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Abstract
Introduction—The utility of [18F]FPBM (2-(2′-((dimethylamino)methyl)-4′-(3-[18F]-
fluoropropoxy)phenylthio)benzenamine), a selective serotonin transporter (SERT) tracer, and
[18F]AV-133 ((+)-2-Hydroxy-3-isobutyl-9-(3-fluoropropoxy)-10-methoxy-1,2,3,4,6,7-
hexahydro-11bH-benzo[a]quinolizine), a selective vesicular monoamine transporter 2 (VMAT2)
tracer, were tested in the 6-hydroxydopamine (6-OHDA) unilateral lesioned rat model.

Methods—PET imaging of three 6-OHDA unilateral lesioned male Sprague Dawley rats (rats
#1-3) were performed with [18F]FPBM and [18F]AV-133 to examine whether changes in SERT
and VMAT2 binding, respectively, could be detected in the brain. The brains of the three rats were
then removed and examined by in vitro autoradiography with [18F]FPBM and the dopamine
transporter ligand, [125I]IPT, for confirmation.

Results—PET image analysis showed varying levels of SERT binding reduction (rat #1 = −11%,
rat #2 = −4%, rat #3 = −43%; n = 2) and a clear and definitive loss of VMAT2 binding (rat #1 =
−87%, rat #2 = −72%, and rat #3 = −91%; n = 1) in the left striatum when compared to the right
(non-lesioned side) striatum. The results from PET imaging were corroborated with quantitative in
vitro autoradiography. Rats treated with a selective serotonin toxin (PCA, p-chloroamphetamine)
showed a significant reduction of uptake in the cortex and hypothalamus regions of the brain.

Conclusion—The preliminary data suggest that [18F]FPBM and [18F]AV-133 may be useful for
the examination of serotonergic and dopaminergic neuron integrity, respectively, in the living
brain.
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1. Introduction
The serotonin transporter (SERT) in the brain is a major target for drug therapy against
depression as well as other psychiatric disorders [1-4]. Selective serotonin reuptake
inhibitors (SSRIs), which bind to and inhibit the transporter [5], are regularly prescribed for
the treatment of depression. SERT imaging may then be useful for monitoring
antidepressant drug occupancy and in turn, optimizing drug therapy [6-8]. Furthermore, due
to SERT’s location on the serotoneric neuron, this transporter can be used as a marker for
examining serotonergic neuron integrity. Thus, SERT imaging can be employed in the
pathophysiological study of neurodegenerative diseases that involve the serotonergic system
such as Alzheimer’s and Parkinson’s disease [9-12].

Though Parkinson’s disease is mainly associated with the loss of dopaminergic neurons,
changes in the serotonergic system have been reported as well. Human patients with
Parkinson’s disease exhibit a decrease in SERT binding in the striatum and other areas as
shown through in vivo positron emission tomography (PET) and single photon emission
computed tomography (SPECT) imaging studies with [11C]DASB, [11C](+)McN5652, and
[123I]ß-CIT [9,10,13,14]. Patients also display a loss of serotonin, serotonin metabolite (5-
HIAA), and serotonergic neurons as determined through post-mortem studies [15,16]. If
characteristic neurological changes are known, SERT imaging may be developed as a non-
invasive, early diagnostic tool. Catching this, as of yet, incurable disease at an early stage
would afford patients a window of time to acquire treatment aimed at slowing the
progression of the disease.

Significant efforts have been made to develop a suitable 18F labeled SERT radiotracer for
PET [17-22], but there has been limited success in the past and currently there is still no
such FDA approved radiotracer. Using the longer lived 18F isotope (t1/2 = 110 min)
compared to the shorter lived 11C isotope (t1/2 = 20 min) would allow medical centers,
lacking the necessary radiochemistry facilities for their own production of the radiotracer to
have access to the radiotracer from off-site commercial sources. Recently, a new promising
SERT radiotracer, [18F]FPBM (Fig 1), has been shown to possess high affinity (Ki = 0.38
nM), good selectivity, high brain uptake (0.99 % dose/g at 2 min post-injection), and an
excellent target to non-target ratio (7.7 at 120 min post-injection) through in vitro binding
assays, in vivo biodistribution, ex vivo autoradiography, and PET imaging studies in normal
rats [23-25]. This compound was also amenable to simple radiosynthesis with relatively
good radiochemical yields, good specific activity, and high radiochemical purity [23-25].
With these promising results, further studies were performed with [18F]FPBM in a rat model
of Parkinson’s disease induced by a 6-hydroxydopamine (6-OHDA) unilateral lesion of the
nigrostriatal pathway. An additional selective serotonin neuron toxin, p-chloroamphetamine
(PCA), treated rat model was also used to test the selectivity of [18F]FPBM uptake in the rat
brain.

