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R(+)-FIDA2, (R)-(+)-2,3-dimethoxy-5-iodo-N-[(1-(4'-fluoroben-
zyl)-2-pyrrolidinyl)-methyilbenzamide, is a new dopamine D2-
like receptor imaging agent that can be labeled with either '2%| or
8F for SPECT or PET imaging. The purpose of this study was to
characterize its in vitro and in vivo binding properties. Methods:
In vitro binding studies using [*2*I]R(+)-FIDA2 were performed
in S9 cells expressing dopamine D2 or D3 receptors and in rat
basal forebrain homogenates, which contain a high density of
dopamine D2-like receptors. A series of in vivo SPECT imaging
studies in nonhuman primates (cynomologous monkeys) were
performed by intravenously injecting 7.1 + 1.0 mCi of ['*1]R(+)-
FIDA2. At least one control study and one displacement exper-
iment, in which a cold compound was injected intravenously 90
min after tracer injection, was performed in each monkey. Data
were acquired in 10-min frames for 180 min, and the activity in
regions of interest (basal ganglia and cerebellum) were plotted
versus time. Results: lodine-125-R(+)-FIDA2 displayed K, val-
ues for D2 and D3 receptor subtypes expressed in Sf9 cells of
0.11 and 0.04 nM, respectively. As expected, SPECT images of
monkey brain (transaxial sections, 2 mm) showed that the ra-
dioactivity was localized in the area of the basal ganglia and
reached peak concentrations in 11.5 + 5.8 min postinjection. An
injection of R(+)7-OH-PIPAT, a new ligand that is selective for
dopamine D3 receptors and the high affinity state of dopamine
D2 receptors, did not show significant displacement of
['*1)R(+)-FIDA2 binding in the basal ganglia. Conclusion:
These studies indicate that R(+)-FIDA2 may be a useful ligand
for in vitro pharmacological characterization and in vivo imaging
of CNS dopamine D2-like receptors.
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In recent years, the imaging of dopamine receptors in the
CNS has received much attention because abnormalities in
dopamine receptor function have been implicated in neu-
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ropsychiatric disorders (J,2). Neuroleptics, such as halo-
peridol, display antagonistic activity at the dopamine D2
receptor subtype, and it is believed that this activity is
responsible for the therapeutic effect of these compounds.
Techniques in molecular biology, however, have revealed
that dopamine D3 and D4 receptor subtypes are very sim-
ilar to dopamine D2 receptors (3-5). Neuroleptics gener-
ally have similar affinities for the D2 and D3 receptor sub-
types, however, this is not the case for the D4 receptor.
Thioproperiozine, for example, is a hundredfold more se-
lective at D2 receptors versus D4 receptors (6), whereas
clozapine, an atypical neuroleptic, displays more selective
binding to the dopamine D4 receptor subtype. Therefore,
occupancy of D2, D3 and D4 receptor subtypes may be
responsible for the therapeutic efficacy of neuroleptics (7).
Using in vivo imaging techniques with SPECT and PET to
investigate receptor occupancy can provide a powerful tool
for the evaluation of central nervous system (CNS) func-
tion.

A variety of substituted benzamide derivatives posses-
sing antidopaminergic properties have been used as
SPECT imaging agents (8-10). Three agents that are well
characterized are (S)-N-[(1-ethyl-2-pyrrolidinyl)jmethyl-2-
hydroxy-3-iodo-6-methoxybenzamide (IBZM) (1), (S)-5-
iodo-7-N-[(1-ethyl-2-pyrrolidinyl)methyl]carboxamido-2,3,
dihyrobenzofuran (IBF) (12,13) and (S)-(—)-N-[(1-ethyl-2-
pyrrolidinyl)methyl]-5-iodo-2,3,dimethoxybenzamide (epi-
depride) (14,15). These benzamides are dopamine D2/D3
receptor antagonists and display similar high affinity (K, in
subnanomolar range) for each receptor subtype. In vivo
imaging studies in monkeys indicated that these com-
pounds accumulated in the basal ganglia and thus resulted
in basal ganglia/cerebellum ratios of 1.5, 2.1 (16) and 4
(17-19), respectively, at 1 hr postinjection. The target-to-
nontarget ratios for IBZM and IBF are adequate but could
be improved. Epidepride displays a good target-to-nontar-
get ratio, but has a long half-life in the basal ganglia. Thus,
the kinetic modeling of epidepride is complicated (20) be-
cause several hours of constant tracer infusion are required
for this compound to reach an equilibrium state for data
acquisition. It has been shown that each of these agents
can be displaced by selective dopamine D2-like receptor
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_ antagonists, such as haloperidol, therefore demonstrating
in vivo reversible binding of these compounds to D2-like
receptors.

