
he dopamine transporter (DAT), located on the presyn
aptic dopamineneuron,is the principalmechanismfor
regulating synaptic dopamine levels in the synaptic cleft.
The majority of dopamine is taken up into the neurons by

this processand is repackaged into presynaptic vesicles to be
released in the next neurotransmission signal. The striatum

is a dopamine-richregion and consequentlyhashigh densi
ties of DAT (1). As a result of its significant role in dopamine
regulation, DAT is a targeted site for various psychoactive
drugs, including methylphenidate, cocaine and amphet
amines (2). Most radiopharmaceuticals that target DAT have
been labeled with positron-emitting isotopes (3) or the
relatively expensive single-photon emitter 1231(4â€”6).The
growing interest in imaging studies on the dopaminergic
system, particularly of the presynaptic site, DAT, and the
availability of 99mTc in every clinical nuclear medicine
facility have led to efforts to develop 99mTc@labeledligands
that are suitable as routine imaging agents for SPECT. The
use of 99mTcbasedsmall molecules as site-specific imaging
agents has been reviewed (7) and several @Â°â€˜Tc-labeled
tropanes have been reported (8â€”11).[99mTc]TRODAT@1
(technetium, [2-[[2-[[[3-(4-chlorophenyl)-8-methyl-8-
azabicyclo[3,2,1]oct-2-yl]methyll(2-mercaptoethyl) amino

]ethyl]amino]ethanethiolato (3-)]- oxo-[ 1R-(exo-exo)]), a
novel 99mTc4abeledtropane derivative, was initially evalu
ated and characterized as a potential imaging agent for DAT
(10, 12). Further pharmacological characterization of in vivo
binding of [99mTc]TRODAT..1demonstrated that the binding
of this new 99mTccomplex in the brain was associated with
DAT (13).

The postsynaptic dopaminergic receptors, dopamine D2/D3
receptors, have been studied in vivo using SPECT with
[123ljiodobenzamide (IBZM) (14) or [â€˜23I]iodobenzofuran
(IBF) (15). Both iodinatedligandshave beenshownto bind
reversibly with high affinity and high specificity to striatal
D2/D3 receptors (16). Using [â€˜23I]IBFor [â€˜23I]IBZMin
conjunction with SPECT, researchers have evaluated the
status of the D21D3 receptors in a wide variety of diseases
(14,17,18).

It isgenerallyrecognizedthatimagingpre-andpostsynap
tic sites of the dopaminergic system is important for
understandingthe statusof the dopaminergicsystemand
that the images provide critical information for patient

The central nervous system dopamine transporters (DAT5)and
dopamine D@/D3receptors are implicated in a variety of neuro
logical disorders. Both sites are also targets for drug treatment.
With the successful development of [@Tc]TRODAT-1, single
isotope imaging studies using this ligand for DAT imaging can
be complemented by additional use of 1231-IabeledD@/D3re
ceptor ligand co-injected to assess both pre- and postsynaptic

., sites of the dopaminergic system simultaneously. Methods:

