
Radiosynthesis, In Vitro and In Vivo Evaluation of [18F]CBD-2115 as a
First-in-Class Radiotracer for Imaging 4R-Tauopathies
Anton Lindberg, Ashley C. Knight, Daniel Sohn, Laszlo Rakos, Junchao Tong, April Radelet,
N. Scott Mason, Jeffrey S. Stehouwer, Brian J. Lopresti, William E. Klunk, Johan Sandell,
Alexander Sandberg, Per Hammarström, Samuel Svensson,* Chester A. Mathis,* and Neil Vasdev*

Cite This: ACS Chem. Neurosci. 2021, 12, 596−602 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: CBD-2115 was selected from a library of 148 compounds based on a pyridinyl-indole
scaffold as a first-in-class 4R-tau radiotracer. In vitro binding assays showed [3H]CBD-2115 had a KD
value of 6.9 nM and a nominal Bmax of 500 nM in 4R-tau expressing P301L transgenic mouse tissue. In
binding assays with human brain tissue homogenates, [3H]CBD-2115 has a higher affinity (4.9 nM) for
progressive supranuclear palsy specific 4R-tau deposits than [3H]flortaucipir (45 nM) or [3H]MK-6240
(>50 nM). [18F]CBD-2115 was reliably synthesized (3−11% radiochemical yield with molar activity of
27−111 GBq/μmol and >97% radiochemical purity). Dynamic PET imaging was conducted in mice,
rats, and nonhuman primates, and all species showed initial brain uptake of 0.5−0.65 standardized
uptake value with fast clearance from normal tissues. [3H]CBD-2115 could be a useful lead radioligand
for further research in 4R-tauopathies, and PET radiotracer development will focus on improving brain
uptake and binding affinity.
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Human tau exists in six isoforms varying in size from 352
to 441 amino acids that are distinguished by the number

of inserts at the N-terminus (0N, 1N, or 2N) as well as the
number of repeated microtubule binding domains (3R or 4R)
at the C-terminus.1 Tau is naturally without any specific
secondary or tertiary structures, but it can take on multiple
folded conformations after hyperphosphorylation.2 Hyper-
phosphorylation and truncation of the native tau protein are
important steps in early tauopathy.3

Development of biomarkers to assess the accumulation of
tau protein in the living human brain is crucial to better
understand the pathophysiology of non-Alzheimer’s Disease
(non-AD) tauopathies such as chronic traumatic encephalop-
athy (CTE),4 Pick’s disease (PiD),5 progressive supranuclear
palsy (PSP),6 and corticobasal degeneration (CBD).7 Such
biomarkers will aid definitive diagnosis and confirm target
engagement as well as dosing regimens of new therapies. While
tau aggregation in PiD is considered to be primarily composed
of 3R-tau, PSP and CBD aggregates are primarily 4R-tau, and
AD and CTE aggregates are composed of a mixture of both
3R- and 4R-tau.8

Major progress has been made toward development of
positron emission tomography (PET) biomarkers for AD.
While [11C]PiB and the three U.S. Food and Drug
Administration approved amyloid-β plaque PET radiopharma-
ceuticals ([18F]Amyvid, [18F]Neuraceq, and [18F]Vizamyl)
have become available over the past decade for widespread
imaging of amyloid plaques in AD,9−12 first generation, and

second generation AD tau-PET tracers are still emerging
(Figure 1).13

Development of 4R-tau selective PET imaging agents is
among the biggest challenges in PSP and CBD research.14−16