The goal of this study was to determine whether using the new radiotracer, [18F]-FPBM,
could detect changes in SERT binding in an in vivo model of a disease known to involve the
serotonergic system. The unilaterally lesioned Parkinson’s rat model was chosen because in
addition to the loss of dopaminergic innervation, immunohistochemical studies have shown
that a reduction in striatal serotonin innervation also occurred in the lesioned side of young
adult rats that were injected with 6-OHDA in the left nigrostriatal bundle [26]. Though it has
been reported that an intraventricular or intracisternal 6-OHDA injection causes serotonergic
hyperinnervation of the neostriatum, this was only seen in neonatal rats and not in adult rats
[27-30]. Furthermore, this model was selected because it allows for comparison between a
“disease” (left striatum) and control (right striatum) condition within the same animal.
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Examination was focused on the striatum because it is a sufficiently large, paired region that
allows for easy visualization through small animal PET.

In addition to these [18F]FPBM studies, PET imaging studies with the vesicular monoamine
transporter 2 (VMAT2)-selective ligand, [18F]AV-133, were performed. [18F]AV-133 has
been previously characterized through in vitro binding assays using mouse striatal
homogenates, in vivo biodistribution studies in normal mice and 6-OHDA unilaterally
lesioned mice, ex vivo autoradiography in mice, and pharmacokinetic studies in rat and
monkey brains [31-33]. In the brain, VMAT2 is often referred to as the “gold standard” of
dopaminergic neuron markers [34]. This is due to the fact that, in the striatum, most
VMAT2 are localized on dopaminergic nerve terminals and they are resistant to drug-
compensatory regulation. [11C]DTBZ is a commonly used VMAT2-selective ligand that has
been used for examining dopaminergic neuron integrity. [18F]AV-133 has also been
evaluated as a VMAT2 radiotracer for beta-cell mass in the pancreas [35]. VMAT2 binding
sites are highly expressed in the islets of Langerhans [36,37]. Thus, PET imaging with
[18F]AV-133 was used to confirm whether the 6-OHDA lesions in these rats were
successful. At the same time, these imaging studies serve as a comparison of [18F]AV-133
and [18F]FPBM as 18F labeled radiotracers for imaging the brain.

Reported herein are the results on comparison of studies of the SERT-selective [18F]FPBM
and VMAT2-selective [18F]AV-133 radiotracers in a rat model of Parkinson’s Disease.

2. Materials and Methods
2.1 General

Three young adult, male Sprague-Dawley rats (310-330 g) lesioned unilaterally in the
nigrostriatal pathway (coordinates from Bregma: AP-4.3, ML +1.2, DV −8.3) with 6-OHDA
were obtained commercially from Taconic Farms, Inc. (Hudson, NY). The company verified
the success of the lesion by evaluating the rat’s response to a subcutaneous injection of
apomorphine (0.05 mg/kg) 21 days post-lesion. Only rats with a total of 180 rotations/30
min or multiple 5 min periods of ≥ 6 rotations/min were used. Rats were anesthetized by
inhalation of 1.5-2.5% isoflurane during the length of PET imaging and prior to any
injections and sacrifice. All protocols requiring the utilization of rats were reviewed and
approved by the Institutional Animal Care and Use Committee (University of Pennsylvania).

[125I]IPT (N-(3′-[125I]-iodopropen-2′-yl)-2-beta-carbomethoxy-3-beta-(4-chloro phenyl)
tropane) was prepared following the procedure described previously [38]. [18F]AV-133
((+)-2-Hydroxy-3-isobutyl-9-(3-[18F]-fluoropropoxy)-10-methoxy1,2,3,4,6,7-
hexahydro-11bH-benzo[a]quinolizine) synthesis procedures were reported previously [31]
and was successfully prepared with a specific activity of 48-390 Gbq/ummol at the end of
synthesis (EOS). The labeling and purification procedures of [18F]FPBM (2-(2′-
((dimethylamino)methyl)-4′-(3-18F-fluoropropoxy)phenylthio)benzenamine) have also been
reported previously [23], and [18F]FPBM was obtained with a specific activity of 8-87 GBq/
umol at EOS.

