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Abstract

Objectives—A new radiotracer, 124|-epidepride, has been developed for the imaging of
dopamine D2/3 receptors (D2/3Rs). 124]-epidepride (half-life of 1241 = 4.2days) allows imaging
over extended periods compared to 18F-fallypride (half-life of 18F = 0.076days) and may
maximize visualization of D2/3Rs in the brain and pancreas (allowing clearance from adjacent
organs). D2/3Rs are also present in pancreatic islets where they co-localize with insulin to produce
granules and may serve as a surrogate marker for imaging diabetes.

Methods—124I-Epidepride was synthesized using N-[[(2S)-1-ethylpyrrolidin-2-ylJmethyl]-5-
tributyltin-2,3-dimethoxybenzamide and 1241-iodide under no carrier added condition. Rats were
used for in vitro and in vivo imaging. Brain slices were incubated with 1241-epidepride
(0.75pCi/cc) and nonspecific binding measured with 10 uM haloperidol. Autoradiograms were
analyzed by OptiQuant. 1241-Epidepride (0.2 to 0.3 mCi, iv) was administered to rats and brain
uptake at 3 hours, 24 hours, and 48 hours post injection was evaluated.

Results—124]-Epidepride was synthesized with 50% radiochemical yield and high radiochemical
purity (>95%). 1241-Epidepride localized in the striatum with a striatum to cerebellum ratio of 10.
Binding was displaced by dopamine and haloperidol. Brain slices demonstrated localization

of 124|-epidepride up until 48 hr in the striatum. However, the extent of binding was reduced
significantly.

Conclusions—124|-Epidepride is a new radiotracer suitable for extended imaging of dopamine
D2/3 receptors and may have applications in imaging of receptors in the brain and monitoring
pancreatic islet cell grafting.
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1. Introduction

Besides the brain, dopamine D2-like receptors are also found in peripheral organs, such as
the pancreas, where they colocalize with insulin to produce beta cells and hence may serve
as a surrogate marker for imaging islets (Rubi et al 2005). Loss of insulin producing cells in
the pancreatic islets leads to an inability to manage blood sugar levels, which results in
diabetes mellitus, Type 1 (T1DM) or Type 2 (T2DM). In the field of diabetes research,
search for a proper biomarker to image transplanted islets non-invasively is being pursued
by various research groups using diverse imaging technologies, in order to predict the
development of clinical TIDM or other islet cell disorders. We have recently reported our
efforts for imaging dopamine D2/3 receptors in pancreatic islets using 18F-fallypride (Garcia
etal., 2011).

Our findings with 18F-fallypride suggested a higher degree of nonspecific binding in the
pancreas than in the brain (Garcia et al., 2011; Mukherjee et al., 2002). In an attempt to
reduce the nonspecific binding and enhance clearance from organs adjacent to the pancreas,
imaging of the pancreas may benefit by using a longer half-life PET radioisotope. Although
F-18 has a higher resolution (Yu et al., 2009), 1-124 with half-life of 4.2 days compared to
F-18 and its half-life of 0.076 days may be a better choice when taking extended imaging
into account. Epidepride (de Paulis 2003), radiolabeled with 1-123 in clinical research
setting for SPECT imaging of dopamine D2/3 receptors (Barth et al., 2013; Fagerlund et al.,
2012; Van Laere et al., 2010) can be radiolabeled with 1-124 for extended PET imaging.

Improvement of the power and reliability of imaging methods to predict diabetes would
raise the possibility for pharmacological intervention during the preclinical phase and the
honeymoon period to either slow down or arrest the ongoing destruction of the remaining
islet cells in the pancreas (Sweet et al., 2004; Wu and Kandeel, 2010). Currently, the only
accepted end-point for drug trials is the clinical diagnosis of TLDM. Development and use
of a new and novel PET imaging agent such as 1241-epidepride which has a longer half-life
than 18F-fallypride may have improved capabilities for noninvasive imaging of diabetes.