These imaging agents are needed to guide multicenter trials
(e.g., 4-Repeat Tauopathy Neuroimaging Initiative and
Alzheimer’s disease Neuroimaging Initiative) and patient
selection for trials and drug development.17−20 Preliminary
imaging studies have been carried out in PSP patients with
[18F]PI-262021 and [18F]PM-PBB3 (also known as APN-
1607)22 (Figure 1).
A recent patent by CBD Solutions disclosed 148 compounds

with the objective to develop a non-AD tau ligand based on a
novel 2-(6-(piperidin-1-yl)pyridin-3-yl)-1H-indole structural
scaffold (WO 2019/1917502 A1).23 Compounds were
designed according to established characteristics for a central
nervous system (CNS) PET tracer24 as well as affinity and
selectivity toward 4R-tau. In the present study, the lead
candidate, CBD-2115 (Figure 1F), was radiolabeled with 3H
for in vitro evaluation in a transgenic mouse model (P301L) as
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well as in human brain tissues (AD, PSP and CBD) for
comparison with first and second generation radiotracers
developed for tau-PET imaging in AD: [18F]flortaucipir and
[18F]MK-6240, respectively (Figure 1 and Table 1).
[18F]CBD-2115 was synthesized and evaluated in vivo with
PET imaging in rodents (mouse and rat) and nonhuman
primates.

■ RESULTS AND DISCUSSION
Pharmacological properties of CBD-2115 were promising for a
CNS PET tracer. The in vivo stability of CBD-2115 was
evaluated in liver microsomes of human (8.56 mL/min/kg)
and rat (63.84 mL/min/kg). The efflux ratio measured in
MDR1-MDCK cells determined that P-glycoprotein does not
actively transport CBD-2115 (B-A/A-B ratios of 0.98 (Table
S2). Free fraction in blood plasma was measured in both
human (2.70%) and rat (2.85%). The CNS multiparameter
optimization (MPO) desirability score25 was calculated as
4.63. Scores over 4.0 (maximum 6.0) are considered good
candidates for CNS drugs. CBD-2115 was screened for off-
target selectivity (Eurofins, Kalamazoo, MI) toward 93 CNS
receptors and enzymes, including MAO-A and MAO-B, with
corresponding specific radioligands at a concentration of 1.0
μM. Results showed specific interaction of CBD-2115 with one
target, the melatonin binding site (MT3(ML2)) on quinone
dehydrogenase 2 (Table S1). Binding to MT3(ML2) is
common among tau ligands, but expression in brain for

MT3(ML2) does not overlap with regions of interest (ROI)
for non-AD tauopathies.

3H-labeled CBD-2115 was used in autoradiography experi-
ments with cortical tissue from CBD and PSP patients, and the
tau specific antibody AT-8 confirmed the presence of tau
filaments in the postmortem tissue.26

Through in vitro binding analyses, [3H]CBD-2115 was
compared to tau PET tracers optimized for AD, [3H]MK-6240
and [3H]flortaucipir, in postmortem tissue homogenates from
brains with neuropathologically confirmed diagnoses of AD,
PSP, and CBD. As anticipated, [3H]MK-6240 followed by
[3H]flortaucipir were more potent than [3H]CBD-2115 in AD
tissue (Table 1). Promising data were revealed with [3H]CBD-
2115 as the most potent radiotracer for 4R-tauopathies in CBD
(KD 27 ± 1 nM) and PSP (KD 4.9 ± 0.2 nM) tissues.
[3H]CBD-2115 was evaluated in P301L transgenic mice

with histologically confirmed 4R-tau aggregate expression
(Figure 2). The measured KD value of 6.9 nM was consistent
with the human PSP tissue data, and had a nominal Bmax of 500
nM.
The results from Scatchard analysis of in vitro binding assays

with [3H]CBD-2115 indicate that this compound shows
similar affinity for tau aggregates in human AD and PSP
cases. High [3H]CBD-2115 binding affinity was likewise
observed in 4R-tau expressing P301L transgenic mouse brain
tissues and this compound should prove to be a useful lead
radioligand for further research in 4R-tauopathies.

