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Abstract

Purpose—PET radioligands specific to ay nicotinic acetylcholine receptors (nAChRs) afford in
vivo imaging of this receptor for neuropathologies such as Alzheimer’s disease, schizophrenia, and
substance abuse. This work aims to characterize the kinetic properties of an a7-nAChR specific
radioligand, 7-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-2-[18F]-fluorodibenzo[b,d]thiophene 5,5-
dioxide ([18F]DBT-10), in nonhuman primates.

Methods—[8F]DBT-10 was produced via nucleophilic substitution of the nitro-precursor. Four
Macaca mulatta subjects were imaged with [18F]DBT-10 PET, with measurement of [18F]DBT-10
parent concentrations and metabolism in arterial plasma. Baseline PET scans were acquired for all
subjects. Following one scan, ex vivo analysis of brain tissue was performed to inspect for
radiolabeled metabolites in brain. Three blocking scans with 0.69 and 1.24 mg/kg of the a7-
nAChR-specific ligand ASEM were also acquired to assess dose-dependent blockade of
[18F]DBT-10 binding. Kinetic analysis of PET data was performed using the metabolite-corrected
input function to calculate the parent fraction corrected total distribution volume (V1/fp).

Results—[18F]DBT-10 was produced within 90 min at high specific activities of 428+436 GBq/
umol at end of synthesis. Metabolism of [18F]DBT-10 varied across subjects, stabilizing by 120
min post-injection at parent fractions of 15-55%. Uptake of [18F]DBT-10 in brain occurred
rapidly, reaching peak SUVs of 2.9-3.7 within 30 min. The plasma free fraction was 18.8+3.4%.
No evidence for radiolabeled [8F]DBT-10 metabolites was found in ex vivo brain tissue samples.
Kinetic analysis of PET data was best described by the two-tissue compartment model. Estimated
Vq/fp values were 193-376 mL/cm?3 across regions, with regional rank order of thalamus > frontal
cortex > striatum > hippocampus > occipital cortex > cerebellum > pons. Dose dependent
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blockade of [18F]DBT-10 binding by structural analog ASEM was observed throughout the brain,
and occupancy plots yielded a Vyp/fp estimate of 20+16 mL/cm?.
Conclusions—These results demonstrate suitable kinetic properties of [18F]DBT-10 for in vivo

quantification of a7-nAChR binding in nonhuman primates.
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Introduction

Nicotinic acetylcholine receptors (nAChRs) are ligand-gated ion channels distributed
throughout the central nervous system [1]. They are composed of subunits arranged in a
pentameric fashion, most commonly in heteromeric a4f3,- and homomeric a7-nAChR
subtype assemblies [2]. Cerebral a7-nAChRs have generated much interest for their role in
inflammation [3], memory, and cognition [4, 5], and have been implicated in psychiatric
pathologies including schizophrenia [6], Alzheimer’s disease [7], depressive disorder [8],
and substance abuse disorders [9, 10]. However, the role of a7-nAChRs in these
neuropathologies is not yet well understood.

Positron emission tomography (PET) radioligands specific to the a7-nAChR provide critical
tools for in vivo assay of receptors in disease progression and drug development. A number
of a7-nAChR radioligands have been evaluated (see [11] for review), however, only two
have been advanced to PET imaging in humans (see Fig. 1). The first, [L1C]CHIBA-1001,
exhibited high non-specific binding and poor specificity for the az-nAChR receptor [12, 13],
with peak target-background ratios of 1.3, limiting its clinical utility. The second,
[8FJASEM, exhibited preclinical binding potential (BPyp) values of 3.9-6.6 with dose-
dependent blockade [14], and appropriate kinetic properties for human imaging [15]. The
radioligand 7-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-2-[18F]-fluorodibenzo[b,d]thiophene 5,5-
dioxide ([*8F]DBT-10) is based on the same dibenzothiophene backbone as [18FJASEM. As
indicated in Figure 1, our group measured higher a7-nAChR in vitro binding affinities for
[18F]DBT-10 (K; = 0.6 vs. 0.84 nM for [18F]ASEM), with significantly greater selectivity
for the a7-nAChR relative to the more abundant a3, (6,200-fold selectivity for
[18F]DBT-10 vs. 750-fold for [L8FJASEM) and other nAChR and 5-hydroxytryptamine
receptor subtypes. Thus, [18F]DBT-10 may have less nonspecific binding than [18FJASEM,
leading to improved imaging properties. We therefore conducted the present studies with the
goal of characterizing the in vivo kinetic properties of [28F]DBT-10 in nonhuman primates.
These studies featured analysis of [18F]DBT-10 in both the arterial plasma and brain tissue,
including full kinetic modeling with the parent arterial input function. Blocking studies with
an a7-nAChR selective ligand were conducted to examine specific binding levels. Finally,
we conducted an ex vivo study to inspect for radiolabeled metabolites in the brain.
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Materials and Methods