TwelveSPECTscans of the brainwere obtained in two baboons
after intravenous administration of 740 MBq (20 mCi) [@â€˜Tc]
TRODAT-1 (technetium, [2-[[2-[[[3-(4-chlorophenyl)-8-methyl-8-
azabicyclo[3,2,ljoct-2-yl]methyl](2-mercaptoethyl)aminojethyl]
amino]ethanethiolato(3-)]- oxo-[1R-(exo-exo)])and 185 MBq (5
mCi) [1@l]iodobenzamideor [1@l]iodobenzofuran.SPECT data
were acquired by a triple-head gamma camera equipped with
ultra-high-resolutionfanbeam collimators (scan duration = 210
mm). Two sets of SPECT data were obtained using energy
windows of 15% centered on 140 keV for @Tcand 10%
asymmetric with a lower bound at 159 keV for 1231.After
coregistration with MRI, region-of-interest analysis was per
formed using predefined templates from coregistered MRI. In
blocking studies, baboons were pretreated with N-methyl-2@3-
carbomethoxy-3@3-(4-fIuorophenyl)tropane(CFT,14 mg)or raclo
pride (14 mg) to block DAT or DID3 binding site, respectively.
Results:Imagequalityofdual-isotopestudieswassimilartothat
obtainedfrom single-isotopestudies.Whenone sitewas blocked
withCFTor raclopride,thebindingoftherespectiveligandtothe
othersite was notaffected.Conclusion: This is the first example
that clearly demonstratesthe feasibilityof simultaneousimaging
of bothpre-and postsynapticsitesof the dopaminergicsystemin
baboons with dual-isotope SPECT studies. With or without
correctionsfor cross-contaminationof 1231into the @â€œTcwindow,
striatum-to-cerebellum ratios (target-to-nontarget) of dual
isotope experiments did not differ significantly from single
isotope experiments. This method may be a valuable and
cost-effectivetool for gaining comprehensiveinformationabout
the dopaminergicsystemin one SPECTimagingsession.
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management. It is possible to achieve this by using 1231..
labeled compounds in two separate sessions. The limitation
of this is that two scansmust be separatedby several days to
allow the radioactivity of the first scan to decay. During that
interval, the patient's condition and medication may have
changed and the patient will most likely be in a different
positiononthetable.Manypatients,particularlypsychiatric
patients, may have difficulty lying still for SPECT data
acquisition. Dual-isotope studies would reduce by half the
time spent on the table compared with two scansperformed
independently, and costs would be minimized. Simultaneous
assessment of pre- and postsynaptic binding sites of the
dopaminergicsystemcanfacilitate thediagnosisof adisease
involving the dopaminergic system. The simultaneous SPECT
study can avoid the pitfalls mentioned previously, therefore,
full information about the status of the DAT and D2/D3
receptors would be obtained in one SPECT imaging setting
with images that are in accurate spatial registration to each
other. The images of each energy window are in anatomic
registration within 1 mm. Therefore, the influence on data
analysis from placement of regions of interest (ROIs) from
studies performed on different days can be eliminated.
Motion artifacts can also be reduced using the dual-isotope
approach. These studies can be performed in most nuclear
medicine facilities with commercially available gamma
cameras.

There is a clear advantage to investigating DAT and D21D3
receptors using dual-isotope imaging studies with [99mTc]@
TRODAT-1 and [â€˜23I]IBFor [1231]IBZM. It has been shown
that dual-isotope imaging with 99mTcand 1231is feasible and
informationfrombothradionuclidescanbeacquiredsimul
taneously from appropriately selected energy windows (19â€”
21). The objective ofthis study was to evaluate this approach
in vivo using [99mTc]TRODAT4and [1231]IBF/[1231]IBZMto
simultaneouslyimageDAT and D2/D3receptorsin healthy
baboons. Additionally, the baboons were pretreated with
N-methyl-2@3-carbomethoxy-3@3-(4-fluorophenyl)tropane
(CFT; also known as WIN 35,428) or raclopride to block
pre- or postsynaptic dopamine binding sites, respectively,
and thereby to mimic conditions that may occur in patients
displaying a loss of either DAT or D21D3receptors.

MATERIALS AND METHODS

Radiopharmaceuticals and Drugs
Preparationof[@â€•Tc}TRODAT-l,[â€˜23I]IBFand[â€˜23I]IBZMwas

performed according to methods published previously (12,22,23).
CF7fwas synthesized in our laboratory. Raclopride was purchased
from ResearchBiochemicals (Natick, MA).