■ RADIOCHEMISTRY

Protecting alcohols is a common strategy for radiofluorination
as it reduces byproducts from reaction with [18F]fluoride. As
CBD-2115 contains two such hydroxyl-groups, a two-step
labeling sequence was initially explored with a precursor
bearing methoxyethoxymethyl (MEM) protecting groups on
both hydroxyl-groups and a tert-butyloxycarbonyl (BOC)
protecting group on the indole nitrogen. This approach

Figure 1. Tau PET radiotracers divided into structural scaffolds. (A) Compounds based on the carbazole scaffold of [18F]flortaucipir (also known
as [18F]T807 or [ 18F]AV-1451). (B) PBB3 benzothiazole-butadienes. (C) Other compounds: Janssen’s napthalene-pyridine linked scaffolds,
[18F]MK-6240 and [18F]FDDNP. (D) THK series of pyridinyl-quinoline ethers. (E) Lansoprazole isotopologues. (F) [18F]CBD-2115.

Table 1. Comparison of Tau Radiotracers in Postmortem
Tissues

sample tissue [3H]MK-6240 [3H]flortaucipir [3H]CBD-2115

AD KD (nM) 0.57 ± 0.33 1.9 ± 0.5 5.5 ± 1.9
PSP KD (nM) >50 45 ± 4 4.9 ± 0.2
CBD KD (nM) >50 33 ± 2 27 ± 1
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resulted in a 70% radiochemical conversion to the MEM and
N-BOC-protected intermediate using K2CO3 and Krypto-
fix2.2.2 in DMSO at 160 °C. However, the resulting
intermediate proved unstable to deprotecting conditions with
acids, despite several attempts using trifluoroacetic acid, acetic
acid, HCl, and the Lewis acid ZnCl2 and varying temperatures
between ambient and 150 °C. Alternative conditions tolerated
by the molecule were too weak for removal of the MEM
groups in our hands. Subsequent attempts to radiolabel a
precursor with only the BOC protecting group on the indole
nitrogen and unprotected hydroxyl-groups using identical
radiofluorination conditions, followed by a removal of the
BOC protecting group in methanol at 130 °C were successful.
While this method significantly reduced the radiochemical
conversion of the first step (∼10−15%), the intermediate
could be deprotected without degradation of the molecule to
yield [18F]CBD-2115, and formulated for in vivo studies.
[18F]CBD-2115 was reliably produced at two sites (Toronto
and Pittsburgh) with high radiochemical purity (RCP) of 97−
98% and was suitable for PET imaging studies in mice, rats,
and nonhuman primates. The radiosyntheses yielded molar
activity values (Am) of 27.3 ± 6.2 GBq/μmol and radio-
chemical yields (RCY) of 10.7 ± 3.5% (n = 3) (CAMH,
Toronto), Am of 111 GBq/μmol (n = 3), and RCY of 2.8 ±
1.5% (University of Pittsburgh, PA) (Scheme 1).

■ PET IMAGING IN RODENTS
Dynamic PET imaging was performed in three wild-type (wt)
male mice. Following bolus intravenous (i.v.) administration of

[18F]CBD-2115 (9.1 ± 1.1 MBq), radioactivity reached a
maximum of 0.66 standardized uptake value (SUV) in whole
brain and decreased to below 0.1 SUV after 30 min (Figure 3A
and B). Although in vitro assays suggested that [18F]CBD-2115
would be a useful PET radiotracer in mice, in vivo brain uptake
is lower than what would be ideal for CNS applications (peak
> 1 SUV). We further tested for a potential species difference
in normal rats. Following i.v. administration of [18F]CBD-2115
in two healthy rats (male and female, 15.5 and 16.5 MBq,
respectively), radioactivity reached a maximum of 0.5 SUV in
whole brain and decreased to below 0.1 SUV after 30 min
(Figure 3C and D). Therefore, PET studies in rats and mice
showed similar results with low initial brain uptake and
moderate but steady washout. The lack of retention of
radioactivity beyond 30 min was expected in healthy animals
without specific 4R-tau inclusions in brain and suggest that
there is little if any off-target binding in vivo. This is consistent
with in vitro binding assays performed by Eurofins, in that
CBD-2115 has no significant affinity for any of the 93 proteins
evaluated including MAO-A and MAO-B, both of which have
caused undesired off-target binding in some tau PET
radiotracers.