In this paper we report synthesis and radiosynthesis of (S)-N-[(1-ethyl-2-
pyrrolidinylmethyl]-5-1241-iodo-2,3-dimethoxybenzamide, or 1241-epidepride. This PET
radiotracer is synthesized for longitudinal imaging of dopamine and dopamine-like receptors
found in the central and peripheral nervous system. The half-life of 124I-epidepride (100.2
hrs) greatly outlast those of 76Br-isoremoxipride (16.2 hrs), 18F-fallypride (1.83 hrs),

and 1231-epidepride (13.3 hrs). In vitro binding studies were carried out in the rat brain slices
to illustrate receptor-mediated binding. In vitro binding was also carried out in isolated rat
islet cells to show selecting of binding. MicroPET imaging evaluation of 124|-epidepride
binding in the rat was carried out in order to evaluate time-course of extended binding.

2. Materials and Methods
2.1 General Methods

Chemicals were purchased from Sigma-Aldrich. All other reagents and solvents were of
analytical grade and used as such. Sodium 124 jodide was purchased from IBA Molecular,
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Richmond, VA. HPLC was carried out on a Gilson System consisting of isocratic solvent
{60/40:CH3CN/H»0(0.01%Et3N)} and two detectors, a UV detector fixed at 287 nm and a
radiation flow detector with a Nal(TI) crystal. Semi-prep C18 column (250 x 10 mm; 10um)
from Alltech Assoc Inc. were used for reverse phase HPLC. All animal studies were
approved by the Institutional Animal Care and Use Committee of University of California-
Irvine.

2.2 Radiochemistry

Epidepride ((9-N-[((I-ethyl-2-pyrrolidinynmethyl-5-iodo-2,3-dimethoxybenzamide) and
(9-N-[(I-ethyl-2-pyrrolidinynmethyll-5-tri-n-butyltin-2,3-dimethoxybenzamide were
prepared by using previously reported methods (Clanton et al., 1991; Kessler et al., 1991).
Radiolabeling of the tributyltin precursor to produce (S)-N-[(I-ethyl-2-
pyrrolidinyl)methyl]-5-1241-iodo-2,3-dimethoxybenzamide was carried out using the
following procedures: To the vial of no-carrier-added Nal24 (commercially supplied in 0.02
M NaOH, IBA Molecular) (3.0 mCi, approx 30uL), 0.5N aq. HCI (10uL), tributyltin
precursor (0.2 mg, 50uL EtOH), glacial AcOH /(30%aq.)H,0, : (3/1) (50uL) were added in
sequence and the reaction mixture was incubated at room temp for about 20 min. The
reaction was quenched by adding NaHSO3 (100uL of 1.0mg/mL) and saturated NaHCO3
soln. (200uL) was added. The crude was loaded on HPLC column (Econosil C18; 10um,
250 x 10 mm) and purified by using CH3CN/H,O(1%Et3N): 60/40 at a flow rate of 2.5mL/
min. The desired radioactive peak/ product was collected (retention time =37 min),
rotavaped to dryness, and formulated in 109%EtOH in saline for biological (in vitro/ in vivo)
experiments. The radiochemical yield was 50%, radiochemical purity 98% and specific
activity was 100 Ci/mmol.

In another separate radiolabeling experiment chloramine-T (50uL, 1mM solution) was used
in place of glacial acetic acid /30% aqueous H,O,. The radiochemical yield was 50%,
radiochemical purity 98% and specific activity was 30 Ci/mmole.

2.3 In Vitro 124-Epidepride Autoradiographic Studies

Male Sprague—Dawley rats (200 — 250 g) were decapitated and the brain was rapidly
removed and frozen in isopentane at —20° C. Horizontal sections (40 um thick) containing
the cortex, striatum, thalamus, hippocampus and cerebellum were prepared using LEICA
CM 1850 cryotome. The temperature for harvesting the brain sections was —20° C; sections
were stored at —20° C until use. For competitive binding studies, slides were thawed for
approx. 15 mins at ambient temperature and were subsequently pre-incubated for 10 mins at
ambient temperature in buffer (50mmol/L Tris HCI containing 120mmol/L NaCl, 5mmol/L
KCI, 2mmol/L CaCly,1 mmol/L MgCl,, Immol/L EDTA, 0.1mmol/L Sodium acsorbate, pH
7.4). The preincubation buffer was then discarded. Subsequently, the slices were treated
with incubation buffer containing 1241-epidepride (0.2uCi/mL) at 37°C for 60 min.
Nonspecific binding was measured in the presence of 100 umol of haloperidol. Competitive
binding assay with different concentrations of dopamine (endogenous ligand for dopamine
receptor) were also carried out. For each drug concentration, several adjacent brain sections
(n=5 or more) were used. After incubation, slides were washed twice (2 mins each) with ice-
cold incubation buffer, followed by a quick rinse in cold (0-5 °C) deionized water. The
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slides were then air-dried and apposed to phosphor screens (Perkin Elmer medium type, MS,
films) for at least 16 hours and read by the Cyclone Phosphor Imaging System (Packard
Instruments Co). The amount of bound 123I-niodene in the autoradiograms was evaluated in
various brain regions (as digital lights units (DLU]/mm?) using the OptiQuant acquisition
and analysis program (Packard Instruments Co.). Data from sets of brain sections were
pooled to provide average values and standard deviation of 1241-epidepride binding.