Animals
A series of 12 SPECT scans was performed on two female

baboons(Papio anubis) under protocols approvedby the local
animal care committee and consistent with guidelines of the
NationalInstitutesof Health.Theintervalbetweeneachsuccessive
study was at least 2 wk. After fasting overnight, animals were
immobilized with an intramuscularinjection of Saffan (1 mg/kg)
(0.9% w/v alfaxalone,0.3% alfadoloneacetate;Pittman-Moore,

Middlesex, UK). During the scanningprocedure,anesthesiawas
maintained by intravenous (tibial vein) infusion of a solution of
Saffan (2.4 mg/mL) at a rate of 45 mL/h. Passive inhalation of
oxygen (1.5 IJmin) was also maintained to keep the oxygen
saturation >95%. An additional intravenous line in a superficial
brachial vein was usedfor hydration (0.9% physiological saline
solution, 5 mL/kg/h), as well as for ligand administration. A
cylindrical polycarbonatepositioning device equipped with a
customized foam head-holder enabled reproducible placement of
the animal in the SPECT camera. The core body temperature was
maintained using a circulating warm water pad maintained at 37Â°C.
A single-bolusinjection of [@â€˜Â°Tc]TRODAT-land [â€˜231]IBF(or
[â€˜23I]IBZM)was administered immediately before each scan with a
meanbolusinjectionof 729.64Â±45.88MBq (19.72Â±1.24mCi)
[99mTc]ThODAT1and 183.89Â±19.61MBq (4.97 Â±0.53 mCi)
[â€˜23I]IBF(or [â€˜231]IBZM).A total of eight blocking studies were
performed; four with the additional injection of raclopride (1
mg/kg) and another four with the additional injection of CFT (1
mg/kg). These compounds were injected 5 mm before the adminis
trationof theradiopharmaceuticals.

Image Acquisition and Processing
For SPECT image acquisition, we used a triple-head gamma

camera equipped with ultra-high-resolution fanbeam collimators
(Picker Prism 3000S, Picker International, Cleveland, OH). The
acquisition parameters comprised a rotational radius of 14 cm, a
15%energywindowcenteredon 140keV anda 10%asymmetric
energy window with a lower bound at 159 keV, 120 projection
anglesover 360Â°and a 128 X 128 matrix with a pixel width of 2.11
mm in the projection domain. Data collection started 20 mm after
injection.Three10-mmscans(15 s/step)followedby two40-mm
scans(60 s/step)were obtainedover a total of 210 mm. The
projectionimageswerereconstructedby filteredbackprojection.
Then a three-dimensional, count-rate dependent postprocessing
filter (Wiener filter, Picker International) with a modulation
transformer function specific to both @mTcand 1231was applied.
For uniform attenuation correction, Chang's first-order method was
used. MR images were acquired on a 1.5-T instrument (General
Electric Medical Systems, Milwaukee, WI) using a repetition time
of 3000 ms and echo times of 30 and 80 ms with 5-mm spacing that
produces0.97 x 0.97 X 1 mm voxels.Sliceswere interleavedso
that there was no interslice gap. The MR images were resized and
reslicedin planesparallelto theonecontainingtheanteriorand
posterior commissures. ROIs for the nucleus caudate and the
putamen were drawn directly onto the MR image inside the outer
edgeof each structure to minimize the effects of volume averaging.
Coregistration of the SPECT scans and the MRI was achieved
using a customized software package developed to rotate and
translateeachSPECTscanwith respectto a fixed MRI dataset.
Fusion images of the SPECT and MR images were generated to
visually validatethe accuracyof the coregistrationin the sagittal,
coronalandtransverseplanes.To assessspecifictraceruptakein
the striatum, we usedthe ROI template created with the MM. Mean
specific uptake in the striatum region (STR) was calculated by
subtracting the mean counts per pixel in the cerebellum as
background(BG)fromthemeancountsperpixelin theSTRand
dividing theresultby themeancountsperpixel in theBG, (STR â€”
BG)/BG.Uptakevalueswereexpressedascorrectedvaluesonthe
basis of the results of the phantom studies for cross contamination.
The @â€œ@Tcscanswerecorrectedfor down contaminationof 1231by
subtracting 14.9% of the 1231counts. 1231scans were corrected by
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subtracting0.54% of the @mTccounts.For statisticalanalyses,
analysisof variance(ANOVA),regressionanalyses(least-squares
method) and the Student t test were used. Monoexponential or
linear fitting was applied to all data. Data were considered to be
statistically significant with a P value of <0.05. Results were
comparedwith single-isotopeSPECTscansof [99mTc]ThODATI,
whichwereacquiredpreviously.