■ PET IMAGING IN NONHUMAN PRIMATE (NHP)
To further explore this tracer in a higher species, one rhesus
monkey was used in a baseline dynamic PET imaging study.
Following i.v. administration of 185 MBq [18F]CBD-2115,
activity reached a peak of 0.65 SUV within the first 2 min and
decreased to below 0.2 SUV after 25 min and remained below
0.2 SUV for the remainder of the 90 min scan (Figure 3E and
F). Throughout the PET measurement, blood samples were
collected for radiometabolite analysis. The fraction of

Figure 2. Scatchard plot of [3H]CBD-2115 in P301L mouse tissue.
[3H]CBD-2115 has a measured KD of 6.9 nM.

Scheme 1. Radiosynthesis of [18F]CBD-2115a

aConditions: (1) [18F]F−, K2CO3, Kryptofix2.2.2., DMSO, 140-
160°C, 20-30 min. (2) Methanol, 130°C, 20 min.

Figure 3. Time−activity curves (TACs) and PET summation images
from PET measurements using [18F]CBD-2115. (A) Whole brain
TAC in mouse, (B) PET summation image (0−60 min) in mouse,
(C) whole brain TAC in rat, (D) PET summation image (0−120
min) in rat, (E) whole brain TAC in NHP, and (F) PET summation
image (0−90 min) in NHP.
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unmetabolized parent was 45% at 10 min and decreased below
20% after 30 min (Figure S1 and Table S3). The radio-
metabolite analysis revealed only one polar species that was
rapidly formed and is unlikely to interfere with PET imaging of
the CNS.
The results of PET measurements in NHP brain follows the

results in rodents closely, and all species showed initially low
brain uptake followed by rapid clearance. This likely precludes
the use of [18F]CBD-2115 for further translation as an imaging
agent for tau in human brain.

■ LIPOPHILICITY AND CNS MPO

The experimentally measured lipophilicity of [18F]CBD-2115,
logD7.4 was determined to be 2.99 ± 0.15 in 1-octanol using
the shake-flask method.27 This value is lower than the
calculated logD value from ACD/I-lab of 3.45 and is within
the range normally considered acceptable for a CNS PET
radioligand.24 Evaluating the low brain uptake of [18F]CBD-
2115 in PET measurements using CNS MPO desirability
scoring allowed for identifying potential issues that can be
amended to improve brain uptake for future analogues from
this new structural scaffold.25 Using ACD/I-Lab predicted
physiochemical properties along with the experimentally
measured values of logD7.4 of CBD-2115 yielded a CNS
MPO desirability score of 4.63.25 While the overall score is
comparable to many functional CNS PET radiotracers, a
potential issue regarding hydrogen bond donors was identified,
where CBD-2115 only scored 0.167 out of a possible 1.000,
and this may offer a parameter for improvement.
[18F]CBD-2115 represents a new structural class of potential

tau PET tracers with low off-target interaction exhibited in a
broad CNS target screening assay. While binding selectivity for
4R-tau over 3R-tau and mixed 3R/4R-tau would be advanta-
geous, a radioligand with high affinity to more than one type of
tau aggregate would be useful in imaging more than one
tauopathy type. The KD of CBD-2115 for 4R-tau aggregates
likely will need to be less than 1 nM to provide sufficient
persistent imaging signal in non-AD tauopathy cases which
typically have relatively low tau aggregate densities in the brain.
Evaluation of [18F]CBD-2115 in rodents and NHP showed
that brain uptake was less than desirable (2−5 SUV at early
times) and will need to be increased. Further work is ongoing
to develop new analogues of [18F]CBD-2115 with improved
affinity to 4R-tau aggregates as well as higher brain uptake and
will prioritize compounds with fewer hydrogen bond donors.