In PET imaging, the most widely used agents are ''C-
raclopride (21) and ''C-N-methyl-spiperone (NMSP) (22-
24). Both of these ligands display good affinities for dopa-
mine D2/D3 receptors, but NMSP also binds to 5-HT, and
a, adrenergic receptors (25,26). Carbon-11-raclopride
binds reversibly, but NMSP displays irreversible binding
during the time frame of a PET study (27).

Like the ligands used for in vivo imaging, both SPECT
and PET imaging techniques have advantages and disad-
vantages. In general, it is well recognized that PET has
higher resolution, higher sensitivity and a better quantita-
tion capability (28). SPECT, however, has the advantage
of being more readily available, less expensive to perform,
and, since it does not need an on-site cyclotron, less tech-
nically demanding. The current status in developing recep-
tor-specific ligands is such that the data obtained from PET
cannot be easily transferred to SPECT and vice versa. This
incompatibility is due to the fact that different agents are
used for each modality. Although in many cases these
ligands are close analogs, they are not the same molecule,
and therefore, pharmacokinetic and metabolic differences
prevent their cross comparison.

In the evolving field of SPECT and PET imaging of dopa-
mine D2-like receptors, there are no clearly superior ligands.
An ideal agent must have a high target-to-nontarget ratio and
display a kinetic profile that is suitable for quantitation of
receptor density. Also, a ligand that can be used in both PET
and SPECT is desirable. By using a single molecule which
can be labeled with either '°F or '*I for both PET or SPECT,
one can expect the same pharmacological profile and the
same toxicology. It is highly likely, however, that %I and '®F
have different metabolic patterns therefore, careful analysis
of the in vivo radiometabolites is necessary. In an attempt to
meet these criteria, a dual-labeling dopamine D2-like agent,
(R)H(+)-2,3,dimethoxy-5-iodo-N-[(1-(4'-fluorobenzyl)-2-pyr-
rolidinyl}-methyl]benzamide, R(+)-FIDA2, was prepared
(29). Preliminary studies indicated that R(+)-FIDA2 displays
high binding affinity toward dopamine D2-like receptors us-
ing rat basal forebrain homogenates. Further investigation of
in vitro binding properties of ['*IJR(+)-FIDA2 indicated that
R(+)-FIDA2 has a high affinity for dopamine D2, D3 and D4
receptors. Ex vivo autoradiographic studies in rats showed
that ['®[JR(+)-FIDA?2 is localized in D2-like rich brain re-
gions. In addition, the results of a series of in vivo monkey
SPECT imaging studies with ['ZIJR(+)-FIDA2 determining
the uptake and washout rates, as well as the pharmacological
selectivity of ['*IJR(+)-FIDA2, are reported herein.