2.2 Small Animal PET Imaging
Imaging was performed using the Philips Mosaic Animal PET imaging system. SERT
binding was examined by injecting 37-51 MBq of [18F]FPBM via tail vein. Imaging
commenced immediately after injection and continued for a period of 4 hrs taking 5 min per
frame for the first 2 hrs and 15 min per frame for the last 2 hrs. Each rat was imaged a
second time with [18F]FPBM 7-20 days later. To examine VMAT2 binding in the rats,
[18F]AV-133 (50-57 MBq) was also injected via tail vein approximately 4 weeks later and
imaged as above (n = 1). Normal control rats were also imaged with [18F]FPBM (43-57
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MBq) for comparison. Region-of-interest analysis was performed using AMIDE
(http://amide.sourceforge.net/) on reconstructed images to generate time activity curves.
Points from the same brain region were summed to obtain total activity in that region. The
percent binding change between the left and right striatum was expressed as ((total activity
in right striatum − total activity in cerebellum) − (total activity in left striatum − total
activity in cerebellum))/(total activity in right striatum − total activity in cerebellum) × 100.

Analysis of the [18F]FPBM time activity curves generated from PET image analysis (Fig 4)
showed the normal control rat to have comparable binding in the left and right striatum (Fig
4A). For the control, PET imaging was done in two separate rats, and the average percent
binding change in the left striatum was +0.5% (n = 2, +4.5 and −3.5%). For the 6-OHDA
lesioned rats, each rat was scanned twice. Rat #1 (Fig 4B) had an average [18F]FPBM
binding reduction of −11% in the left striatum (n = 2, −12% and −10%, 10 days between
scans). Rats #2 and #3 (Fig 4C-D) had average reductions of −4% (n = 2, −1% and −7%, 20
days between scans) and −43% (n = 2, −42% and −44%, 7 days between scans),
respectively.

2.3 Preparation of 125I Calibration Standards
Embedding medium (OCT, Sakura Tissue Tek®) was added to a tissue embedding mold,
and micro test tubes (5 mm diameter) fixed in a homemade test tube rack were lowered into
the medium. The medium was frozen, and the tubes were removed leaving behind wells.
This well block was kept on powdered dry ice. 125I labeled ligands no longer in use were
compiled, dried down under an Argon (g) stream, and redissolved in 50% ethanol to a
concentration of 0.2 MBq/μL. Evans blue was added to the mixed radioligand solution, and
dilutions of the radioligand were made to give a range of ten concentrations. Homogenates
were made from frozen rat brains (Pel-Freeze® Biologicals) using a Wheaton overhead
stirrer. The radioligand (5 μL) was mixed into a 0.7 mL aliquot of brain homogenate using a
spatula until the blue color was evenly distributed. The mixed homogenate was then
transferred to a 3 mL needleless syringe, and the homogenate was injected into a well in the
frozen well block. An aliquot of the homogenate mixture was also weighed and counted by
gamma counter to determine the final concentration of the standard. This was done for all
radioligand concentrations. Final concentrations ranged from 0.04-1.48 kBq/mg. The
complete frozen well block was then sliced into 20 μm sections on a cryostat microtome and
thaw-mounted on microscope slides.

The standards were exposed to film (Kodak BioMax MR) along with the brain sections used
for in vitro autoradiography for 24 hrs. Image analysis was performed using ImageJ
(http://rsb.info.nih.gov/ij/). To avoid inaccurate measurement due to small air bubbles in the
standards, the mean gray values for five equal circular areas within each standard
concentration (without air bubbles) were averaged. A calibration curve was generated with
these averaged mean gray values and the known concentrations of the standards.