■ METHODS
Radiochemistry. [3H]CBD-2115. Calcium carbonate (2.6 mg, 26

μmol) was added to an ice slurry of NaBT4 (1.7 mg, 45 μmol) in
ethanol (300 μL) and tetrahydrofuran (THF; 300 μL). The mixture
was stirred at 0 °C for 30 min. A solution of 1-(6-fluoro-5-(5-hydroxy-
1H-indol-2-yl)pyridin-2-yl)piperidine-4-carbaldehyde (1.7 mg, 4.4
μmol) in THF (300 μL) was added, and the mixture was stirred
for 2 h at 0 °C and then at ambient temperature for 2 h. Water was
then added (500 μL), and the mixture was purified on reverse phase
HPLC. The eluant was evaporated, and the residue was diluted in
ethanol to afford 55 MBq of [3H]CBD-2115. MS m/z M + H (major
peak) 342 (32%), 344 (48%), 346 (20%).
[18F]CBD-2115 (CAMH, Toronto). No-carrier-added [18F]F− was

produced via the 18O(p,n)18F reaction (Scanditronix MC-17 cyclo-
tron) and transferred in [18O]water to a automated radio-synthesizer
(GE Tracerlab FX2N) in a lead shielded hotcell. The [18F]F− was
trapped on a PS-HCO3 ion exchange column (Chromafix) before
being eluted with K2CO3 (1.37 mg, 10 μmol) and Kryptofix2.2.2 (14

mg, 5 μmol) in water/methanol (10/90, 1 mL) into the reaction
vessel. Solvents were evaporated under vacuum and subsequently
azeotropically dried with acetonitrile (1 mL) under continuous
nitrogen flow. The precursor, tert-butyl 5-hydroxy-2-(6-(4-
(hydroxymethyl)piperidin-1-yl)-2-nitropyridin-3-yl)-1H-indole-1-car-
boxylate (1.5 mg, 3.2 μmol), in DMSO (1 mL) was added, and the
reactor was heated to 160 °C for 20 min. The reactor was cooled
down to 70 °C, and methanol (1 mL) was added before heating to
130 °C for 20 min. The reactor was then cooled to 70 °C, and the
reaction mixture was diluted with acetonitrile/water (20:80) before
being injected onto a reverse phase HPLC column (Luna 10 μm
C18(2) 100 Å, 250 mm × 10 mm, Phenomenex). The desired
product was eluted with a mobile phase of acetonitrile-NH4CO2Haq
(0.05 M) (37/63, v/v) at a flow rate of 5 mL/min. The retention time
of [18F]CBD-2115 was 10−13 min. The collected fraction was diluted
with water (30 mL) and loaded onto a solid phase extraction (SPE)
column (SepPak tC18, Waters). The SPE column was washed with
water (10 mL) before [18F]CBD-2115 was eluted by ethanol (1 mL)
and mixed with sterile saline (9 mL). The purity and Am were
determined by reverse-phase HPLC (Alltima C18, 4.6 × 250 mm, 5
μm, HiChrom), and the sample was eluted with acetonitrile−
NH4CO2H (0.05 M) (40/60, v/v) at a flow rate of 3 mL/min
(retention time = 5 min). Radiochemical identity was confirmed by
coinjection of authentic standard with sample of final product
formulation.

