
affinity both for Dl receptors and also for 5-HT receptors

(2), it is not ideal for the exact study of dopamine Dl
receptors. Recently, new, more specific ligands for dopa
mine Dl receptors have been developed: 501 39166 (4)
and NNC 756 (5,6), which are structurallyclosely related
to SCH 23390. The aim of this study was the PET exami
nation of dopamine Dl receptors in the humanbrainwith
two novel â€œC-labeled compounds, . [â€œC]SCH 39166 and

[â€œC]NNC756.

METhODS

Subjects
Fournormalage-matchedvolunteerswerestudied(3males,1

female, age 52â€”63yr. mean Â±s.c.m., 58.8 Â±2.0 yr) and 8 pre
dominantly unilateralpatients with early idiopathic Parkinson's
disease (3 males, 5 females, age 34â€”73yr. mean Â±s.c.m., 55.9 Â±
4.1 yr, Hoehn andYahr stage I for three patients, stage II for five
patients). The duration of Parkinson's disease was 1.5 Â±0.4 yr

(mean Â±s.c.m.). None of these patientshad received any
levodopaordopamineagonisttreatmentbeforethePETscanwas
carriedout. Eveiy subject gave his or her informedconsenL The
study was approved by the Ethical Committee of the Turku Urn
versity CentralHospital.

Radloilgands
Carbon-11-NNC756 ([methyl-11q-(S)-(+)-8-chloro-5-(2,3-di

hydrobenzofuran-7-yl)-7-hydroxy-3-methyl-2,3,4,5-tetrahydro
1H-3-benzazepine)and [â€œC]SCH39166([methyl-â€•C]-(â€”)-trans
6,7,7a,8,9,13b-hexahydro-3-chloro-2-hythoxy-N-methyl-5H-
benzo(d)naphto-(2,l-b)azepine)were prepared as described
previously (7,8,9). Carbon-li-methyliodide, preparedby a one
pot reaction set-up according to the standard procedure at our
radiochemistry laboratory (10) from [â€˜1Cjcarbondioxide pro
ducedwith anEfremov 103-cmisochroronouscyclotron, was thus
used in alkylation reactions of the N-desmethyl precursors SCH
40853(Schering-PloughCorporation,Bloomfield,NJ) and NNC
1596 (Novo Nordisk A/S, Bagsvaerd, Denmark). The volume of
the formulated(physiological0.1 M phosphatebuffer)[â€œC]NNC
756 and [â€œC]SCH39166 solutions was determined by weighing
beforeandaftersterilefiltration.Theconcentrationsof [â€œC]SCH
39166 and [â€œC]NNC756 solutions were assessed by reversed
phase HPLC (25%acetomtrile, 75%0M5M sodium dihydrogen
phosphate, 2 mI/mm)with UV detection at 204 nm. Samples of
[11qscii39166and[11C]NNC756wereanalyzedintriplicateand

PETstudieswereearnedoutonbraindopamineDl receptors
using two new ligands, [11C]SCH39166 and [11C]NNC756.
Methods: Four normalsubjectsand eight predominantlyunilat
eralpatientswithearlyParkinson'sdiseasewereinvestigated.
Eachofthem underwentbotha PET scan w@i[11C]SCH39166
andonewith[11CJNNC756.Adoseofaboutl85MBq(5mCi)
of these ligandswas administeredintravenouslyand a dynamic
PETscanv@than ECAT931/08PETcamerawasearnedout.
Ratiosbetweenthe stilatal and cerebella' uptakeof these corn
poundswerecalculated.Results: Both [11C]SCH39166and
[11C]NNC756 accumulatedin the striatum.Therewas also
someneocorticalbinding;75%ofthesthatalvalueinthecaseof
[11CJSCH39166and60%with(11C]NNC756whichdisplayed
higher(p < 0.01)uptakein the striatumthan[11C]SCH39166.
There were no significantside-to-aidedifferencesin the controls
nor in the parkinsonian patients. ConclusIons: These resufts
implythatboth[11CJSCH39166and[11CJNNC756canbeused
inPETstudiesforthevisual@ationandquantificationofdopa
mineDl receptors.Since[11CINNC756hasa significantlybet
tar signal-to-noise ratioin the sthatum than [11C]SCH39166, it
seems to offer definite advantagesfor studies of Dl receptors.

Key Words: PET;dopamineDl receptors;SCH39166;NNC
756; Parkinson's disease

J NuciMed1994;35:1916-1920

opamine has a variety of receptor systems in the
brain, which have been characterizedmainly with in vitro
techniques (1). PET has created a new possibility to ana
lyze the functional role of these receptors in vivo both in
normalvolunteersand inpatientswithvariousneurological
disease conditions. So far, the function of dopamine D2
receptors has been elucidated better than that of other
dopamine receptors (1). The first relatively specffic corn
pound for the study of dopamine Dl receptors in vivo was
SCH 23390 (2,3). However, since this substance has some
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the concentrationsdeterminedfromcalibrationcurvesmadeby
injection of three known concentrations of SCH 39166 or NNC
756 (obtained from the same source as the precursors for radio
labeling)on the same day as the [1'C]-synthesis,the standard
deviationbeingless than 2%.