2.4 In vitro Autoradiography
The rats were decapitated and the brains were removed immediately. The brains were placed
in OCT embedding medium and frozen with powdered dry ice. Coronal sections (20 μm)
were sliced on a cryostat microtome and thaw-mounted on microscope slides. The slides
were desiccated at 4 °C for 2 hrs and then stored at −70 °C. Prior to each experiment,
sections were thawed, air-dried at room temperature, and preincubated for 20 min at room
temperature with buffer containing 50 mM Tris and 120 mM NaCl (pH 7.4). Following
preincubation, the sections were allowed to dry at room temperature. Each section was
covered with 400 μL of preincubation buffer containing [18F]FPBM (166-178 Bq/μL) for 1
hr at room temperature. The sections were rinsed with cold preincubation buffer in Coplin
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jars for 2 × 45 min and then rinsed once quickly with cold H2O. For [125I]IPT (13-19 Bq/
μL) labeling of neighboring sections, the same procedures were used with the following
exceptions: buffer contained 50 mM Na2HPO4 and 0.32 M sucrose (pH 7.4), radioligand
incubation was 2 hrs, and sections were rinsed for 2 × 30 min [38]. The sections were
allowed to air-dry at room temperature and then exposed to film (Kodak BioMax MR) along
with the 125I standards for 24 hrs.

Films were scanned (Epson Expression 1600, 8-bit grayscale, 600 dpi), and image analysis
was performed using ImageJ (http://rsb.info.nih.gov/ij/). The region of interest (striatum)
was outlined according to the anatomical boundary defined in the Paxinos and Watson rat
brain atlas. The percent binding change between the left and right striatum was expressed as
((right striatum − cerebellum) − (left striatum − cerebellum))/(right striatum − cerebellum)
× 100. The percent binding change in the left striatum was determined for multiple brain
sections that spanned from the rostral to caudal striatum, and brain sections were then
averaged together.

2.5. p-chloroamphetamine (PCA) treatment of rats
A neurotoxin, p-chloroamphetamine (PCA), was used to lesion the serotonergic neurons of
male Sprague Dawley rats, as described previously [39]. Twelve rats were divided into two
groups, and were injected daily with PCA (5 mg/kg, i.p.) or saline for 2 consecutive days,
respectively. Six days later, the rats were injected with [18F]FPBM (~925 μBq, i.v.) and
sacrificed by using isoflurane 60 minutes post injection. The biodistribution of [18F]FPBM
was measured in the control and PCA-lesioned rat brains only and no peripheral organs.
PET imaging was not performed for PCA- treated rats.

3. Results
3.1 Small Animal PET Imaging

A summed PET image (4 hrs) for each of the three 6-OHDA lesioned rats (rats #1-3) after
an injection of the VMAT2 ligand, [18F]AV-133, are shown in Figure 2. Clear loss of
[18F]AV-133 binding can be seen in the left striatum for each of the rats (rat #1 = −87%, rat
#2 = −72%, rat #3 = −91%, n = 1). This binding loss suggested that the dopaminergic
neurons in the left striatum were successfully lesioned and that [18F]AV-133 may be useful
for imaging VMAT2 in the brain. Figure 3 shows SERT binding with [18F]FPBM in a
normal control rat and the same three lesioned rats. The normal control rat appeared to have
similar [18F]FPBM binding in the left and right striatum as expected (Fig 3A). Rat #1 had a
slight reduction of activity in the left striatum (Fig 3B), rat #2 did not appear to show
binding reduction (Fig 3C), and rat #3 showed an obvious loss of [18F]FPBM binding (Fig
3D). Each 6-OHDA lesioned rat was then imaged a second time with [18F]FPBM 7-20 days
later, and the results were similar (images not shown). Localization of [18F]FPBM to the
SERT-rich region, the thalamus, can also be clearly visualized (Fig 3).

3.2 In vitro Autoradiography
In vitro autoradiography was performed to confirm the results seen through PET imaging.
The DAT ligand, [125I]IPT, showed similar levels of DAT binding in the left and right
striatum of a normal control rat as expected (Fig 5A top row). [125I]IPT binding was
dramatically reduced in the left striatum of lesioned rats #1, 2, and 3 (Fig 5B top row,
images for rat #1 and #2 not shown) implying a loss of dopaminergic neurons. On
neighboring brain sections [18F]FPBM showed similar levels of SERT binding in the left
and right striatum of a normal control rat as anticipated (Fig 5A bottom row). In lesioned rat
#3 [18F]FPBM binding appeared to be reduced in the left striatum (Fig 5B bottom row, red

Wang et al. Page 5

Nucl Med Biol. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://rsb.info.nih.gov/ij/


arrows); however, [18F]FPBM binding loss was not visible in rat #1 or #2 (images not
shown).