[18F]CBD-2115 (University of Pittsburgh). No-carrier-added
[18F]F− was produced via the 18O(p,n)18F reaction (Siemens Eclipse
HP cyclotron) and transferred in [18O]water to a lead shielded
hotcell. The [18F]F− was trapped on QMA light SepPak (Waters)
conditioned with 10 mL of 0.1 M aqueous sodium bicarbonate
followed by 10 mL of Milli-Q water), before being eluted with K2CO3
(1.67 mg, 3.3 μmol) and Kryptofix2.2.2 (4.2 mg, 1.5 μmol) in
acetonitrile/water (83:17, 1 mL) into the reaction vessel. Solvents
were evaporated under argon flow at 110 °C. The residue was then
azeotropically dried with acetonitrile (2 × 1 mL) to provide
[18F]fluoride. The precursor, tert-butyl 5-hydroxy-2-(6-(4-
(hydroxymethyl)piperidin-1-yl)-2-nitropyridin-3-yl)-1H-indole-1-car-
boxylate (5.0 mg, 10.6 μmol) in DMSO (1 mL) was added, and the
reaction vessel was heated to 140 °C for 30 min. The reaction vessel
was cooled down to 70 °C, and methanol (1 mL) was added before
being heated to 130 °C for 20 min. The reaction vessel was then
cooled to 70 °C, and the reaction mixture was diluted with water
before being injected onto a reverse phase HPLC column (Luna 10
μm C18(2) 100 Å, 250 mm × 10 mm, Phenomenex). The desired
product was eluted with a mobile phase of acetonitrile−NH4CO2Haq
(10 mM) (37/63, v/v) at a flow rate of 2 mL/min (0−5 min) and
then 8 mL/min for the remainder of purification. The retention time
of [18F]CBD-2115 was 10−13 min. The collected fraction was diluted
with water (50 mL), and the solution was transferred across a SPE
column (SepPak tC18, Waters). The SPE column was washed with
water (10 mL) before [18F]CBD-2115 was eluted by ethanol (1 mL)
and mixed with sterile saline (9 mL). The purity and Am were
determined by reverse-phase HPLC (4.6 × 250 mm, 5 μm, Luna
C18(2), 5 μm) using a gradient (Solvent A: 10 mM ammonium
formate; Solvent B: acetonitrile, 25−60% Solvent B over 20 min at a
flow rate of 2 mL/min). Radiochemical identity was confirmed by co-
injection of authentic standard with sample of final product
formulation. The endotoxin level of the final formulation was <2.00
EU/mL (Charles Rivers Endosafe), and the administered mass was
<1.0 μg in the nonhuman primate study.

Binding Studies with Brain Homogenates. Binding to brain
homogenates for determination of Kd and Bmax was performed with
slight modifications of a procedure previously described in detail.28

Briefly, frozen aliquots (−80 °C) of homogenized cortex (10 mg/mL
in PBS) from AD, PSP, and CBD brains were thawed and diluted 10-
fold in PBS (pH = 7.0) to 1 mg/mL. The unlabeled test compound
(e.g., CBD-2115) was dissolved in DMSO at 400 μM and then
diluted to 20 μM with PBS to yield 5% DMSO/PBS. The remaining
serial dilutions (typically from 6 μM to 4 nM) were made with 5%
DMSO/PBS to maintain a constant DMSO concentration in the final

ACS Chemical Neuroscience pubs.acs.org/chemneuro Letter

https://dx.doi.org/10.1021/acschemneuro.0c00801
ACS Chem. Neurosci. 2021, 12, 596−602

599

http://pubs.acs.org/doi/suppl/10.1021/acschemneuro.0c00801/suppl_file/cn0c00801_si_001.pdf
pubs.acs.org/chemneuro?ref=pdf
https://dx.doi.org/10.1021/acschemneuro.0c00801?ref=pdf


assay. A volume of 50 μL of these solutions was combined with 50 μL
of [3H]CBD-2115 and 800 μL of PBS to yield 0.25% DMSO, ∼1 nM
tritiated compound, and 0.2−1000 nM unlabeled compound in the
final assay. The assay began by addition of 100 μL of the 1 mg/mL
brain homogenate to achieve a final concentration of 100 μg tissue/
mL. After incubation for 60 min at room temperature, the binding
mixture was filtered through a Whatman GF/B glass filter via a
Brandel M-24R cell harvester (Gaithersburg, MD) and rapidly washed
three times with 3 mL of PBS. The filters were counted in Cytoscint-
ES after thorough vortexing and were stored overnight. All assays
were performed at least in triplicate. The concentration of bound
compound was determined from the radioactivity retained on the
filter after correcting for the nondisplaceable radioactivity (defined as
that remaining with ∼1 μM unlabeled compound) and the specific
activity of the tritiated compound after dilution with varying
concentrations of unlabeled compound.
PET Imaging. Animal studies were carried out in accordance with