2.4 In Vivo and Ex Vivo 124|-Epidepride Studies

MicroPET 124|-Epidepride Studies—Male Sprague-Dawley rats (650g) were fasted 24
hours prior to time of the scan. On the day of the study, rats were anesthetized and induced
with 4.0% isoflurane. The preparation of dose injection was as follows: 50-250uCi of 124-
epidepride was collected into a 1mL syringe with a 25 gauge needle. Tracer compound was
then diluted with saline to a final volume of 0.3ml. The dose was injected via IV into the tail
vein of the rat. Isoflurane was reduced and maintained at 2.5% following injection. Scans
were carried out for 90 minutes and acquired by the Inveon MicroPET in full list mode. Rats
were also imaged at 24 and 48 hrs post injection for 90 min. List mode data was collected
dynamically, 3 dimensional sinogram, which were rebinned using a Fourier Rebinning
algorithm. The images were reconstructed using 2 dimensional Filter Back Projection using
a Hanning Filter with a Nyquist cut off at 0.5, and corrected for attenuation using the Co-57
attenuation scan data.

Ex vivo MicroPET—After completion of whole body in vivo MicroPET scans, male
Sprague-Dawley rats (650g) were sacrificed and the brain was pulled out for ex vivo
scanning of an additional 60 minutes. Images were collected by the Inveon MicroPET
scanner in full list mode. List mode was collected in a single frame while reconstruction of
images was identical to the in vivo studies. Images were analyzed using Acquisition
Sinogram Image Processing IDL's virtual machine (ASIPRO VM) and PMOD 3.0
softwares.

Ex vivo Autoradiograph studies—After the ex vivo microPET scan, the brain was
removed and placed in isopentane for preparation of sectioning. Horizontal sections were
acquired using the Leica CM1850 (40um thick) and exposed to phosphor films overnight.
Films were read using the Cyclone Phosphor Imaging System. ROI's of same size were
drawn and analyzed on brain regions rich in dopamine D2/3 receptors using OptiQuant
software and measured in digital light units/mm2.

In Vitro Autoradiograph studies on Pancreatic Islets—Islets were isolated from
Sprague—-Dawley rats using collagenase digestion of the pancreas and density-gradient
purification of the islets. Isolated islets were stained with dithizone to quantify the yield and
to estimate purity. Another aliquot of isolated islets was stained with SYTO Green
(Invitrogen)/Ethidium Bromide (Sigma-Aldrich) to quantify viability. Purified rat islets (50
IEQs) were incubated with 0.2 pCi/mL of 124|-epidepride in the absence or presence of 100
UM haloperidol for one hour in a 37°C water bath. The islets were then collected from
incubation test tubes onto Whatman filter paper that had been presoaked in 0.1%
polyethylenamine using a 24-sample Brandel Cell Harvester and were washed 3 times with
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cold incubation buffer. Filters were first exposed to phosphor screens for 30 min, and 124I-

epidepride activity was determined by autoradiography. Films were read using the Cyclone
Phosphor Imaging System. Region of interest of the same size were drawn and analyzed to

evaluate 124|-epidepride binding to dopamine D2/3 receptors using OptiQuant software and
measured in digital light units/mm?2.