MATERIALS AND METHODS

Radiolabeling

No-carrier-added ['Z1] or ['ZIJR(+)-FIDA2 was prepared as
previously reported (29). Briefly, aqueous hydrogen peroxide (50
ul, 3% wiv) was added to a mixture of 50 ul of R(+)-2,3-
dimethoxy-N-[(1-(4'-fluorobenzyl)- 2-pyrrolidinyl)methyl] - 5-tri-n-
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butyltin benzamide (1 mg/ml of EtOH), 50 ul of 0.1 N HCl, and 5
wul of [*®1] or [*ZI]sodium iodide (2-30 mCi, no-carrier-added) in
a sealed vial. The reaction was allowed to proceed at 23°C for 30
min, after which it was terminated by the addition of 0.1 ml of
sodium bisulfite (300 mg/ml). The reaction mixture was neutral-
ized via the addition of saturated NaHCO, solution and then
extracted with ethyl acetate (3 x 1 ml). The combined organic
layers were passed through an anhydrous sodium sulfate column
(0.2 cm x 5 cm) and evaporated to dryness by a stream of nitro-
gen. The residue was dissolved in 100% ethanol (50-100 ul). The
desired product, ['ZI] or ['*IJR(+)-FIDA2, was isolated from the
unreacted compound and a small amount of unknown radioactive
impurities by HPLC, using a reverse-phase column (PRP-1,
Hamilton, Inc., Reno, NV) and an isocratic solvent 90% acetoni-
trile-10% pH 7.0 buffer (S mM, 3,3-dimethylglutaric acid). The
appropriate fractions were collected, condensed and extracted
with ethyl acetate (1 x 3 ml). The solution containing the no-
carrier-added product was evaporated to dryness and the residue
was dissolved in 100% ethanol (purity >97%, overall yield 75%).
Specific activity of ['ZI]R(+)-FIDA2 was determined by injecting
a known amount of the compound into the HPLC. Based ona UV
standard curve the sensitivity of this system was determined to be
>50,000 Ci/mmole. Based on experience with similar iodostanny-
lation reactions where the specific activity was determined to be
2200 Ci/mmole, it is reasonable to assume that the specific activity
of no-carrier-added ['*I]R(+)-FIDA2 is approximately 2200 Ci/
mmole (12). The no-carrier-added products, after dilution with
saline or buffer, were used for the in vivo and in vitro studies.

Membrane Preparation

Spodoptera frugiperda (Sf9) insect cell membranes were pre-
pared as previously described (30). Briefty, Sf9 cells were infected
with a virus containing either the rat dopamine D2; or the D3
receptor gene. The cells were centrifuged and the pellet was
resuspended in 50 mM Tris-HCl, pH 7.4, 10 mM EDTA, 150 mM
NaCl, 1 ug/ml aprotinin, 1 ug/ml leupeptin and 1 ug/ml soybean
trypsin inhibitor. This homogenate was centrifuged and the pellet
was resuspended in the same buffer, aliquoted, and stored at
—20°C. On the day of the experiment, an aliquot was thawed,
diluted with buffer and homogenized. Bovine serum albumin
(1 mg/ml) was included in the final diluted homogenates for
the assay.

Tissue homogenates containing dopamine D2-like receptors
were prepared by dissecting the basal forebrain region from Spra-
gue-Dawley rats (200-250 g). The tissue was homogenized in
buffer (50 mM Tris-HCl, pH 7.4, 120 mM NaCl and 2 mM MgCl,)
and centrifuged at 3,000 rpm for 10 min. The pellet was discarded
and the supernatant was centrifuged at 14,000 rpm for 20 min. The
pellet was resuspended in the same buffer and incubated at 37°C
for 20 min to remove endogenous dopamine (31,32). The homoge-
nate was centrifuged at 14,000 rpm for 20 min and the pellet was
resuspended in the same buffer for the following binding assay.

In Vitro Binding Assay

The membrane preparations (100 ul) were incubated with 50 ul
[**1JR(+)-FIDA2 and 50 ul of buffer at 37°C for 30 min. For
assays with Sf9 cell membrane preparations, 2-4 ug of protein per
sample were used, whereas assays involving tissue homogenates
required 10-20 ug of protein per sample. Nonspecific binding was
determined in the presence of 10 uM of spiperone. After the
incubation period, 5 ml of wash buffer (25 mM Tris-HCl, pH 7.4)
were added to the samples to stop the reaction and a Brandel
(M24-R) cell harvester (Brandel, Gaithersburg, MD) was used for

1283



filtration through glass fiber filters (pretreated with 1.0% polyeth-
ylenimine). The filters were counted in a gamma counter (Packard
5000, Packard Instrument Co., Downers Grove, IL) with 70%
efficiency.