PET Imaging
ThePETscanswerecarriedoutwithaneight-ringwhole-body

PET scanner(ECAT931/08-12)withan in-planespatialresolution
of 6.5mmfull-widthathalfmaximum(FWHM)andwithanaxial
resolution of 6.75 mm measured according to Spinks et al. (11).

Thesubject'sheadwas fixedin thetomographwithanindividu
ally prepared Styrox frame. The PET examinations with
[â€œqSCH39166and [â€œC]NNC756were carriedout as dynamic
studiesbetween0 and80mminallofthe fournormalsubjectsand
in five of the patients; in three patients, the duration of the
[â€œc]SCH39166and [â€œCJNNC756PET studieswas 60miii.The
injecteddosesof[â€•CINNC756were1358â€”21L6MBq(3.67â€”5.72
mCi) and those of [â€˜1CISCH39166 varied between 1658-199.4
MBq(4.48â€”5.39mCi).The durationof the intravenousinjection
was 10sec. The specificradioactivityat the timeof injectionwas
2.7â€”12.3GBq4&mole(72.9â€”332.7mCi/pmole)for [â€œC]SCH39166
and6.6â€”31.8GBq/@imole(178.7â€”860.2mCi4anole)for[11qNNC
756. No untoward effects of these compounds were observed in
thenormalsubjectsor patientsstudied.

Theregionof interest(ROl)analysiswascarriedoutbytaking
the headof the caudateand the putamen,as well as the total
striatum, as separate ROIs. Moreover,frontal, temporaland pa
rietalcorticalROIsweremade.All thestriatalandcorticalROIS
weredrawnfreely(traceROl),whereasanellipticalROIwasused
to depictthe cerebellum.In thiscontext,high-field(1.5T) MIII
images of the brain were available for reference. Ratios between
these regions and the cerebellum were determined by calculating
themeanratiousingthetimeframesfrom55mmto 80mmfrom
theinjectionreflectingthemaximumstriatum-to-cerebellumratio
duringthe PETscan approachingequilibriumat the end of the
study. The ratio method could be applied here because [â€˜1C@SCH

39166and[â€œC]NNC756havemainlyconjugatedperipheralme
taboliteswhich do not penetrate the blood-brainbarrier (12â€”14).
Similar quantification was applied to all those subjects (four con
trolsandfive parkinsornanpatients)withwhoman 80-mmPET
study had been carried out. Blood samples consisting of arterial
ized venous blood (23 samples; 10 during the first 3 mm and then
at 5, 7, 8, 10, 15, 20, 25, 30, 40, 50, 60, 70 and80 mis afterthe
injection) were drawn from an antecubitalvein duringthe PET
scan for assessment of radioactivity.

S@sdcs
Afterthedynamictime-activitycurveshadbeengenerated,the

differences between the striatum-to-cerebellumratios of
[â€œqNNc756andthoseof[â€•qSCH39166werecomparedusing
the pairedt-test.Moreover,in parkinsonianpatients,the differ
ence betweenthe affectedhemisphereand the intactone was
comparedusingthe sameprocedure.Correlationanalysescon
cerningthe effectsof ageand specificradioactivityon the region
to-cerebellumratioswere calculatedwith Pearson's method.

RESULTS

A peak of radioactivity was observed in the venous
blood within 2 minofthe injection(Fig. 1). After that, there
was a decline of radioactivity in the blood, though the
radioactivity level was somewhat higher with [â€œqNNC

FIGURE1. RadloactMtyIn brainregionsandvenousbloodof
five p&dnson@npatientsafter IntravenousInjectionof [11CISCH
39166(a)and[11CJNNC756(b)Cau=caudate,Put=putamen,
Fro = frontal cortex and Car = cerebellum.