Radiosynthesis

Two methods of 124|-sodium iodide radiolabeling of the tributyltin precursor for 124]-
epidepride were tried using different oxidants. When using hydrogen peroxide in glacial
acetic acid, a 50% radiochemical yield was obtained with high radiochemical purity. The
specific activity of 124|-epidepride was found to be 100 Ci/mmol. The reaction with
chloramine-T as an oxidant provided similar yields. However, the chemical purity was lower
and resulted in lower specific activity (30 Ci/mmol) when using chloramine-T as the
oxidant. The identity of 124-epidepride was confirmed by analytical HPLC using pure
epidepride.

In Vitro Binding

In vitro binding of 1241-epidepride to rat brain slices is shown in Fig-2. Localization of 124]-
epidepride was evident in the striatum while other extrastriatal regions of the brain had
lower binding as seen in Fig-2A. Ratio of striatum to cerebellum (a region known to have
few dopamine receptors, Mukherjee et al., 1999) was 10. In the presence of dopamine,
binding in the striatum was reduced by 36% (with 1 pM dopamine) and by 66% (with 100
uM dopamine). Haloperidol (100 uM) displaced most of the binding from the striatum
(Fig-2D and 2E).

In Vivo Binding

Whole body imaging of rats resulted in distribution of 1241-epidepride in the brain as well as
other parts of the body. Localization of 124|-epidepride was evident in the striatum in vivo
while clearing out from other parts of the brain. Ex vivo brain uptake of 1241-epidepride
indicated localization in the striatum (Fig-3A—C) while cerebellum exhibited lower retention
of the radiotracer as expected. In comparison to 1241-epidepride, 18F-fallypride exhibited
higher uptake in the striatum.

Extended Time Imaging

Rat brains excised at different time points were sectioned and shown in Figure-4 are brain
slices at 3hr, 24hr and 48 hrs. Selective retention of 124|-epidepride was observed in the
striatum up until 48 hrs. Ratio of striatum to cerebellum was 3 initially (3 hrs post injection)
and increased over time to 10 in 24hrs. Subsequently, the ratio went down to 5 after 48 hrs.
However there was significant clearance from the striatum and cerebellum overtime. There
was >80% decrease in 124|-epidepride binding in 24 hrs which further reduced by 96% in 48
hrs compared to the initial binding of 1241-epidepride at 3 hrs.

Nucl Med Biol. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Pandey et al.

Page 6

Whole body distribution of 124|-epidepride is shown in Figure-5. Initial distribution (2 hrs
postinjection) showed excessive activity in the regions corresponding to the stomach and the
urinary bladder on CT (Fig-5A, B). Due to high amount of activity in the stomach it was
difficult to delineate the pancreas. Over time, in 48 hrs postinjection, most of the activity
from the stomach and urinary bladder had cleared (Fig-5C). The remaining activity was
found predominantly in the intestines and very little activity was discernable in the vicinity
of the pancreas.

Islet cell In Vitro Binding

Significant in vitro binding of 1241-epidepride in isolated islet cells was observed which was
displaceable by haloperidol. Figure-6 shows a >80% reduction in the binding of 124]-
epidepride to the islet cells shown in Figure-6A.

4. Discussion

Radiolabeling of 124|-epidepride proceeded smoothly using the tributyltin precursor and
sodium 1241-jodide using two separate procedures. In the two oxidative methods used,
radiochemical yields were similar but the specific activity was higher (100 Ci/mmol) using
hydrogen peroxide and glacial acetic acid while with chloramine-T the specific activity was
30 Ci/mmol.

Similar to the binding characterisitics of 123|-epidepride and 18F-fallypride, 1241-epidepride
exhibited selectivity to the striatum and other extrastriatal regions. Dopamine was able to
displace >66% the binding of 124I-epidepride which further suggested binding of the
radiotracer to dopamine receptors. It also indicated the reversibility of binding of 124]-
epidepride similar to observations made with 18F-fallypride (Mukherjee et al., 1999).

PET imaging studies of the rat brain using 1241-epidepride resulted in regional striatal
localization. However, in comparison to 18F-fallypride PET, the lower resolution of 124]-
was evident as can be seen in Fig-3. This issue of lower resolution with 124|-radiotracers has
been reported previously (Yu et al., 2009). Kinetics of binding of 1241-epidepride in brain
slices suggested clearance from both striatum and cerebellum over the period of 48 hrs,
suggesting that 124|-epidepride may not be superior to 1231-epidepride or 18F-fallypride for
brain imaging. However, the ratio of binding between striatum and cerebellum increased
over time, suggesting that there may be utility of the longer half-life 124I-epidepride in
certain applications. In particular, this may apply to more clearly visualize islet cells in the
pancreas, since 124|-epidepride, like 18F-fallypride (Garcia et al., 2011), labels D2/D3
receptors in isolated islet cells in vitro consistent with the presence of dopamine receptors
(Shankar et al., 2006) (Fig-4).