Ex Vivo Autoradiography

Male Sprague-Dawley rats (200-225 g) received an intravenous
injection containing 0.5 mCi (0.1 ug) of [**I]R(+)-FIDA2 under
ether anesthesia. At 60 min postinjection, the rats were killed by
cardiac excision while under ether anesthesia. The brain was
rapidly removed, placed in OTC embedding medium (Miles Lab-
oratory, Elkhart, IN) and frozen with powdered dry ice. After
attaining equilibration at —20°C, consecutive 20-um coronal sec-
tions were sliced using a cryostat microtome (Hacker Instru-
ments, Fairfield, NJ) and thaw mounted on acid washed, gelatin-
coated microscope slides. These slides, along with % standards
(Amersham, Arlington Hills, IL), were exposed to x-ray film in an
autoradiographic cassette for 15 days and developed using an
automatic processor. For blocking studies, rats were pretreated
with spiperone, 10 mg/kg, i.p. 30 min prior to ['*IJR(+)-FIDA2
injection, and the brain sections thus obtained were processed
similarly to those of the control rats. The autoradiograms were
digitized using an image analysis program (NIH Image, version
1.47).

Anesthesia Procedure

Eight male cynomolgus monkeys (~5 kg) were the subjects of
20 SPECT imaging studies. Most of the animals underwent repeat
imaging with at least one control experiment per monkey. In
addition, an MR image of each monkey’s brain was obtained.

Fasted animals were immobilized with ketamine (10-20 mg/kg,
intramuscularly) and xylazine (2-3 mg/kg, intramuscularly) and
maintained on a 1.5% isoflurane/98.5% oxygen mixture via an
endotracheal tube. For MR image acquisition, only ketamine and
xylazine were used. Glycopyrrolate (10 ug/kg, subcutaneously),
an anticholinergic drug that does not cross the blood-brain barrier,
was administered at the beginning of the study to decrease diges-
tive and respiratory secretions. Vital signs were monitored
throughout the study, and core body temperature was maintained
by blankets circulating warm water. An intravenous perfusion line
with 0.9% NaCl was used to administer the radiotracer and non-
radioactive drugs into the saphenous vein. This line was main-
tained throughout the study. The head was immobilized with a
“‘bean bag” which hardens on evacuation.

SPECT Data Acquisition

Twelve control experiments and eight displacement experi-
ments, in which nonradioactive compounds were administered 90
min postinjection of radiotracer, were performed.

Sequential dynamic SPECT scans were acquired immediately
with an intravenous injection of tracer on a triple-head camera (7
mm FWHM) equipped with fanbeam collimators. Scan lengths for
these experiments were 10 min over a period of 180 min. The
acquisition parameters were a 20% energy window at 159 keV,
120 projection angles over 360°, a 128 x 128 matrix, and a zoom
factor 1.78 in a slice thickness of 2 mm. The projection data was
reconstructed with a count dependent three-dimensional Wiener
filter. Chang’s first order correction method was used to compen-
sate for the 2 photon attenuation.

Kinetic analysis was performed on regions of interest (ROIs)
which outline the right and left basal ganglia, occipital cortex,
frontal cortex, cerebellum and eye orbits. The ROIs were posi-
tioned by reference to a monkey brain atlas and the activity
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TABLE 1
In Vitro Binding of lodine-125-R(+)-FIDA2 to Dopamine
D2/D3 Receptors
S Celis Rat basal
D2g D2, D3 forebrain
Ks(nM) 0.11 +004 0.11+008 004 +0.01 0.08=+0.04

['2%])R(+)-FIDA2 was incubated with the membrane preparations for
30 min at 37°C. Nonspecific binding was determined in the presence of
10 uM of spiperone. Data is expressed as mean + s.d.

distribution, and were confirmed by comparison with MR images.
The ROI template was applied to the images acquired throughout
the study. The activity is expressed as average cpm/pixel and the
rates of washout of brain activity were determined for the 60 min
period following peak basal ganglia levels as % control.