756thanwith[â€œC]SCH39166.Therewasarapidtransfer
of radioactivity into the brain (Figs. 1 and 2). Both
[â€œC]SCH39166 and [â€œC]NNC756 were taken up into the
striatum and, to a lesser extent, the neocortex (Figs. 3A
and 3B). Carbon-l1-SCH 39166 activity was also notice
able in the thalamus(Fig. 3A) whereas the accumulationof
[â€œC]NNC756in the thalamuswas negligible(Fig.3B).The
uptake of[â€•C]NNC756 into the caudate and putamen was
differentfrom that of [â€œC}SCH39166(Figs. 1 and 2). With
referenceto total radioactivityin the tissue, [â€œC]sCH
39166 accumulated rapidly during the first 20 min and
thereafter showed a moderate decline (Fig. lA), whereas
[â€œc]NNC756 was taken up into the tissue without a high
initial rise but with a relatively long plateau phase up to 80
nm (Fig. 1B) Figure 2B shows the time-course of the
region-to-cerebellum ratio, reflecting the fact that
[â€œC]NNC756 had a persistent high uptake into the caudate
and putamen after 20 mm from the injection lasting until the
end ofthe PET study. As shown in Figure4, [â€œC]NNC756
displayed higher (p < 0.01) uptake into the striatum than
[@qscH 39166,inbothnormalsubjectsandinparkinso
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FIGURE2. Radioactivityratiosof caudate-to-cerebellum,puts
men-to-cerebellumandfrontalcortex-to-cerebellumoffive parkinso
niaripatientsafterintravenouslnje@onof [11CJS0139166(a)and
[11CJNNC756(b).
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take in the frontal neocortex (Fig. 4). There was a signifi
cant difference between [â€œC]NNC756 and [â€œC]SCH
39166concerningthis neocorticalbinding; in the normal
subjects, the cortical bindingwas 75%of the striatalvalue
with [â€œCJSCH39166and 60%in the case of [â€œCINNC756
(p < 0.01); the corresponding values for parkinsonian pa
tientswere 70%and 50%,respectively(p < 005). The
accumulationof these ligands in the temporal and parietal
cortexwas of the sameorder.Therewere no significant
differences between the normal subjects and the parkinso

man patients as far as this cortical accumulation was con
cerned.

DISCUSSION

Our results show that both [â€œC]NNC756 and [â€œC]SCH
39166 display uptake into the stnatum and, to a lesser
extent, into the cerebralcortex both in normalsubjects and
in parkinsonian patients. However, the uptake of
[â€œC]NNC756 into the striatwn is significantlyhigher than
that of [â€˜1C]SCH39166 and when taken as a percentage of
the striatal binding, [â€œC]NNC756 has significantly less
cortical uptake than [â€œC]SCH39166. These findings may
be taken as evidence that in vivo NNC 756 is more specific
for dopamineDl receptorsthanSCH39166,althoughin
vitro both the ligands show a good binding affinity for Dl
receptors (4,15,16). This discrepancy between in vitro and
in vivo data can also be explained on the basis of several
factors operating in the living brain, which are lacking in
vitro. One of these is competition by endogenous dopa
mine, which might affect various ligands in different ways.
On the other hand, there may also be differences in li
pophilicity,which account for differentcapabilitiesto cross
the blood-brain barrier. Displacement experiments with
cold SQl 23390have been carried out both with [â€œC]SCH
39166(8) and [â€œCINNC756(17,18)and they have shown
the specificity of these ligandsfor dopamine Dl receptors,
though they do not allow a direct comparison of these
compounds. Moreover, it has been shown (17â€”19)that
ketanserin does not displace these compounds, which
means that their bindingto 5-HT2receptors is negligible.

The relatively high uptake of [â€œC]SCH39166 in the
cortex could mean that this compound has affinity to other
than Dl receptors. Lidow et al. (20) suggested that
[3H]SCH39166may have a high affinityto more than the
Dl receptor subtype bound by SCH 23390 or cis
flupentixol in the cortex. Also, these additional sites are
likely to be different from 5-HT2 or 5@HTicreceptors since
the latter sites were not displaced by 1 @MSCH 23390.
From the quantitative point of view, however, most of
[3H]SCH 39166 is bound by Dl receptors.

In this study, there was a relatively wide variance in the
specific radioactivity of[â€•qSCH 39166and [â€œC]NNC756
administered(72.9â€”860.2mCi/p@rnole).However, a calcu
lation using the lowest specific radioactivity and the spe
cific binding of [â€œqsCH39166 in the putamen (125 nCi/
ml) show that 1.7 pmole/ml of the Dl receptors in putamen

FIGURE3 PETimagesthroughthecaudate/putamenlevelofa
normalsubject (A) [11C]SCH39166and (B) [11CJNNC756. Note
the differentdistributionof radkactivityinA and B; 111C)SCH39166
displaysmoreaccumulationof radkactivityinthe neocortexandthe
thalamusthan [â€˜1CJNNC756thoughthe caudateandthe putamen
are betterdelineatedwith (11CJNNC756.

man patients. In general, the scatter of values took place
within narrower limits with [â€œC]SCH39166 than with
[â€œCINNC756 (Fig. 4).