the guidelines put forth by the institutional animal care and use
committees at CAMH (mouse and rat studies) and the University of
Pittsburgh (NHP study). Three healthy adult male mice (C57BL/6,
7.5-month old, 29−32 g) underwent 60 min dynamic PET imaging
following bolus injection of [18F]CBD-2115 (9.1 ± 1.1 MBq, AM = 18
± 10 GBq/μmol). Two healthy Sprague−Dawley rats (male, 358 g;
and female, 241 g; 3 months old) underwent 120 min dynamic PET
imaging following the injection of [18F]CBD-2115 (15.5 and 16.5
MBq; Am = 19 and 8 GBq/μmol, respectively). PET images were
acquired using a nanoScan PET/MRI (3T) scanner (Mediso,
Budapest, Hungary). The acquired list-mode data were sorted into
33 frames (mice, 3 × 5 s, 3 × 15 s, 3 × 20 s, 7 × 60 s, and 17 × 180 s)
or 39 frames (rats, 3 × 5 s, 3 × 15 s, 3 × 20 s, 7 × 60 s, 17 × 180 s,
and 6 × 600 s) and binned into 3D true sinograms (ring difference:
84). The 3D sinograms were converted to 2D sinograms using
Fourier-rebinning and reconstructed using a 2D−filtered back
projection (FBKP) with a Hann filter at a cutoff of 0.50 cm−1. A
static image of the complete emission acquisition was reconstructed
with the manufacturer’s proprietary iterative 3D algorithm (6 subsets,
4 iterations). All image data were corrected for detector geometry and
efficiencies, dead-time and decay corrected to the start of acquisition,
without corrections for attenuation or scatter. Image analyses and
extraction of brain TACs from the dynamic FBKP images were
performed using VivoQuant (4.0 patch1, Invicro) with standard MR
brain templates and atlases for rat and mice.29,30 SUV was calculated
by normalizing regional radioactivity for injected radioactivity and
body weight of the animal.
NHP (Macaca mulatta) imaging was performed on a Siemens

Biograph mCT scanner. Prior to anesthetic induction, the monkey
was sedated with ketamine (15 mg/kg, i.m.) and glycopyrrolate (0.01
mg/kg, i.m.) to control salivation and then intubated and
administered isoflurane anesthesia (0.5−2.0% MAC) in a 40%
mixture of oxygen/medical air. Vital signs, including pulse oximetry,
blood pressure, respiratory rate, and end-tidal CO2, were monitored
throughout the study. Two intravenous catheters were placed in right
and left saphenous veins, one for radiopharmaceutical injection and
fluid replacement and the second for blood sampling.
A low-dose CT scout scan was performed to facilitate positioning

the animal such that the brain was in the central ∼10 cm of the axial
and transaxial scanner field-of-view where peak sensitivity and
resolution are realized. Once positioned, a low-dose helical CT scan
(∼16 mrem) was acquired for attenuation correction of PET emission
data. Following the CT scan, 5 mCi (185 MBq) of [18F]CBD-2115
was injected i.v. as a slow bolus (∼20 s) followed immediately by a
saline flush (∼10 mL). PET emission data were collected over a
period of 90 min in a dynamic series of 27 frames of increasing length
(20−600 s). Venous blood samples (∼3 mL) were collected at five
time points after injection (2′, 10′, 30′, 45′, and 90′) and analyzed by
radio-HPLC to characterize the radiolabeled metabolites of
[18F]CBD-2115 and determine the time-varying fraction of
unmetabolized [18F]CBD-2115. PET emission data were recon-
structed using filtered backprojection with Fourier rebinning, and
standard data corrections were applied, including those accounting for

physical decay of the radionuclide, photon attenuation, scatter,
electronics dead-time, and the quantitative calibration of arbitrary
image units (cps/voxel) to absolute units of radioactivity concen-
tration (Bq/mL). A time−activity curve expressed in units of SUV
was determined by sampling of the calibrated dynamic image data set
using a whole brain region-of-interest defined using PMOD software
(v4.0, PMOD Technologies, Zurich, Switzerland).
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