep. 1 

3.6 MeCN 60 5 [11C]CH3OTf 49 Prep. 1 

5.4 MeCN 60 3 [11C]CH3OTf 71 ± 2 Prep. 2 

5.4 MeCN 50 3 [11C]CH3OTf 70 ± 6 Prep. 9 

 

Table 1. Overview of parameters investigated to optimize the radiosynthesis of [11C]D617. 

 

The methylation reaction proceeded without significant by-product formation.  Small 

radioactive peaks were typically observed in the front of the preparative HPLC chromatogram 

(method A), one of which (at 6 min) was unreacted [11C]methyl iodide, Figure 1.  
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Figure 1. Preparative HPLC chromatogram of [11C]D617. The upper panel shows the UV signal 

and the lower panel the radioactivity signal. 

 

A typical chromatogram of the analysis of formulated [11C]D617 (HPLC method B) is shown in 

Figure 2. The radiochemical purity was determined to be higher than 99%.  

   

 

Figure 2. Analytical chromatograms of formulated [11C]D617. The upper panels show the UV 

signal and the lower panels the radioactivity signal. The left HPLC chromatogram shows the 

quality control, the right chromatogram shows the analysis chromatogram spiked with cold 

D617. 
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3.3 Ex vivo biodistribution 

 

The peripheral ex vivo biodistribution of [11C]D617 (Figure 3) at 5 minutes showed a level of 

1.9% ID/g in the lungs, 1.5% ID/g in the liver and 2.5% ID/g in the kidney with a fast subsequent 

washout from those organs thereafter. The heart also showed fast clearance of radioactivity. 

Blood, testes and brain areas remained low over time <0.1% ID/g. Uptake of [11C]D617 in brain 

was homogenous (Figure 4).  

       

Figure 3. Peripheral ex vivo biodistribution of [11C]D617 after iv injection, injection was 

performed under isoflurane anaesthesia. 
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Figure 4. Ex vivo distribution of [11C]D617 in brain and testes after iv injection, injection was 

performed under isoflurane anaesthesia. 

 

Effects of predosing rats with 15 mgkg-1 tariquidar ip, 30 minutes prior to injection of [11C]D617 

iv, are depicted in Figures 5 and 6.  
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Figure 5. Ex vivo biodistribution of [11C]D617 of peripheral organs in Wistar rats sacrificed at 

30 minutes after injection of [11C]D617, with and without tariquidar administration. Tariquidar 

(15 mgkg-1, ip) was administered 30 minutes prior to [11C]D617 (iv), injections were performed 

under isoflurane anaesthesia. 

 

Figure 6. Ex vivo distribution of [11C]D617 in brain and testes in Wistar rats sacrificed at 30 

minutes after injection of [11C]D617, with and without tariquidar administration. Tariquidar (15 

mgkg-1, ip) was administered 30 minutes prior to [11C]D617 (iv) , injections were performed 

under isoflurane anaesthesia. 

 

No significant differences in uptake of [11C]D617 were seen between control and tariquidar 

treated rats using a standard unpaired t-test.  

 

3.4 Metabolite analysis 

 

Thirty minutes post injection, polar metabolites accounted for about 50% of total radioactivity 

in plasma. Using HPLC, the non-polar fraction was shown to be parent [11C]D617 (15% of the 
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total radioactivity in plasma) together with two unidentified radioactive metabolites, which 

accounted for 35% of the total radioactivity in plasma. At the same time, radioactivity in brain 

tissue consisted for about 70% of parent [11C]D617 and 30% of polar metabolites. The two 

radioactive non-polar metabolites observed in plasma, were not detected in brain. 

 

3.5 PET Imaging 

 

PET imaging was performed within 10 min. after the radiosynthesis. Of the 8 rats scanned, 

one Wistar rat died after tariquidar treatment. Therefore, 8 baseline and 7 post tariquidar scans 

were available. Typical summed [11C]D617 images (10-60 minutes) before and after tariquidar 

administration are shown in Figure 7.  