Subjects

The subjects for this study were four Maccaca mulatta (2 females, 8-15 years old, 7-10 kg;
2 males, 6-12 years old, 10-14 kg). All experiments followed institutional guidelines and
were approved by the Yale University Institutional Animal Care and Use Committee.

Radiochemistry

[18F]DBT-10 was prepared from its nitro-precursor via nucleophilic displacement, as shown
in Figure 2A. Target-produced [18F]fluoride in [180]water was trapped by an ion-exchange
cartridge and then eluted with a solution of Kryptofix-222/K,CO3 in MeCN/H,0 (1.4 mL).
The [*8F]fluoride was azeotropically dried, and a solution of the nitro-precursor (1-2 mg) in
DMSO (0.2 mL) was then added to the dried [28F]fluoride. The solution was mixed and
heated at 140 °C for 10 min. After cooling, the crude product was diluted with 1.5 mL of the
semi-preparative HPLC mobile phase and loaded onto a C18 HPLC column (Phenomenex
Gemini, 250 x 10 mm, 10 um) eluting with a mixture of 40% MeCN and 60% 0.1%
triethylamine at a flow rate of 5 mL/min. The product fraction, which eluted at 16-18 min,
was collected and diluted in a solution of 200 mg ascorbic acid in 50 mL of deionized water
(DI). The solution was then passed through a Waters Classic C18 SepPak cartridge. The
SepPak was washed with a solution of 10 mg ascorbic acid in 10 mL of DI water and dried
with air. The trapped product was eluted off the SepPak with 1 mL of absolute ethanol
followed by a solution of 3 mg ascorbic acid in 3 mL of saline. The combined eluents were
passed through a 0.22 um Millipore membrane filter into a dose vial containing a solution of
7 mg ascorbic acid in 7 mL of saline and 0.2 mL of 4.2% NaHCOs for final formulation.

Quality control tests were performed by HPLC analysis of the product solution on a
Shimadzu HPLC system equipped with both UV and radioactivity detectors to determine the
chemical purity, radiochemical purity, and specific activity. HPLC conditions consisted of a
YMC C18 column (250 x 4.6 mm, 5 um), with a mobile phase of 45% acetonitrile and 55%
0.1% triethylamine at a flow rate of 2 mL/min. The identity of [18F]DBT-10 product was
confirmed by co-injection of the radiolabeled product solution with an authentic sample of
DBT-10 and detection of co-eluted UV and radioactive peaks on the HPLC chromatogram.

PET Scanning Procedures

A total of seven PET scans were conducted. Four baseline PET scans were acquired, one for
each subject; three were 240 min in duration, while 120 min of PET data were acquired for
the terminal study. Three additional blocking scans were acquired in two subjects, with the
a7-NAChR specific ligand ASEM given less than 30 min prior to [18F]DBT-10 injection,
and PET data were subsequently acquired for 180 min.

On the day of scans, subjects were initially anesthetized with ketamine hydrochloride (10
mg/kg, intramuscular) at least 2 h prior to radiotracer administration. Subjects were then
maintained on oxygen and 1.5-3% isoflurane for the duration of scans. Vital signs were
continuously monitored and recorded, including respiration rate, blood pressure, heart rate,
and temperature. A venous line for radiotracer administration was placed in the saphenous
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vein, with an arterial line for blood sampling inserted in a radial or femoral artery on the
opposite limb.

A Focus 220 PET scanner (Simens/CTI, Knoxville, TN) was used for PET data acquisition,
which has an intrinsic resolution of 1.4 mm at the center of the field of view. A transmission
scan was first acquired using a continuously rotating 137Cs source for 9 min. [18F]DBT-10
was administered as a 167-185 MBq slow bolus injection over 3 min with a Harvard syringe
pump (PHD 22/2000, Harvard Apparatus, Holliston, MA). PET data were then continuously
acquired in list-mode for 120-240 min. Discrete arterial blood samples were acquired
throughout PET scanning, with rapid (45 s) sampling immediately post-injection and
gradually slowing to 30 min sampling at the end of scans.