RESULTS

A total of 12 dual-isotope SPECT studies were performed:
4 control studies, 4 studies with pretreatment of CFT and 4
studies with pretreatment of raclopride. Preliminary studies
indicated that no statistically significant difference was
observedfor [99mTc]TRODAT.iin both dual-isotopeand
single-isotope scans (data not given). The average specific
uptake values for [99mTc]TRODAT@l at 210 mm after
injection were 2.18 Â±0. 11. The slope of the uptake curves
did not show any significant differences between single- and

dual-isotope experiments, and the uptake ratios correlated
well (0.95). Figure 1 displays typical SPECT scans of
[â€˜231]IBFand [99mTc]TRODAT4 at 170â€”210mm postinjec
tion and the coregistered MR images. Similar scans of
dual-isotope studies with [1231]IBZMand [99mTc]TRODAT..l
were observed (data not given). Both SPECT scans show
normal uptake and homogeneous binding of the radiophar
maceutical to the binding site of the baboon striatum.
Specific uptake of [â€˜231]IBFwas calculated as 9.59 Â±0.77
and of [â€˜231]IBZMas 2.91 Â±0.19. Under pretreatment with
raclopride ( 1 mg/kg), a specific blocker for D21D3receptors,
the specific binding of [1231]IBF in the nucleus caudate
putamen area of the baboons was dramatically diminished
(Fig. 2A), while the simultaneously acquired scanof [99mTc]..
TRODAT-l remained unchanged (Fig. 2B). Similar results
were observed for [1231]IBZM scans under pretreatment with

raclopride (data not given). The semiquantitative analysis
revealed a comparable specific uptake value for [99mTc]@
TRODAT-l (reflecting DAT uptake) in normal andraclopride
treated baboon studies (Fig. 3A), whereas the specific uptake
for [1231]IBF or [â€˜23I]IBZM,unlike the untreated ratios,

FIGURE1. Dual-isotopeSPECTscanwith
[@Tc]TRODAT-1and [1231]IBF170â€”210mm
postinjection. (A) [1231]IBFcoregistered to Ti -
weighted MR image in sagittal, transverse
and coronalviews displays normalbindingof
ligand to dopamine D@/D3receptors. Specific
binding of 9.6 is demonstrated. (B) [@Tc]
TRODAT-1coregistered to Ti -weighted MR
image in sagittal, transverse and coronal
viewsrevealsregularbindingof radiopharma
ceutical to DAT. Specific binding is 2.2 for
crosstalkcorrectedimage.

increased only slightly over time, resulting in a markedly
diminished specific binding of 1.02 Â±0.03 and 0.68 Â±0.05
for [â€˜23I]IBFand [123I]IBZM, respectively (Fig. 3B), in
raclopride-treated baboons. The results of pretreatment with
CVF are shown in Figure 4 for the presynaptic receptor
99mTc4abeledcompound and for the postsynaptic 1231..
labeled compounds (IBF and IBZM, respectively). Because
of the high nonspecific binding of [@Tc]TRODAT-l com
pared with [123I]IBF, the blockade of the DAT binding sites
does not reveal an â€œemptyshellâ€•image like the one of