Quantitative analysis of the in vitro autoradiography images and comparison to the results
from PET image analysis show a similar trend (Fig 6). In vitro autoradiography with
[125I]IPT showed a −66% change in binding for rat #1, −56% for rat #2, and −81% for rat
#3 (Fig 6A). PET imaging with [18F]AV-133 and in vitro autoradiography with [125I]IPT
together suggest that the 6-OHDA lesions resulted in the loss of dopaminergic neurons in
rats #1-3. The data also indicate that rat #3 had the greatest loss of dopaminergic neurons
followed by rat #1 and then rat #2. Quantitative in vitro autoradiography of serotonergic
neurons using [18F]FPBM showed a large variation in percent binding changes in the left
striatum between brain sections. However, averaged values for brain sections containing the
rostral striatum (n = 2 for control rat, n = 3 for rats #1-3) ranked the lesioned rats in the same
order of SERT binding loss as PET imaging with [18F]FPBM, rat #3 > rat #1 > rat #2 (Fig
6B).

3.3 Changes in SERT Binding after Treatment of p-Chloro-Amphetamine (PCA)
As expected, the p-chloroamphetamine (PCA) treatment significantly reduced the binding of
[18F]FPBM in the hypothalamus of rat brain, a region where serotonin transporters are
concentrated. The reduction was 52 and 68% in the hypothalamus and cortex, respectively
(Table 1). The reduction of absolute uptake values in the cortex and hypothalamus are
consistent with those reported previously using [11C]DASB as the ligand in the same PCA
lesioned rat model [40]. The data strongly supports the conclusion that binding of the new
ligand, [18F]FPBM, in the brain is associated with SERT binding sites.

4. Discussion
Through PET imaging in a rat model of Parkinson’s disease, it was shown that [18F]FPBM
and [18F]AV-133 can be used for the in vivo examination of SERT and VMAT2,
respectively, in a “diseased” brain. Results from SERT imaging with [18F]FPBM suggested
that rat #3 had the greatest reduction of serotonergic innervation in the left striatum just as
results from VMAT2 imaging with [18F]AV-133 suggested that rat #3 had the greatest
reduction of dopaminergic innervation in the left striatum. Imaging of both targets also
suggested that rat #2 had the least amount of serotonergic and dopaminergic loss.

In vitro autoradiography with [18F]FPBM was performed with the goal of confirming the
results seen through PET imaging with [18F]FPBM. The quantified values obtained from the
[18F]FPBM autoradiography images of individual brain sections fluctuated, but averaged
values did reflect the results from PET imaging with [18F]FPBM. Averaged percent binding
reduction of the left rostral striatum brain sections for rat #1-3 (n = 3) were −5.9%, +2.3%,
and −37.3%, respectively (Fig 6B). Only rostral striatum sections were averaged because it
was observed in rat #3 that as the brain sections progressed to the caudal striatum, less
binding reduction was seen in the left striatum. If brain sections containing the rostral
through caudal striatum for rat #3 were averaged together, the average percent reduction
would have been −22.2% (n = 8). Since only minor binding changes in the rostral striatum
were seen for rat #1 and #2, averaging all striatum sections did not appreciably alter the
results for rat #1 and #2 (+3.3%, n = 9 and +0.8%, n = 6, respectively).

A possible explanation for the fluctuation in values seen between brain sections may be due
to different degrees of serotonergic neuron loss in various subregions of the striatum [26].
Another possible explanation may be that this autoradiographic method is less robust for
SERT detection than for DAT detection since there is a lower density of serotonergic
neurons in the striatum than dopaminergic neurons [41]. Subtracting cerebellum counts from
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already relatively low striatum counts would greatly affect the calculated percent binding
change. Working with an 18F labeled ligand would also produce images that are less refined
on autoradiographic film due to the nature of the isotope’s radioactive decay of producing
fewer Auger electrons. Moreover, incubation and rinsing conditions for the brain sections
could have been optimized further.