Arterial Input Function Measurement

Radioactivity assay of arterial blood samples was performed with a cross calibrated well-
type gamma counters (Wizard 1480/2480, Perkin Elmer, Waltham, MA). Whole blood
samples were assayed and centrifuged (2,930 g for 5 min). Supernatant plasma samples were
then collected and assayed for radioactivity. Select plasma samples (drawn at 3, 8, 15, 30,
60, 90, 120, 180, 240 min post-injection) were analyzed with HPLC to measure the
radioligand metabolite profile.

For metabolite analysis, plasma samples were mixed with urea to a final concentration of 8
M and filtered through 1.0 um Whatman 13 mm CD/X filters (GE, Florham Park, NJ).
Samples were then analyzed on an adapted, automatic column-switching HPLC system[16].
Upon injection, samples were first eluted through a hand-packed C18 sorbent capture
column (Strata-X, Phenomenex, Torrance CA) with a mobile phase of 1% MeCN and 99%
H,0 (v:v) at a flow rate of 2 mL/min for 4 min. The capture column was then back-flushed
with a mobile phase of 45% acetonitrile and 55% 20 mM ammonium bicarbonate (v/v)
eluted through a Phenomenex Gemini-NX analytical column (4.6 x 250 mm, 5 ym) at a flow
rate of 1.65 mL/min. The eluent was collected with a fraction collector (CF-1 Fraction
Collector, Spectrum Chromatography, Houston, TX) in discrete 2 min bins and counted with
gamma counters.

The fraction of unmetabolized parent compound was measured as the ratio of the eluted
parent compound, which had a retention time of ~11 min, to the total radioactivity collected.
The time course of this parent fraction was fitted to an inverted gamma function and
corrected for filtration efficiency. Finally, the input function was calculated as the product of
the assayed radioactivity concentration in plasma and the unmetabolized parent fraction.

In addition, the free fraction (fp) was determined from plasma samples with ultrafiltration
techniques. An arterial blood sample (3.0 mL) drawn prior to radiotracer injection was
gently mixed with ~3 kBq of [18F]DBT-10. After partitioning the plasma from red blood
cells via centrifugation, the plasma sample was extracted, loaded onto an ultrafiltration
cartridge (Millipore Centrifree UF devices), and centrifuged at 1,228 g for 20 min. The free
fraction was calculated as the ratio of radioactivity in the ultrafiltrate to the total
radioactivity in the plasma sample. Measurements of fp were performed in triplicate for each
scan.
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Ex Vivo [18F]DBT-10 Study

A male Maccaca mulatta (12 years old, 14 kg) was injected with 183 MBq [18F]DBT-10
intravenously, and PET data were acquired for 120 min. The subject was then sacrificed
under isoflurane anesthesia with a lethal dose of pentobarbital after a final arterial blood
sample was withdrawn. The brain was harvested and dissected, with tissue samples
extracted from frontal cortex, cerebellum, hippocampus, thalamus, and putamen. Tissue
samples were processed using the same procedures described previously [17] and analyzed
with the following HPLC conditions: A mobile phase of 45% acetonitrile and 55% 20 mM
ammonium bicarbonate (v/v) eluted through a Phenomenex Gemini-NX analytical column
(5 um, 4.6 x 250 mm) at a flow rate of 1.65 mL/min (retention time for 18F-DBT-10: ~7
min).

[18F]DBT-10 Blocking Studies with Cold ASEM

Three PET scans introduced blocking doses of the a7-nAChR specific ligand ASEM[14],
administered as a 15 min slow bolus with a syringe pump 17-26 min prior to [\8F]DBT-10
administration, to examine drug occupancy and binding specificity of [}8F]DBT-10 for the
a7-nAChR. Two scans were conducted with the same subject (F, 15 years old, 7 kg) to
examine for dose-dependent blockade of [18F]DBT-10 with ASEM doses of 0.69 and 1.24
mg/kg. A third scan was conducted in a second subject (M, 6 years old, 10 kg) with 1.24
mg/kg ASEM to compare nonspecific [18F]DBT-10 binding across subjects. Data
acquisition, including arterial blood sampling, then continued for 180 min as described
above.