The striatum-to-cerebellum ratios in normal subjects
were 1.67 Â±0.02 (mean Â±s.c.m.) for [â€œC]SCH39166 and
3.12Â±0.11(meanÂ±s.c.m.) for [â€œC]NNC756.In the case
of parkinsonian patients, the corresponding ratios were
1.76 Â±0.06 (mean Â±s.e.m.) and 3.00 Â±0.25 (mean Â±
s.c.m.).

With the parkinsonian patients, the accumulation of
[â€œC]NNCwas similar in the caudate and the putamen,
whereas [â€œC]SCH 39166 seemed to display slightly more

uptake into the caudate than into the putamen (p < 0.05).
There was no significantside-to-side difference in the con
trolsnorparkinsonianpatientsas measuredwith [â€œC]NNC
756 or [â€œC]SCH39166. On the other hand, there was no
significant difference between the parkinsonian patients
andcontrols as faras the striatalor corticaluptakeof these
compounds was concerned.

Although the main accumulation of these ligands was
observed in the striatum, there was some extrastriatalup

FIGURE4. Region-to-cerebellumratiosof [11CJSCH39166(A)
and[11C]NNC756(B)Par= parietalcortex@Tern= temporalcortex.
PD= Parkinson'sdisease.C = control.
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wereoccupiedby [â€œC]SCH39166.Sedvallet al. (21)have
reporteda Bm@value of 50â€”60pmole/ml for the Dl recep
tors in the putamen of healthy control subjects. The num
ber of receptor sites blocked by cold SCH 39166was thus
at the maximum 2%â€”4%of the available sites.

The findings in this PET study are in agreement with
those obtained in animal experiments (15,16,22,23) using
both ligandbindingandautoradiographytechniques. Itwas
shown by Alburges et al. (22) in a study using quantitative
autoradiographicanalysis of [3H]SCH39166 and [3H]SCH
23390 that there is a high Dl receptor density in the cau
date-putamen,whereas low levels ofbinding were detected
with [3H]SCH 39166 in lamina intravenously of the rat
cortex. Hall et al. (24) showed with these autoradiographic

approaches in human postmortem brain tissue specific
[3H]SCH 39166 binding in the caudate nucleus and puta
men.

In this study, the putamen-to-cerebellumand caudate
to-cerebellumratios for [â€œCINNC756were in the orderof
3, which is lower than that reported by Karlsson et al.
(17,18): about 10 in the monkey brain and 5 in the human
brain This discrepancy may be due to several factors.
First of all, Karlsson had four subjects, who were consid
erably younger (20â€”26yr of age) than those in the present
study. Suhara et al. (25) found in a PET study with
[â€œC]SCH23390 that there was a 35% decline in brain
dopamine Dl receptor function over the age range 20â€”72
yr. However, in our study no statistically significant cor
relation between age and region-to-cerebellumratios was
observed, which may be due to a narrow age range of the
subjects and their small number. Secondly, there were
differences between the specific activities and the injected
amounts of radioactivity, which were higher in Karisson's
PET study, but in our study, the correlation between the
region-to-cerebellum ratios and the specific activities is not
significant. On the other hand, the kinetics of [â€œCINNC
756 characterized by the relatively slow accumulation of
the tracer are very similar in the currentstudy and that of
Karisson (17,18). Preliminary PET studies in monkeys
with [â€œC]SCH39166 have been reported (7,19), but they
do not contain any direct comparison with other Dl
ligands.

It has been shown earlier (26,27) that there may not be
changes in Dl receptor function in early Parkinson's dis
ease, which is also the principal result of this present study
concerning the comparison between parkinsonian patients
and normal subjects. Previous postmortem studies have
indicatedno, or only slightchanges in striataldopamineDl
receptors, which might be related to dopaminergic treat
ment (27â€”31).Our presentfindingthat [â€œC]SCH39166
displays slightly higher uptake into the caudate than in the
putamen in parkinsonian patients may lack biological sig
nificance, since this observation was made only with one of
the compounds, in a relatively small patient population.
This aspect requires further elucidation.

Both [11CJNNC756 and [â€œCJSCH39166are useful PET
ligands when dopamine Dl receptors of the human brain

arestudiedinvivo Theseligandscanbe usedinsteadof or
in addition to [â€œC]SCH23390. On the basis of the present
study, however, no direct comparison between [â€œC]SCH
23390and these new ligands is possible because the normal
subjects and parkinsonian patients here underwent only
PET examinations with [â€œC]SCH39166 and [â€œC]NNC
756, but not with [â€œC]SCH23390.

Carbon-ll-NNC 756, according to our results, displays
higheruptake into the striatumthan [â€œC]SCH39166 and,
therefore, it seems to offer definite advantages for imaging
Dl receptors compared with [â€œqSCH39166. Using these
compounds, there may be new ways to investigate the

functionalrole of dopamineDl receptors in the normaland
diseased brain.
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