Pharmacological Selectivity

Displacement experiments in which nonradioactive com-
pounds were injected 90 min after ['2IJR(+)-FIDA2 injection
(<0.1 pg) were designed to show dopamine D2/D3 receptor se-
lectivity, as well as to establish the in vivo pharmacological profile
of ['®I]R(+)-FIDA2 binding in the basal ganglia area. The first 90
min of the displacement experiments employed exactly the same
conditions as the control experiments, therefore, these data were
analyzed as control data. In order to determine that R(+)-FIDA2
is selective for dopamine D2-like receptors, doses of raclopride
(1.3 mg/kg) and haloperidol (0.04 mg/kg) were used as displacers.
R(+)7-OH-PIPAT (1 mg/kg) (33), a selective ligand for dopamine
D3 receptors and the high affinity state of D2 receptors, was also
used as a competing compound. SCH23390 (1.25 mg/kg), a dopa-
mine D1 receptor antagonist, ketanserin (0.9 mg/kg), a 5-HT,/5-
HT, antagonist, and scopolamine (0.007 mg/kg), a muscarinic
receptor antagonist, were used to show the specificity of R(+)-
FIDA2.

Magnetic Resonance imaging

Magnetic resonance images were acquired on anesthetized
monkeys with the same headholders used in the SPECT studies.
An image of each animal’s brain was obtained. Spoil gradient
images of 1-mm thick sections were acquired using a TR of 35 and
a TE of 5 msec with a 1.5 T instrument.

RESULTS

In Vitro Binding of lodine-125-R(+)-FIDA2 to Dopamine
D2 and D3 Receptors

Iodine-125-R(+)-FIDA2, a benzamide derivative,
showed similar binding properties for dopamine D2 and D3
receptors expressed in Sf9 cells (Table 1). The D2 receptor
has been found to exist in two forms, D2 4,5, and D25
which are splice variants of a common gene (34) that differ
by a 29 amino acid sequence. Iodine-125-R(+)-FIDA2 dis-
played a similar affinity for both forms, having a K; of 0.11
nM at the D2, receptor and a K, of 0.11 nM at the
D2snorty receptor. In insect cells expressing the dopamine
D3 receptor, a K, value of 0.04 nM was obtained (Table 1).
Another benzamide derivative, NCQ298, which is a selec-
tive D2/D3 antagonist, has comparable affinities in the in-
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Caudate-
Putamen

Olfactory
Tubercle

Control Pretreated with spiperone

FIGURE 1. Exvivo of rat brain coronal sections
60 min postinjection of 0.5 mCi of ['2%{)R(+)-FIDA2. (A) Control. (B)
Pretreated: animals received 10 mg/kg intraperitoneally spiperone
30 min prior to ['2%I)R(+)-FIDA2 injection.

fected cell lines. The number of receptor sites labeled with
R(+)-FIDA2, however, is lower than that labeled with
NCQ298 under similar assay conditions (data not shown).
Further experiments must be performed to provide a pos-
sible explanation for this phenomena.

In the basal forebrain (a region containing the caudate-
putamen, nucleus accumbens and olfactory tubercle), the
affinity of ['*I]R(+)-FIDA2 is 0.08 nM, which is consistent
with the value (Ky = 0.02 nM) previously reported in
striatal homogenates (29). Similar to other benzamide de-
rivatives, R(+)-FIDA2 requires the presence of NaCl in
order to bind to dopamine D2-like receptors; however,
R(+)-FIDA2 will retain its binding properties in much
lower NaCl concentrations than other benzamides (data
not shown).

Ex Vivo Autoradiography

Ex vivo autoradiography was used to evaluate the
cerebral regional distribution of ['*IJR(+)-FIDA2 in
rats. At 60 min postinjection, the autoradiograms
showed the compound to be localized in the caudate-
putamen, nucleus accumbens, olfactory tubercle and
substantia nigra (Fig. 1). These areas are known to have
a high density of dopamine D2-like receptors. Very low
levels of nonspecific binding were observed in brain
regions lacking dopamine receptors. Pretreatment with
spiperone (10 mg/kg intraperitoneally), a potent dopa-
mine D2-like (and 5-HT,) receptor antagonist, showed
blocking of specific uptake of ['*IJR(+)-FIDA2, indi-
cating that these compounds are competing for the same
binding sites.

in Vivo SPECT Imaging Studies Using
lodine-123-R(+)-FIDA2

SPECT images showed that activity was localized in the
basal ganglia. The frontal pole, occipital pole, cerebellum,
eye orbits and midbrain, including the hypothalamus, were
also examined, but activity did not localize in these areas
(Fig. 2). Reference to MRI scans and the monkey brain
atlas confirmed the anatomical regions. The camera reso-
lution prevented identification of individual structures in
the basal ganglia and in the midbrain.