Anatomical MRI Acquisition

High-resolution Tq-weighted images were acquired for image co-registration and region of
interest (ROI) identification. MR data were acquired prior to PET image acquisition with a
Siemens 3T Trio scanner, with an extremity head coil in the coronal direction and the
following spin echo sequence (TE = 3.34 ms, TR = 2530 ms, flip angle = 7°, thickness =
0.50 mm, field-of-view = 140 mm, image matrix = 256 x 256 x 176, voxel size = 0.547 x
0.547 x 0.500 mm). Non-brain structures were removed with FMRIB’s Brain Extraction
Tool (http://www.fmrib.ox.ac.uk/fsI/BET).

Image Data Processing

Raw list-mode PET data were histogrammed (frames of 6 x 0.5 min; 3 x 1 min; 2 x 2 min;
and N x 5 min to scan termination) and reconstructed with Fourier rebinning followed by 2D
filtered back projection, using a 0.15 mm~1 Shepp filter and including corrections for
scanner normalization, detector deadtime, randoms, and radiation scatter and attenuation.
This resulted in a reconstructed image resolution of ~3.2 mm. The PET images were then
registered to MR image space with a 6-parameter rigid body registration[18]. The MR native
space was normalized using nonlinear registration to a high-resolution rhesus monkey
atlas[19] with Biolmage Suite 3.01 (http://www.bioimagesuite.org/index.html). Time-
activity curves were extracted by mapping atlas-defined regions to PET native space using
the optimal transformation matrices calculated in the registration and normalization steps.
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ROIs extracted included caudate, cerebellum, cingulate, frontal cortex, hippocampus,
occipital cortex, pons, putamen, temporal cortex, and thalamus.

[18F]DBT-10 Kinetic Analysis

Results

For all PET scans, the primary outcome measures werethe total volume of distribution [20],
both uncorrected (V) and corrected (V1/fp) by the plasma free fraction. Regional Vt values
were estimated using both one-tissue (L TCM) and two-tissue (2TCM) compartment models
(see [21] for review). Model suitability was compared with the corrected Akaike
Information Criterion (CAIC; [22]). Additionally, the multilinear analysis method (MAL;
[23]) was assessed as a more stable, data-driven analysis method. To visualize [8F]DBT-10
images, MA1 was also used to calculate V1 on the voxel level.

Receptor occupancies of a7-nAChRs by ASEM and [*F]DBT-10 Vyp/fp were calculated
with occupancy plots using the following equation[24]:
-(32)
fp

(), (), 70 ()

All grey matter regions were incorporated into occupancy plots for this analysis, which
assumes uniform a7-nAChR occupancy and non-specific binding (Vyp/fp) in these regions.

BASELINE BLOCK BASELINE

Radiochemistry

As shown in Figure 2, radiosynthesis of [18F]DBT-10 was accomplished by reaction of the
nitro-precursor in DMSO with [18F]KF-Kryptofix 2.2.2 at 140 °C for 10 min (Figure 2 A).
Purification by semi-preparative HPLC (Figure 2B) gave [18F]DBT-10 in >99%
radiochemical and chemical purities (Figure 2C), with specific activities of 369+427 GBq/
umol (n=7) at end of synthesis. The average synthesis time was 80 min. For the in vivo PET
data, specific activities at time of injection were 360+£378 GBg/umol (range 71-1080 GBg/
umol), while the terminal study administered a specific activity of 17 GBg/umol.

[18F]DBT-10 in Arterial Plasma

Analysis of radiolabeled [18F]DBT-10 metabolites in arterial plasma was performed with
HPLC. Radiometabolites appeared to be more polar than [18F]DBT-10 (see Figure 3A). The
rate of [18F]DBT-10 metabolism was variable across subjects. Three subjects exhibited fast
metabolism, such that ~17% parent radioligand remained in the arterial plasma at 120 min
post-injection, while the other subject exhibited ~50% parent fraction (see Figure 3B). The
calculated parent input functions are shown in Figure 3C. The free fraction, fp, of
[18F]DBT-10 at baseline was 18.8+3.4% (n=4). Interestingly, drug blocking of a;-nAChR
increased fp (see occupancy section).
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[18F]DBT-10 ex vivo Brain Metabolite Analysis

HPLC analysis of homogenized brain tissue samples extracted at 120 min after [18F]DBT-10
injection attributed at least 98.8% of radioactivity in brain to [18F]DBT-10. In contrast,
[*8F]DBT-10 accounted for only 12.7% of the radioactivity in arterial blood (Figure 4).