 

 

Figure 7. Summed (10-60 minutes) images of [11C]D617 in a Wistar rat, before (left) and after 

(right) administration of tariquidar (15 mg/kg, iv) , imaging was performed under isoflurane 

anaesthesia.  

 

Brain uptake of [11C]D617 at baseline was low and rather homogenous throughout the brain 

with SUV values around 0.1 at 45 minutes. Time activity curves (Figure 8) showed both fast 
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uptake and fast clearance of the tracer in the entire brain. After tariquidar treatment, brain 

uptake of [11C]D617 was increased 2-fold. There were no substantial differences between 

Wistar and Sprague-Dawley rats (Figure 8) and therefore data from both animal groups were 

pooled. Mean (± SD) VT and K1 estimates for all rats are listed in Table 2. For comparison, 

Table 2 also contains reported VT and K1 estimates for (R)-[11C]verapamil19. 

 

Figure 8. Average whole brain (± SD) time activity curves of [11C]D617 for Wistar (n=4) and 

Sprague-Dawley rats before and after ip administration of tariquidar. All curves are derived 

from 4 rats, except for Wistar rats after tariquidar where only 3 rats were available.  

 

Table 2. Mean (± SD) VT and K1 values for [11C]D617, derived using Logan analysis. 

 [11C]D617 (n=8) (R)-[11C]verapamil19 

(n=10) 

[11C]D617 

+ tariquidar (iv) 

(n=7) 

(R)-[11C]verapamil19 

+ tariquidar (iv) 

(n=10) 

VT 1.14 ± 0.16 1.04 ± 0.19 2.31 ± 0.44 10. 9 ± 1.3 

K1 0.08 ± 0.04 0.06 ± 0.02 0.09 ± 0.03 0.85 ± 0.16 
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 [11C]D617 data corrected for labelled metabolites in both brain and plasma. 

[11C]Verapamil data corrected for labelled metabolites in plasma only19. 

 

 

4. Discussion 

 

Synthesis of 5-amino-2-(3,4-dimethoxy-phenyl)-2-isopropyl-pentanitrile 5, according to 

scheme 2, gave an overall yield of 41%. This yield was in accordance with data from previous 

reports20,21. Synthesis of 2, with sodium amide as a base, as described by M. Kazuya et al20 

could not be reproduced. Using a stronger base (sodium hydride), however, alkylation could 

be achieved. Precursor (5) was pure and suitable for radiolabeling. 

Separation of the (R) and (S) isomers of compound 5 was not successful. Therefore, all 

syntheses were performed with the racemic mixture. This seems reasonable for this proof of 

concept study, especially since it is already known that cerebral kinetics of (R)- and (S)-

verapamil are essentially the same12. If [11C]D617 would be taken further, however, separation 

of the two isomers will become essential.  

Radiolabeling of [11C]D617 was performed using both [11C]methyl iodide and [11C]methyltriflate. 

[11C]methyl iodide yielded up to 35% of [11C]D617, whilst [11C]methyltriflate resulted in a yield 

of 58-77%. Using DMF as a solvent or reducing the amount of precursor resulted in a lower 

yield. A higher amount of precursor was not attempted, as the tail of the precursor might 

overlap with the product peak in the preparative HPLC, resulting in less purity of the product. 

Yields were based on starting amounts of [11]CH3I or [11C]CH3OTf. Radiochemical purity and 

specific activity were comparable for both methylation methods. The total synthesis time was 

45 minutes in all cases. 
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Scheme 2. Synthesis of [11C]D617 and desmethyl D617 5; a: DMF, NaH, isopropyl bromide, 

RT, 5h, 77%; b: THF, n-BuLi, 1,3-dibromopropane, -78°C, 2h, 83%; c: toluene, 18-Crown-6-

ether, potassium phthalimide, reflux, 6h, 86%; d: THF, EtOH, hydrazine.H2O, RT, 2h, 74%; e: 

methylamine, toluene, H2O, RT, 4h, 56%. 