[â€˜231}IBFin a raclopride-pretreatedbaboon. However, the
SPECTimagesof the 99mTcwindow revealeda remarkable
reduction of specific uptake of [99mTc]TRODAT..l with a
specific uptake value of 0.32 Â± 0.06 for the crosstalk
corrected scans at 210 mm postinjection (Fig. 5). The
specific uptake ratio curve of CFF-treated studies increases
only slightly over time, suggesting the blockade of specific
binding of [99mTc]'fl@ODAT4 to DAT. This result is in
concordance with the effect of CFT pretreatment on [@Tc]
TRODAT- 1 binding to DAT in rats (24). The binding of
[123I]IBF (or [â€˜23I]IBZM)to D2/D3 receptors in CFF
pretreatedbaboons,as shown in Figure SB, however, does
not significantly differ from the scans without any pretreat
ment.

DISCUSSION

The dual-isotope SPECT imaging performed in this study
in baboons provided similar information and image quality
as the corresponding single-isotope studies. We also used the
additional pretreatment of drugs that are known to selec
tively block one binding site to mimic the loss of this site
with the other site remaining intact. The blocking studies
with CFT or raclopride, specific for DAT or dopamine D2/D3
receptors,respectively,indicatedthat there is no effect on
the radiopharmaceutical binding to the sites that were not
blocked. These findings are in concordance with the experi
mental phantom studies (data not given) and may represent
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FIGURE2. Dual-isotopeSPECTscanwith
[@â€œTc]TRODAT-1and [1@l]lBF 170â€”2i0mm
postinjection. Baboon was pretreated with
raclopride(1 mg/kg)5 mmbefore injectionof
radiopharmaceuticals.(A) [1@l]lBFcoregis
tered to Ti-weighted MR image in sagittal,
transverse and coronal views displays
marked reduction of specific binding of Ii
gand to dopamine D@/D3receptors.There is
almostno uptakevisible in striatalarea.Scan
reveals specific binding of i .02. (B) [@Tc]
TRODAT-i coregisteredto Ti -weighted MR
image in sagittal, transverse and coronal
viewsshowsregularbindingof radiopharma
ceutical to DAT as seen in Figure i B. Spe
cific binding is 2.i8 for crosstalk corrected
image.

FIGURE 3. Dual-isotopeSPECT studies
with [@mTcJTRODAT-iand [â€˜23l]IBF(or
[1@I]lBZM).Baboons were pretreated with
raclopride (1 mg/kg) 5 mm before injection
of radiopharmaceuticals.(A) Specific bind
ing is displayedfor dual-isotope[@â€œTc]
TRODAT-i SPECT scans corrected for
crosstalk for control baboons and baboons
that were pretreated with raclopride. Data
for blockingwith raclopridedoes not signifi
cantly differ from data obtained without
blocking. (B) Specific binding is displayed
for dual-isotope SPECT scans of [1@l]lBF
and [123l]IBZMin baboonswith and without
pretreatment with raclopride. Binding of
[1231]IBF(or [1231]IBZM)to dopamine D@/D3
receptorsis markedlydiminished.
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conditions that may appear in patients suffering from various
diseases.

There is considerableinterest in using in vivo imaging
techniques to study the dopaminergic system in the human
brain. Mozley et al. (25) found a strong correlation between
DAT density and age. A close relationship between striatal
[â€˜@I]N-(3'-iodopropen-2'-yl)-2@3-carbomethoxy-3@3-(4-chlo

rophenyl)tropane(IPT) or [123I]@3-(1R)-2@3-carbomethoxy-3@3-
(4-iodophenyl)tropane(CIT) bindingandclinical featuresof
patients suffering from Parkinson's disease was observed,
suggesting that this method can be used to objectively
follow the course and progression of the disease (5,26). The
potential of imaging the DAT will be further enhanced and
broadened with the availability of a 99mTc..labeled ligand,
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FIGURE4. Dual-isotopeSPECTscanwith
[@TclTRODAT-i and [1231]IBZMi70â€”2i0
mm postinjection. Baboon was pretreated
withCFT(i mg/kg)5 mmbeforeinjectionof
radiopharmaceuticals. (A) [1@l]IBZMcoregis
tered to Ti -weighted MR image in sagittal,
transverse and coronal views displays nor
mal and homogeneous specific binding of
ligand to dopamine D@/D3receptors. Scan
reveals specific binding of 2.93. (B) [@â€œTc
JTRODAT-icoregisteredto Ti -weightedMR
image in sagittal, transverse and coronal
views shows heterogeneous and markedly
reduced binding of radiopharmaceuticalto
DAT.Note relatively high nonspecific back
grounduptake,whichisvirtuallyindistinguish
able from any uptake in striatum area. Spe
cific binding is 0.32 for crosstalk corrected
image.