[18F]DBT-10 Brain Tissue Kinetics

Uptake of [18F]DBT-10 in the brain occurred rapidly, peaking at SUVs of 2.9-3.7 within 30
min post-injection and followed by clearance from the brain (see Figure 5). Highest uptake
occurred in the thalamus, and lowest in the regions of cerebellum and pons, with moderate
uptake in all other regions.

Compartment modeling revealed variation among subjects of [8F]DBT-10 kinetic
properties, likely reflecting differences in metabolism of parent compound. The results are
summarized in Table 1. Analysis of the baseline data from two subjects (M1, M3) indicated
good agreement between all modeling methods (1TCM, 2TCM, and MA1 where t*=60
min), with <5% differences in V1 values across methods. In contrast, the third subject’s
baseline scan (M2) yielded high V+ standard errors with the 2TCM (>10%) and poor model
fits with the 1TCM, thus V7 estimates from the MA1 method (t* = 60 min) were used for
this subject. Estimated K; values were consistently fast, averaging 0.64 + 0.12
mL-cm~3-min~1 across regions. Regional V1 values ranged from 28.0-72.7 mL/cm3 for the
three subjects, while the free fraction corrected values (V1/fp) compared extremely well
between subjects, ranging from 193-376 mL/cm?. For subject M1, a V1/fp map was
calculated on a voxel-wise basis to visualize the brain distribution of [18F]DBT-10 uptake,
shown in Figure 6.

Blocking Studies of [18F]DBT-10

Administration of the az-selective ligand ASEM immediately prior to [18F]DBT-10 PET
scans reduced V7 values throughout the brain. Interestingly, the [18F]DBT-10 free fraction
in plasma (fp) increased following cold ASEM blocking, as shown in Table 2. Using the
outcome measure Vr/fp, a dose dependent blocking relationship was observed. Notably, the
rate of [18F]DBT-10 metabolism was not altered by ASEM blocking. Lassen plots of grey
matter regions, shown in Figure 7, yielded good linearity (r2 < 0.9) for scans with high
(~63%) receptor occupancy. ASEM blocked [18F]DBT-10 uptake in a dose-dependent
manner in the same subject (M1), as a dose of 0.69 mg/kg cold ASEM occupied 33% of
receptors while 1.24 mg/kg occupied 64% of receptors. In a second subject (M2), 1.24
mg/kg of ASEM resulted in a similar receptor occupancy of 61%. Averaged across these
three scans, the estimated [18F]DBT-10 Vyp/fp was 20+16 mL/cm3.

Discussion

The in vivo measurement of a7-nAChR binding is a critical goal for investigating
neurochemical substrates of psychiatric disorders and the acetylcholine system’s role in
neuroinflammation. Here, we demonstrate the favorable profile of [18F]DBT-10, including
the absence of radiolabeled metabolites in brain; tissue uptake in brain consistent with the
known distribution of a7-nAChRs in the rhesus monkey; accurate quantification of V1/fp
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with 180 min scans; and dose-dependent blockade of specific binding. Thus this study
demonstrates suitable kinetic properties of [18F]DBT-10 for quantification of a7-nAChRs in
the rhesus monkey.

The radiosynthesis of [18F]DBT-10 was carried out manually. The radiotracer was produced
in >99% radiochemical and chemical purity. Specific activities at time of injection were
438+436 GBg/umol (n=6). There was a single batch of radiotracer yielding a modest
specific activity of 17 GBg/umol, however, this dose was administered in the terminal study
which was precluded from kinetic analysis, as the shortened data acquisition prevented
model convergence during Kinetic analysis.

The analysis of arterial plasma following [18F]DBT-10 administration revealed the
accumulation of two radiolabeled metabolites. The major radiolabeled compound appeared
more hydrophilic than parent [18F]DBT-10, while the minor metabolite species was not
retained on the capture column, indicating high polarity. We speculate the major metabolite
to be 2-18F-fluorodibenzo[b,d]thiophene 5,5-dioxide resulting from the oxidation of parent
[18F]DBT-10, consistent with our previous experience with the diazabicyclononane-
containing a7 NAChR radioligand NS10743 [25]. Ex vivo analysis of brain tissue extracted
120 min after [*8F]DBT-10 administration indicated the presence of exclusively parent
compound. We therefore conclude that the detected radioactivity in brain tissue reflects the
distribution of [18F]DBT-10 and is not contaminated by radiolabeled metabolites entering
the brain.