The activity reached peak levels in the basal ganglia in
11.5 = 5.8 min (n = 19) postinjection. The target-to-non-
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FIGURE 2. Transaxial SPECT images of monkey brain acquired
90-120 min following the injection of 7.3 mCi ['2|)R(+)-FIDA2. All
images are normalized to maximum pixel.

target ratio reached 8.1 (n = 9) at 3 hr postinjection (Ta-
ble 2). Iodine-123-R(+)-FIDA2 displayed an average wash-
out rate of 27.9% = 6.3%/hr (n = 19) from the basal ganglia
and 67.7% + 14.4%/hr (n = 19) from the cerebellum when
the activity was measured from peak levels for 60 min
postinjection. The average washout rates from the basal
ganglia and the cerebellum were 11.4% + 3.9%/hr (n = 9)
and 4.32% = 2.2%/hr (n = 9), respectively, when measured
from 90-150 min following tracer injection.

A series of displacement studies were conducted to de-
termine the reversibility and selectivity of R(+)-FIDA2
binding. Because of intersubject variability, the washout
rates of activity from the basal ganglia starting at 90 min
postinjection of tracer for a control study and a displace-
ment study in one animal were compared (Fig. 3). The
injection of raclopride, haloperidol and cold R(+)-FIDA2,
all selective D2-like antagonists, produced washout rates
of 34.1%/hr, 38.8%/hr and 33.1%/hr, respectively, from the
basal ganglia. These rates are much higher than the wash-
out rates of 6.7%/hr, 10.7%/hr and 10.6%}hr, respectively,
produced in control studies. The change in washout rate
indicates that ['*I]JR(+)-FIDA2 was displaced because of
competition between the tracer and cold compound at the
binding sites (Fig 4). R(+)7-OH-PIPAT binds to D2 recep-
tors in the high-affinity state and D3 receptors (35). The
introduction of R(+)7-OH-PIPAT or ketanserin, a
5-HT,/5-HT, antagonist, at 90 min postinjection of

TABLE 2
Basal Ganglia/Cerebellum of lodine-123-R(+)-FIDA2 SPECT
Monkey Imaging Studies

Time Basal Ganglia/Cerebelium n
Peak 1.15 £ 0.37 20
1hr 341 + 0.86 19
2hr 632+29 9
3br 814+ 48 9
Data is expressed as mean + s.d.
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FIGURE 3. (A) Control SPECT imaging study in monkey brain
following an ['21]R(+)-FIDA2 injection (7.3 mCi, i.v.). (B) A displace-
ment SPECT imaging study in which raclopride (1.3 mg/kg, intrave-
nously), a dopamine D2/D3 receptor antagonist, was injected 90 min
postinjection of ['2IJR(+)-FIDA2 (7.0 mCi, i.v.). The same monkey
was used for both studies. A relative radioactivity measurement was
obtained for the basal ganglia and the cerebellum.

["®I]JR(+)-FIDA2 did not dramatically alter the tracer
washout rate from the basal ganglia. In addition,
SCH23390, a dopamine D1 antagonist, or scopolamine, a
muscarinic antagonist, did not affect tracer clearance.
Basal ganglia washout rates of 20.5%/hr (control) versus
20.1%/hr following the addition of SCH23390 and 13.0%/hr
prior to scopolamine administration compared to 12.7%/hr
following treatment were observed. Iodine-123-R(+)-
FIDA?2 is displaced by compounds that are selective for
D2-like receptors, indicating reversible and selective bind-
ing at these sites.

DISCUSSION

The use of in vivo techniques to image dopamine D2-like
receptors is advantageous because it is a noninvasive pro-
cedure that can be used as a diagnostic tool as well as a
way to evaluate receptor occupancy and the efficacy of
treatment. Neuroleptic drugs are dopamine antagonists
that are believed to be therapeutically active because of
dopamine D2 receptor blockade. Recently, with the clon-
ing of the dopamine D3 and D4 receptors, it has been
proposed that neuroleptics may be efficacious because of
activity at dopamine D3 or D4 receptors (5). Both PET (36)
and SPECT (37) techniques can be used in schizophrenic
patients to monitor receptor occupancy and subsequently
titrate the levels of neuroleptics or to change to an alter-
native medication.