which may readily be used in every nuclear medicine
facility. There are numerous clinical advantages of [@mTc]@
labeled ligands compared with [â€˜231]-basedcentral nervous
system receptor imaging compounds. Most important, @Â°Tc
is the radionuclideof choicefor nuclearmedicinebecauseit

FIGURE 5. Dual-isotopeSPECT studies
with [@TcJTRODAT-i and [123I]IBF (or
[1@l]lBZM).Baboonswerepretreatedwith
CFT (i mg/kg) 5 mm before injection of
radiopharmaceuticals.(A) Specific binding
is displayed for the dual-isotope [@Tc]
TRODAT-1 SPECT scans corrected for
crosstalkwith andwithoutpretreatmentwith
CFT. Uptake is significantly reduced com
pared with SPECT scans in untreated ba
boons. (B) Specific binding is displayedfor
dual-isotopeSPECT scans of [1231]IBFand
[1@l]lBZMwith and without pretreatment
with CFT.CFT pretreatmentof baboonsdid
not affectbindingof [123l]IBFand [â€˜23l]IBZM.
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is readily available, is relatively inexpensive and gives lower
radiation exposure compared with 1231. It has been estab
lished by in vivo and in vitro studies that [@Tc]TRODAT-1
reliably assesses the DAT status of healthy baboons and
humans and yields high-contrast SPECT imaging at 2â€”3h
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after injection (10, 13). The recently completed phase I study
of [@mTc]TRODAT@ldemonstrated that this ligand is safe
and suitable for human imaging (27).

Studies of the dopamine D2/D3receptors with [123I]IBZM
SPECTimaginghavebeenperformedsince1988.Thereis a
wealth of information on its clinical applications based on
more than 150 articles published in the literature. Currently,
[â€˜@IIIBZMis commercially available in Europe, and [â€˜231]IBF
is undergoing phase III clinical trial in Japan. Because of
their potential clinical application in the future, we chose
these two D2/D3 receptor imaging agents for this study. It
was reported that the most effective use of [â€˜231]IBZM
SPECTstudiesis to differentiatethe idiopathicandnonidio
pathic parkinsonian syndrome (14). The occupancy of
dopamineD2/D3receptorsin schizophrenicpatientsunder
treatment with neuroleptics and its relationship with extrapy
ramidal side effects has been described in several studies
(17,18,28). The coexistence of both Parkinson's diseaseand
schizophrenia hasbeen reported. The comorbidity makes the
differential diagnosis difficult. These patients are usually
treated with neuroleptics that might cause the parkinsonian
syndrome by binding to the D21D3 receptor (18,29â€”31).
Simultaneous assessment of both sites of the dopaminergic
system will significantly simplify the correct diagnosis.
Furthermore,the involvementof thedopaminergicsystemin
many other diseases associated with movement disorders
has not yet been fully explored. It has been reported that in
patients suffering from Huntington's disease the function of
thedopaminergicsystemmight becompromised(32).Other
movement disorders, such as amyotrophic lateral sclerosis,
multiple sclerosis, multisystem atrophy, Wilson's disease
and progressive supranuclear palsy, have been evaluated for
alteration of either the dopamine transporter or D2/D3
receptor system (33,34). The simultaneous dual-isotope
imaging technique proposed in this article may provide an
even more powerful tool for improving the diagnosis of
these complex disorders.