Results from in vitro autoradiography with [18F]FPBM correlated with results from
[18F]FPBM PET imaging, and results from in vitro autoradiography with [125I]IPT, a
dopamine transporter-selective ligand, correlated with results from [18F]AV-133 PET
imaging. Moreover, the rank of implied serotonergic neuron loss between the three rats
follow the same rank of implied dopaminergic neuron loss (rat #3 > rat #1 > rat #2). The
combination of preliminary evidence reported in this paper suggest that [18F]FPBM may be
useful for detecting changes in serotonergic innervation, and [18F]AV-133 may be useful for
detecting changes in dopaminergic innervation in the brain. However, additional studies
with a larger sample population are warranted to determine the changes of SERT binding
sites in the brain.

5. Conclusions
The 6-hydroxydopamine unilateral lesion of the nigrostriatal pathway is a common rat
model of Parkinson’s disease. PET imaging with [18F]FPBM was successful in detecting a
reduction of SERT binding, and [18F]AV-133 was successful in detecting the loss of
VMAT2 binding in the striatum (lesioned side) of these Parkinson’s model rats. The results
lend support that [18F]FPBM can be used for detecting serotonergic neuron loss, and
[18F]AV-133 can be used for detecting dopaminergic neuron loss in the living brain.
[18F]FPBM and [18F]AV-133 may thus serve as useful tools in the diagnosis and treatment
of diseases involving the serotonergic and dopaminergic system, respectively.
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Abbreviations

5-HIAA 5-hydroxyindoleacetic acid

6-OHDA 6-hydroxydopamine

ß-CIT (−)-2β-Carbomethoxy-3β-(4-iodophenyl)tropane

Am amygdala

AV-133 (+)-2-Hydroxy-3-isobutyl-9-(3-fluoropropoxy)-10-methoxy-1,2,3,4,6,7-
hexahydro-11bH-benzo[a]quinolizine

Cb cerebellum

DASB (N,N-dimethyl-2-(2-amino-4-cyanophenylthio)benzylamine

DAT dopamine transporter

EOS end of synthesis

FDA Food and Drug Administration
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FPBM 2-(2′-((dimethylamino)methyl)-4′-(3-
fluoropropoxy)phenylthio)benzenamine

GP globus pallidus

HG Harderian glands

Hp hippocampus

IACUC Institutional Animal Care and Use Committee, IPT (N-(3′-iodopropen-2′-
yl)-2-beta-carbomethoxy-3-beta-(4-chlorophenyl)tropane)

LC locus coeruleus

(+)-McN5652 trans-1,2,3,5,6,10-beta-hexahydro-6-[4-(methylthio)phenyl-[pyrrolo-[2,1-
a]isoquinoline