Preliminary evaluation of rat whole body distribution of 1241-epidepride reflected significant
amount of activity in the abdominal cavity. This activity cleared out over the 48 hr period
with very little binding in the pancreatic region. This may be due to the dissociation and
clearance of receptor-bound 124I-epidepride from the pancreas, as was seen in the brain.
Thus, delineation of 1241-epidepride in the pancreas will require further analyses.
Additionally, compared to 18F-fluoride (approx.. 97% positron emission branching
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fraction), 124I-iodide has only approx.. 23% branching fraction which further affects the
quality of the PET data. This adds to the challenges of characterization of selective binding
of 124|-epidepride in the pancreas. The presence of D2-like receptors in the intestines has
been reported to affect motility in mice (Liz et al., 2006). It remains to be confirmed if

the 1241-epidepride in the intestines at late times (48hr, Fig-5C) is D2-like receptor bound.
Evaluation of whole body PET data at extended times using 1241-epidepride in pancreas and
intestines is currently in progress.

5. Conclusion

1241_Epidepride, prepared for longitudinal imaging of dopamine D2/3 receptor, was found to
be selective, high affinity antagonist for the dopamine D2/3 receptor. The use of 124]-
epidepride potentially provides a non-invasive method of monitoring the levels of dopamine
receptors in the body, especially the brain and pancreas over extended periods. However, the
relatively faster clearance of 124|-epidepride from the receptor sites diminishes the value of
the long physical half life of 124|-epidepride.
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Figure-1.

A comparison of the structure and half-life (in minutes) of four different compounds, including A. 11C-FLB 457 ("®Br-
Isoremoxipride), B. 18F-Fallypride, C. 123|-Epidepride, D. 1241-Epidepride. .
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Figure-2.

In vitro autoradiography results. Specificity of 124I-epidepric?e for D2/3 receptors in the striatum of Sprague Dawley rat brain
with thickness of 40 um. A: total binding; B: in the presence of 1 uM dopamine; C: in the presence of 100 UM dopamine; D.
Nonspecific binding in the presence of 100 pM haloperidol. E. The graph shows degree of displacement of 124|-epidepride
under different drug conditions.
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Figure-3.

Comparison of 124|-epidepride with 18F-fallypride. Ex vivo I\/?icroPET results of excised Sprague Dawley rat brain 3 hours post
injection in separate studies of 1241-epidepride (IV injection of 0.15 mCi at specific activity of 80 Ci/mmol) and 18F-fallypride
(IV injection of 0.5 mCi at specific activity of 2000 Ci/mmol). Orthogonal slices of 124|-epidepride (A-C) were compared those
of 18F-fallypride (D-F) showing striatal binding of the two radiotracers.
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Figure-4.

Ex vivo brain slice autoradiography results for epidepride ur?take after A) 3 hours, B) 24 hours and C) 48 hours postinjection
of 124|-epidepride (after IV injection of 0.1-0.15 mCi at specific activity of 100 Ci/mmol in a normal rat under 3% isoflurane)
showing binding in the striatum (ST) and nonspecific binding in the cerebellum (CB). The plot D) shows the comparison
of 124|-epidepride uptake in rat striatum and cerebellum at the different time points.
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Figure-5.
A. CT scan of a normal rat showingliver, stomach and urinary bladder. B. PET scan of 124|-epidepride after IV injection of 0.22
mCi at specific activity of 100 Ci/mmol in a normal rat under 3% isoflurane. C. PET scan of the same animal as in B, 48 hrs
postinjection.
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Figure-6.
In vitro results for specificity of 1241-epidepride for D2/3 receptors in rat pancreatic islets for A) total binding and B) total +
haloperidol (100 um). C) The plot shows an 80% decrease in 1241-epidepride binding in the presence of haloperidol.
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