Uptake of [*8F]DBT-10 into brain occurred quickly and reversibly, as shown in Figure 5.
The distribution of [18F]DBT-10 uptake was generally consistent with known distribution of
a7-NAChRs in the rhesus monkey, as assessed by in vitro [12°I]a-bungarotoxin
autoradiography [25]. One notable exception was in the basal ganglia, where higher in vivo
uptake of [18F]DBT-10 binding was observed relative to cortical structures compared to
[1251]a-bungarotoxin. In addition, the regional rank order of [18F]DBT-10 uptake in rhesus
monkeys appears consistent with that of [18FJASEM in baboons [14]. Displacement of
radiotracer was observed throughout the brain following administration of a7-nAChR
selective ASEM, thus a suitable reference region for simplified [18F]DBT-10 modeling may
not exist in the rhesus monkey. While we observed ASEM-induced decreases in
[18F]DBT-10 uptake in the pons, future work examining the use of alternative white matter
structures for reference region modeling may be merited.

A major factor in data analysis was the dramatic differences in metabolism rates among
subjects. Of the four subjects, three exhibited rapid metabolism such that 18-22%
radioactivity in plasma was parent [18F]DBT-10 at 1 h post-injection, while the subject with
slow metabolism (M2) exhibited 65% parent [18F]DBT-10 remaining at this same time
point. This slow metabolism was replicated in a blocking scan, confirming the different
[18F]DBT-10 kinetics in the blood among the animals. Critically, these differences in subject
metabolism rates still yielded comparable V1/fp values between subjects (<10%),
demonstrating the importance of full kinetic modeling in [18F]DBT-10 quantification. Slow
[18F]DBT-10 metabolism may have influenced modeling of the PET data, as both the 1TCM
and 2TCM analysis yielded large standard errors for parameter estimates. We currently have
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no validated explanation for the difference in [18F]DBT-10 metabolism other than inter-
subject variability. Data from more subjects may be needed to improve characterization of
[18F]DBT-10 metabolism across heterogeneous populations.

Blocking studies with ASEM decreased [18F]DBT-10 V while increasing fp (see Table 2).
The use of V1/fp to estimate [18F]DBT-10 distribution volumes yielded a dose-dependent
decrease in response to ASEM blocking, in good agreement across subjects and between
predicted and measured receptor occupancies. Thus correction for the free fraction of parent
in plasma may be critical for accurate quantification of [18F]DBT-10. The use of V/fp as a
more stable outcome measure than V1 has been previously reported for PET radioligands in
other neurotransmitter systems [26]. Importantly, the [28F]DBT-10 fp values, ranging from
15-22% at baseline, are sufficiently large for reliable measurement, thus the need to correct
for fp should not impede the accurate quantification of [8F]DBT-10 binding.

In our hands, Lassen plots exhibited reasonable linearity; however, the caudate and putamen
regions of the basal ganglia consistently exhibited the greatest deviation from the linearity of
other regions, thus further investigation into the uniformity of nonspecific binding may be
merited. In addition, the V\p/fp values estimated with this method varied substantially. The
nonspecific uptake of [18F]DBT-10 was low, with Viyp/fp of 20+16 mL/cm3. This value
yields BPyp estimates ranging from 11.4 to 20.4 (BPnp = (V1/VaD)-1, unitless).

The chemical structure of [18F]DBT-10 is similar to that of another recently reported a7-
nAChR radiotracer, [18F]JASEM [14, 15]. Given the factor of 5-10 greater receptor density
of a4P,* relative to a7-nAChRs in the rhesus monkey [27], the relative selectivity of a
candidate PET radioligand for these receptors is particularly critical. In vitro data indicated
that [18F]DBT-10 had higher affinity and selectivity for the a7 subunit than [18F]JASEM,
including 3.5 times higher selectivity for the a7-nAChR over the a48,*-nAChR. This
motivated the present study to investigate an a7-nAChR specific radioligand with potentially
less nonspecific binding. Comparing the present data to previously published reports of
[*8F]ASEM, there appear to be similar pharmacokinetic properties between [18F]DBT-10
and [*8F]ASEM, whereas [18F]DBT-10 had specific binding values (BPyp) twice of those
reported for [18FJASEM in baboons and humans [14, 15]. This initial finding supports the
hypothesis that [8F]DBT-10 may have improved in vivo binding specificity for the a7-
nAChR. Given the suitability of [28F]DBT-10 for quantification of a7-nAChRs in the
nonhuman primate, future studies should examine these radiotracers in the same subjects
with the same data processing and analysis techniques to carefully compare their kinetic
profiles.