R(+)-FIDA2, which contains a N-p-fluorobenzyl substi-
tution group on the pyrrolidine ring, has a high affinity for
dopamine D2-like receptors. Although the high affinity for
dopamine D2/D3 receptors is consistent with other benza-
mide derivatives, which have N-ethyl groups on the same
pyrrolidine ring, R(+)-FIDA2 displays several unique
characteristics. Normally, benzamides with N-ethyl sub-
stitutions display higher affinity to dopamine D2 and D3
-receptors with the S(—) isomer (38). In contrast, the R(+)
isomer is the preferred configuration for FIDA2, displaying
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FIGURE 4. A series of SPECT monkey brain imaging displace-
ment studies after intravenous injection of ['21JR(+)-FIDA2 (5-9
mCi). At 90 min postinjection, a cold compound was intravenously
injected. Each animal had at least one control study in which no
displacer was injected and [‘”I]R(+)—FIDA2 clearance from the
basal ganglia in the control and studies were com-
pared. (A) Haloperidol was used to compete with ['2)R(+)-FIDA2.
(B) Cold R(+)-FIDA2 was injected to determine the reversibility of
['Z2NR(+)-FIDA2 binding. The selectivity of [I-123]R(+)-FIDA2 for
dopamine D2-like receptors was determined by competition with (C)
SCH23390, (D) scopolamine and (E) ketanserin. (F) R(+)7-OH-
PIPAT, a compound which binds to dopamine D2 receptors in the
high-affinity state and D3 receptors, was used in a competition study.

a K value of 80 pM in rat basal forebrain. A characteristic
of benzamide binding to dopamine D2 receptors, such as
epidepride with a N-ethyl substitution, is NaCl sensitivity
(39). The affinity of dopamine D2 receptors for agonists
and substituted benzamide antagonists varies according to
the conformational state of the receptor. S(—)-epidepride
potency is greatly reduced in the presence of 40 mM NaCl
(14). Although R(+)-FIDA2 requires NaCl for specific
binding to D2 receptors, it binds with comparable potency
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in the presence of either 40 mM NaCl or 120 mM NaCl.
This reduced sensitivity to NaCl is consistent with other
non-benzamide dopamine D2 receptor antagonists, such as
spiperone (39). Finally, it is reported that raclopride binds
poorly to dopamine D4 receptors (K; = 240 nM) (5). Pre-
liminary data indicated that [**I]JR(+)-FIDA2 binds po-
tently to dopamine D4 receptors with a K value of 0.2 nM
(unpublished data).

The N-benzyl substitution on the pyrrolidine ring ap-
pears to change the stereoselectivity from S(-) to R(+)
isomer. The change of steric preference appears to be
associated with higher binding affinity to dopamine D4
receptors. It is interesting to note that another N-benzy-
lated benzamide derivative, YM-09151-2, displays high af-
finity to dopamine D4 receptors, as well as to the dopamine
D2 and D3 receptor subtypes (40). It may be reasonable to
predict that tropapride (41 ) and other N-benzyl-substituted
benzamide derivatives (42) may also display equal potency
to all dopamine D2-like receptor subtypes. In contrast,
epidepride, IBF and IBZM, the N-ethyl-substituted benza-
mides, do not display a high affinity for dopamine D4
receptors (unz?ublished data). Whether this will detract
from using ['®I]R(+)-FIDA2 as an imaging agent remains
to be seen.

Ex vivo autoradiography showed that ['?IJR(+)-FIDA2
localized in areas rich in D2-like receptors. In situ hybrid-
ization studies in the rat brain have shown that mRNA for
dopamine D2 receptors is heavily localized in the striatum,
nucleus accumbens, and olfactory tubercle (43). Dopamine
D3 receptor mRNA is found mainly in the islands of Calleja
and the nucleus accumbens, with minimal detectable levels
in the caudate-putamen (43). Dopamine D4 receptor
mRNA is also not localized in the caudate-putamen, how-
ever, levels of D4 mRNA are highest in cortical and limbic
regions (5). The ex vivo autoradiograms of ['*IJR(+)-
FIDA2 show high activity in regions consistent with high
mRNA levels of D2-like receptors, such as the caudate-
putamen, nucleus accumbens and olfactory tubercle, with
low nonspecific binding in other brain regions.