 

In the brain only polar radioactive metabolites were observed. These radiolabelled polar 

metabolites will provide a non-specific background signal, which should be independent of P-

gp. In contrast, 2 non-polar metabolites were observed in plasma. These were not 

characterized and were not observed in the brain area therefore it is not known whether these 

are P-gp substrates. These metabolites were not further characterized as they did not 

contribute to the PET signal in the brain. 

The biodistribution of [11C]D617 was performed in male Wistar rats n=4 at 4 different time 

points. Blood concentrations were already low at 5 minutes (<0.3% ID/g). Most of the 

radioactivity was cleared rapidly via the urinary tract. These results are comparable with the 

baseline data of (R)-[11C]verapamil19. Such a fast wash out from the blood is beneficial for the 

specific PET signal in the brain, since the contribution of intravascular activity to the PET signal 

will be negliabale. Uptake in lungs, liver and kidneys was about 2% ID/g at 5 minutes. Washout, 

however, was fast and after 60 minutes levels were below 0.8% ID/g. Both brain and testes 

uptake was low (<0.1% ID/g) with a homogeneous distribution in brain at all time points. This 

low uptake of [11C]D617 would be expected for a P-gp substrate, but can only be confirmed by 

selectively inhibition of P-gp. Therefore, a second ex vivo biodistribution was performed 

following pretreatment with 15 mg/kg ip of the selective P-gp inhibitor tariquidar. It has been 
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reported that intraperitoneal administration of tariquidar results high brain concentrations, 

inducing pharmacological effects22. Although this should lead to complete blocking of P-gp 

function3, in the present study ip administration of tariquidar did not significantly alter uptake of 

[11C]D617 in blood, lungs and liver and only a slight increase in kidneys was observed. In 

particular, ip administration of tariquidar did not increase brain uptake of [11C]D617, suggesting 

that [11C]D617 may not be a P-gp substrate. Nevertheless a small increase in uptake of 

[11C]D617 in the testes, another organ with high P-gp expression, was observed. It is therefore 

likely that, in contrast to previous reports3,22, applied dose in combination with the 

administration route of tariquidar was inadequate to inhibit P-gp function at the BBB. 

To asses cerebral kinetics of [11C]D617 before and after tariquidar administration in more 

detail, in vivo PET studies were performed. To achieve higher blood concentrations of 

tariquidar in these PET studies, tariquidar was administered via iv injection. In most studies 

investigating P-gp function Spraque Dawley rats have been used. To assess possible 

differences in tariquidar induced pharmacokinetic effects between Sprague Dawley and Wistar 

rats, 4 rats of both strains were used in the PET studies. These in vivo studies showed an 

approximately 2-fold increase in the cerebral volume of distribution VT of [11C]D617 after iv 

administration of tariquidar in both Wistar and Sprague Dawley rats, indicating that the lack of 

a tariquidar induced effect in the ex vivo biodistribution study was indeed due to the route of 

administration. 

Comparison with previously reported (R)-[11C]verapamil data showed that, at baseline, kinetics 

of [11C]D617 and (R)-[11C]verapamil were similar (Table 2). Tariquidar induced P-gp inhibition, 

however, resulted in only a 2-fold increase in cerebral VT of [11C]D617, whilst for (R)-

[11C]verapamil a 10-fold increase has been observed after treatment with the same dose of 

tariquidar. Indicating that (R)-[11C]verapamil is a stronger P-gp substrate than [11C]D617.  

The similarity in kinetics of [11C]D617 and (R)-[11C]verapamil at baseline provides support for 

the kinetic model used to analyse (R)-[11C]verapamil data11. Nevertheless, the dissociation of 

kinetics between [11C]D617 and (R)-[11C]verapamil after P-gp inhibition indicates that this 
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assumption should be used with care. Further simulation studies are needed to assess the 

impact of these differences under different conditions. 

 

 

5. Conclusion 

 

In conclusion, [11C]D617 could be labelled in sufficient yield. [11C]D617 is a P-gp substrate with 

similar cerebral kinetics as (R)-[11C]verapamil under baseline conditions. Inhibition of P-gp 

resulted in a much smaller increase in cerebral uptake of [11C]D617, suggesting a lower affinity 

for P-gp than (R)-[11C]verapamil. 
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