In conclusion, [*8F]DBT-10 exhibits high levels of reversible specific binding with a kinetic
profile suitable for accurate in vivo quantification of a7-nAChR availability. Future studies
are merited to examine intra-subject variations in metabolism rates and compare with other
a7-NAChR specific radioligands. [18F]DBT-10 therefore may be useful for studying the role
of a7-nAChR in disease-specific paradigms.
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[11C]CHIBA-1001 ['8F]JASEM [SFIDBT-10
Affinity (Ki in nM) % Inhibition
Compound a7’ a2’ asBs’ asP2’ 5-HT,*
[''CIJCHIBA-1001| 160 + 15° NA. NA. NA. 14%
[®FJASEM  |0.84+0.16| 211+ 108 [42.3 + 4.73| 435 + 152 42%
[®FIDBT-10 060+ 044|517 +375 [ 1194290 | 589 + 217 2%

Figure 1.

Chemical structures and in vitro binding profiles of az-specific PET radioligands.
aHuman a7 NAChR in stably transfected SH-SY5Y cells, with [3H]methyllycaconitine as
radioligand. PHuman cusf, and asps NACHR in stably transfected HEK-293 cells, with
[3H]epibatidine as radioligand. °Rat agB,* NAChR obtained from rat striatum by

immunoimmobilization using anti-rag NAChR antibody, with [3H]epibatidine as

radioligand. 9Percentage of inhibition at 0.1 pM concentration of test compound. eTaken
from [28]. fTaken from [29].

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2017 March 01.



1duosnuey Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Hillmer et al.

Page 13

% 0
[N\'\\‘ O S’ K18F /K2.2.2, DMSO [Nﬂ\[\\j ‘S”O
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Figure2.
Radiosynthesis of the a7-specific compound [18F]DBT-10. A. Radiolabeling conditions. B.

Semi-preparative HPLC traces showing purification of [18F]DBT-10, which elutes at ~17
min. C. Analytical HPLC traces from an injection of [18F]DBT-10 product solution. The UV
peak at ~1.4 min is from the presence of ascorbic acid in the product solution.
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Figure 3.

[18F]DBT-10 in the arterial plasma. A. Radio-HPLC traces for subject M1’s baseline scan,
with [18F]DBT-10 at ~11 min and metabolites at ~1 min and ~7 min. B. Measured
[18F]DBT-10 parent fractions for all acquired scans. The three subjects are identified by
separate symbols; M1: o, M2: A,M3:0, M4:x. C. [*8F]DBT-10 input functions for all
baseline scans, in units of SUV (activity normalized by injected dose and subject weight).
The three subjects are identified by separate lines: M1, solid; M2, dashed; M3, dash-dot,
red; M4, dash-dot, black.
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Figure4.
Ex vivo metabolite analysis of [18F]DBT-10 in brain and blood showing typical HPLC

traces of radioactivity from extracted brain tissue (hippocampus) (top), and from an arterial
plasma sample drawn immediately prior to animal sacrifice (bottom). For the plasma
sample, t=0 represents the beginning of back-flush from the capture column.
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['®F]DBT-10 Time-Activity Curves
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O Hippocampus
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Figureb5.
[18F]DBT-10 time activity curves. Values are expressed in SUV (radioactivity

concentration/i.d. x weight x 1,000). Open symbols are the measured concentrations, while
solid lines show the preferred 2TCM fit. Regions shown include thalamus (aA), frontal cortex
(O), hippocampus (O), occipital cortex (<), and cerebellum (V).
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Figure®6.
[18F]DBT-10 uptake in the brain of a rhesus monkey. Top: images of [18F]DBT-10 V1/fp

calculated on a voxel-wise basis using MA1 (t* = 60 min); Bottom: corresponding MRI
images with red crosshairs for orientation.
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Figure?7.

[18F]DBT-10 Lassen plots with cold ASEM blocking. Optimal linear fit r2 and parameters
are shown, where the slope represents fractional occupancy and x-intercept corresponds to
Vnp/fp. ASEM dose-dependently blocked [28F]DBT-10 binding. The blocking drug ASEM
was administered in doses of 0.69 mg/kg (@) and 1.24 mg/kg (a) for M1 and 1.24 mg/kg
(O) for M2.
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