In vivo SPECT imaging studies indicated that ['*I]R(+)-
FIDA2 localized in the basal ganglia, a brain region rich in
dopamine D2-like receptors. In addition, [2IJR(+)-FIDA2
has a better target-to-nontarget ratio than IBF or IBZM of
3.4 versus 2.1 or 1.6, respectively, at 1 hr postinjection and
6.3 versus 2.9 or 1.4, respectively, at 2 hr postinjection
(16).

High affinities of R(+)-FIDA2 for dopamine D2-like re-
ceptors have been observed. R(+)-FIDA2 also displays
reversible binding in vivo during the course of the imaging
studies. In comparison, other ligands which have a high
affinity for dopamine D2-like receptors, such as N-methyl-
spiperone do not display reversible binding. The rapid up-
take and reversible binding displayed by ['2IJR(+)-FIDA2
make it amenable for use in three-compartment or equilib-
rium models in conjunction with either SPECT or PET
imaging. It is likely that R(+)-FIDA2 binding to the D2-like
receptors will be less sensitive to the level of endogenous
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dopamine. The possibility of displacement by increased
endogenous dopamine levels produced by d- amphetamine
treatment remains to be investigated (44).

Iodine-123-R(+)-FIDA2 can be displaced in vivo by
raclopride, haloperidol and R(+)-FIDA2, which are com-
pounds having a high affinity for dopamine D2-like recep-
tors, but SCH23390, a dopamine D1 selective antagonist,
did not affect ['2IJR(+)-FIDA2 binding. R(+)7-OH-PIPAT
(33), a compound which binds to dopamine D2 receptors in
the high-affinity state and dopamine D3 receptors, did not
significantly displace ['2IJR(+)-FIDA2 binding in vivo.
These results are consistent with preliminary in vitro au-
toradiographic studies with ['*IJR(+)-FIDA2 and R(+)7-
OH-PIPAT which suggest that competition at R(+)-FIDA2
binding sites does not appear to be significant. It may be
possible that R(+)7-OH-PIPAT is not able to displace the
binding of a high-affinity antagonist, such as R(+)-FIDA2.
An alternative explanation may be that the number of D2
dopamine receptors in the high-affinity state and D3 dopa-
mine receptors that are occupied by ['ZI]R(+)-FIDA2 is
very small, so competition at these sites does not appear to
significantly affect ['*I)R(+)-FIDA2 binding. Additional
experiments are needed to fully characterize the relation-
ship of selective dopamine D2-like receptor ligands for in
vivo binding and displacement. ’

Blocking muscarinic receptors with scopolamine or
5-HT, receptors with ketanserin did not influence the ki-
netics of ['2IJR(+)-FIDA2. Previously, Dewey et al. has
shown in separate experiments in primates using ''C-raclo-
pride and PET imaging techniques that both compounds
increase the basal ganglia washout of *C-raclopride (45).
R(+)-FIDA2, however, has over a hundredfold greater
affinity for dopamine D2/D3 receptors than raclopride,
making it less susceptible to competition. Displacement by
selective dopamine D2-like receptor compounds, in addi-
tion to the lack of an effect by nondopamine selective
compounds, demonstrates the in vivo specificity of
[*21]R(+)-FIDA2.

CONCLUSION

In vitro binding studies demonstrate that ['ZI|R(+)-
FIDA2 has a high affinity to dopamine D2 and D3 receptors
expressed in cell lines and in native tissues. Ex vivo auto-
radiographic studies confirmed the specific binding of
['1]R(+)-FIDA2 to brain regions containing a high den-
sity of dopamine D2-like receptors. In vivo SPECT imag-
ing studies have shown the advantages of ['ZIJR(+)-
FIDA2 over other dopamine D2-like receptor imaging
agents. This agent may be a useful ligand for SPECT and
PET imaging of CNS dopamine receptors.
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