NC nasal cavity

OCT optimal cutting temperature

OT olfactory tubercle

PCA p-chloroamphetamine

PET positron emission tomography

SAIF small animal imaging facility

SERT serotonin transporter

SSRI selective serotonin reuptake inhibitor

St striatum

Th thalamus

VMAT2 vesicular monoamine transporter 2
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FIGURE 1.
Structure of a potentially new PET radiotracer, [18F]FPBM (2-(2′-
((dimethylamino)methyl)-4′-(3-fluoropropoxy)phenylthio)benzenamine), for the imaging of
serotonin transporters in the brain.
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FIGURE 2.
PET imaging was performed to confirm that the 6-hydroxydopamine unilateral lesion of rats
#1-3 were successful (n = 1). 50-57 MBq of [18F]AV-133, a VMAT2 ligand, was injected
through a catheter placed in the tail vein of the rat while under isoflurane anesthesia. In each
of the three rats summed PET images (4 hrs) showed [18F]AV-133 localization to the right
striatum but not the left striatum indicating that the lesion was successful. Some non-specific
binding can be seen in the nasal cavity.
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FIGURE 3.
The utility of [18F]FPBM, a SERT ligand, was evaluated in the 6-hydroxydopamine
unilateral lesioned rats (rats #1-3) through PET imaging. [18F]FPBM (37-57 MBq), was
injected through a catheter placed in the tail vein of the rat while under isoflurane
anesthesia. (A) Summed PET images (4 hrs) of a normal control rat showed [18F]FPBM
localization to SERT-rich regions such as the thalamus and striatum. (B) In rat #1 there was
[18F]FPBM binding in the right striatum but decreased binding in the left striatum (white
arrow). (C) In Rat #2 there appeared to be comparable amounts of [18F]FPBM binding
between the left (white arrow) and right striatum. (D) There was a clear loss of [18F]FPBM
binding in the left striatum (white arrow) of rat #3. Nonspecific binding in the nasal cavity
(NC) and Harderian glands (HG) can also be seen in these images.
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FIGURE 4.
Time activity curves were generated from PET image analysis using the AMIDE software.
Points in the curve represent activity in the striatum after subtracting out the activity in the
cerebellum at the same time point. Percent [18F]FPBM binding change in the left striatum
was expressed as ((total activity in right striatum − total activity in cerebellum) − (total
activity in left striatum − total activity in cerebellum))/(total activity in right striatum − total
activity in cerebellum) × 100. (A) The normal control rats had a +0.5% average increase in
total activity in the left striatum (n = 2, two separate rats). (B) Rat #1 showed an −11%
average decrease (n = 2). (C) Rat #2 displayed a −4% average decrease (n = 2). (D) Rat #3
had a −43% average decrease (n = 2).
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FIGURE 5.
[125I]IPT and [18F]FPBM binding in the striatum of the three Parkinson’s model rats were
examined through in vitro autoradiography. (A) In the control rat, the dopamine transporter
ligand, [125I]IPT, strongly binds in both the left and right striatum, as expected. [18F]FPBM
also appears to have equal amounts of binding in the left and right striatum. Binding of
[18F]FPBM appears less intense than [125I]IPT due to the natural lower level of serotonergic
innervation compared to dopaminergic innervation in the striatum. (B) [125I]IPT binding in
the left striatum is clearly reduced in rat #3. Rat #3 also had visible differences in
[18F]FPBM binding between the left (red arrows) and right striatum. Rat #1 and #2 also
showed reduced [125I]IPT binding in the left striatum but did not show any differences with
[18F]FPBM (not shown). 125I standards were exposed to the film along with the brain
sections. DAT: dopamine transporter, SERT: serotonin transporter, St: striatum, OT:
olfactory tubercle, GP: globus pallidus, Hp: hippocampus, Th: thalamus, Am: amygdala, Cb:
cerebellum, LC: locus coeruleus (Please note: 1nCi = 0.037 Bq).
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FIGURE 6.
Results from PET imaging and in vitro autoradiography show a similar trend. (A) The
results from both PET imaging of VMAT2 with [18F]AV-133 and in vitro autoradiography
of dopamine transporters with [125I]IPT suggest that rat #3 had the greatest loss of
dopaminergic neurons followed by rat #1 then rat #2. (B) For in vitro autoradiography the
percent [18F]FPBM binding reduction was calculated by averaging brain sections containing
the rostral striatum (n = 2 for control, n = 3 for rats #1-3). There was variation in values
between the brain sections, but the averaged results did rank the rats in the same order of
SERT binding loss as the results from PET imaging with [18F]FPBM: rat #3 > rat #1 > rat
#2. *Separate control rats were used for PET imaging and in vitro autoradiography.
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Table 1

Regional Brain Distribution of [18F]FPBM after iv injection of (% dose/gram ± SD)

PCA Inhibition
60 min (n = 6)

Control
60 min (n = 6)

Cerebellum 0.08 ± 0.01 0.14 ± 0.04

Striatum 0.24 ± 0.07 0.53 ± 0.09

Hippocampus 0.19 ± 0.03 0.45 ± 0.10

Cortex 0.16 ± 0.04+ 0.49 ± 0.12+

Remainder 0.19 ± 0.03 0.45 ± 0.10

Hypothalamus 0.32 ± 0.05* 0.66 ± 0.09*

Ratio vs. CB ± SD

PCA Inhibition
60 min (n = 6)

Control
60 min (n = 6)

Cerebellum 1.00 ± 0.34 1.00 ± 0.33

Striatum 2.90 ± 1.00 3.70 ± 1.21

Hippocampus 2.29 ± 0.56 3.09 ± 1.10

Cortex 1.93 ± 0.58 3.39 ± 1.28

Remainder 2.27 ± 0.53 3.12 ± 1.12

Hypothalamus 3.87 ± 0.88 4.61 ± 1.44

+
Cortex Inhibition: 68% reduction

*
Hypothalamus Inhibition: 52% reduction
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