In general, SPECT imaging with [@mTc]TRODAT@1gives
lower target-to-nontarget ratios (2â€”3)than 1231tropane
derivates (10â€”15for @3-CITand 1FF). This may be due to its
lower binding affinity to DAT and a faster in vivo metabo
lism (35). In addition, the down contamination of 123! into

the 99mTcwindow may further contribute to the high
background activity. It is important to note that the slope of
the uptakeandretentioncurveswith [@Tc]TRODAT-l did
not differ significantly between single- and dual-isotope
studies. The in vivo studies in primates further confirm the
results obtained from phantom studies. The cross contamina
tion of 1231into the @Â°â€˜Tcwindows is consistent over a wide
range of activities and therefore does not change relative
uptake ratios significantly. The target-to-background ratios
of the uncorrected images have shown a trend to be slightly
higher compared with the corrected data due to the contami
nation of the other isotope. However, this difference was not
statistically significant (P < 0.05). The loss of one binding
site (mimicked by drug pretreatment) can be imaged accu

rately in the presenceof unchanged binding of the other sites
in the striatum. The crosstalk corrections in each energy
window did not change the outcome measure significantly.

To our knowledge,thereis no previouslypublishedstudy
on simultaneous dual-isotope imaging of the dopaminergic
system. However, there are reports of studies using @mTc@
and 1231-labeledradiopharmaceuticals on cardiac imaging
(36) and brain blood-flow imaging (19â€”21,37).There is a
major difference between the blood-flow studies and the
specific binding site imaging presented in this article. The
distribution mechanisms of both agents used for the blood
flow studies are similar. Generally, they are nonspecific
simple diffusion mechanisms. The ligands used in this study,
however, target different sites, pre- and postsynaptic dopa
minergic binding sites, which are functionally distinct and
separated by the synaptic cleft about a few microns apart.
Thus, subtle changes in physiological conditions of one
binding site may or may not directly influence the other
binding site. The binding sites for [@mTc]TRODAT@1and
[â€˜231]IBF(or [â€˜231]IBZM)in the dopaminergic system are
functionally different, even though their localization in the
striatum is identical. Partial volume effects in SPECT
imaging are of importance, but it is expected that the effects
on 123!and @â€˜@Tcare similar. The net effects on the specific
binding ratios are not dramatically different between these
two isotopes. In contrast, the differences in blood-flow
images, for example, during monitoring cognitive activation
or measuring minor increases in regional cerebral blood flow
after stimulation, may be more subtle and not as characteris
tic and anatomically well defined as in SPECT scans of the
striatum (19).

In this study, no effort was made to obtain quantitative
kinetic information. The blocking studies were performed
using a relatively high blocking dose: raclopride (1 mg/kg)
and CET (1 mg/kg) for D21D3receptors and DAT sites,
respectively. One should view the data in this article as
preliminary proof of principle in using simultaneous dual
isotope SPECT to study pre- and postsynaptic dopamine
binding sites. A more detailed kinetic study, including a full
evaluation of input function and in vivo metabolites, will be
necessary to validate the quantitative aspect for the binding
site measurements. In addition, there will be shades of gray

(38) on changesof binding sites in normal and diseasestates;
therefore, a careful consideration of detection sensitivity of
this imaging technique is required. It is encouraging that

both of these issues have been addressed previously using
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CONCLUSION

We have demonstrated dual-isotope imaging of the dopa
minergic system using [99mTc]TRODAT.i and [â€˜231}IBF(or
[1231]IBZM) in nonhuman primates. Simultaneous imaging
of both pre- and postsynaptic binding sites of the dopaminer
gic system is feasible and produces images of comparable
quality as single-isotope scans. To our knowledge, this is the
first example of dual-isotope SPECT imaging of the DATs

and dopamine D2/D3 receptors in the living brain.
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