
Radiolabeled monoclonal antibodies or their fragments
thatbind to specific melanomaantigenshave been recently
tried for localizing malignant melanoma. In clinical trials at
multiple centers, limited success has been reported so far
(2â€”8).A variety of other radiopharmaceuticals have been
evaluated for the scintigraphic detection of malignant
melanoma. These include iodinated chloroquine analogs
(9â€”12)and 5-iodo-2-thiouracil (13) derivatives. It has been
proposed that these compounds possess some melanotro
pic affinityand are therefore incorporatedinto the melanin
pigment of melanoma. However, the successful use of
these radiopharmaceuticalsin human beings has not been
reported. Iodine-123-N-isopropyl p-iodoamphetamine
(IMP), a new brain imagingagent, has demonstratedmet
astatic melanoma in three of fourpatients (14). Cohen and
coworkers reportedthe use of [â€˜@]IMPin the detection of
pnmaiy and metastatic malignant melanoma (15).

More recently, Michelot et al. (16) described another
radiopharmaceutical [@I]N-(2-diethylaminoethyl)-4-iodo
benzamide (IDAB) for the detection and therapy of malig
nant melanoma. In comparison, [â€˜25IJIMPhad a slower
blood clearance and its uptake in other organs such as
liver, lung, brainand muscle was higherthan that of tumor
at 24 hr. Hence, good images could not be obtained be
cause of low contrast. It was therefore concluded that
IDAB was a better tracer than IMP for imaging malignant
melanoma. In clinical trials in Europe, [â€˜23IJDABhas been
successfully used in the diagnosis of malignant melanoma
(17).

One of the problems with IDAB was the method of
radioiodination. In the original report (16), it was synthe
sized from N-(2-diethylaminoethyl@aminobenzamide.
This amino compound was diazotized with sodium nitrite
and hydrochloric acid and then treated with potassium
iodide and sodium iodide (â€˜@I).The yield of [â€˜@IJDABwas
45% and a low specific activity (2.3 mCi/mmol) of the
product was obtained. lodination also was attempted by an
isotopic exchange method. In this procedure, cold IDAB

Inorderto devalopimprovedrediophannaceuticalsforimaging
malignantm@anoma,we have synthealzed and CharactenZed
1251 and â€˜31I-Iabeled (2-piperidlnylaminoethyl)4-iodobenzamide

(PAB).Invftrobindingprofilesof IPABand N-(2-diethylaminoet
hy@4-bdobenzamide (IDAB, a StrUctUrallyrelated analog of
IPAB)fora varietyof neurotransmitterreceptors suggested that
both IPABand IDABpossessed a highsigma-i affinityand a low
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(K = 6.0nM)andthatthebindingwassaturable.BiOdiStribUtiOn
studies in nude mice impiSnted w@i human malignant mela
noma xenografts showed good tumor uptake (3.87% ID/gat 1
hr,2.91%ID/gat6 hrand1.02%ID/gat24 hr)of I1nsIIPAB.High
tumor-to-nontarget organ ratios were obtained at 24 hr postin
jection.Tumor-to-blood,liver,muscle, lung,intestines,heart and
brainratiosat 24 hrwere 17.80,3.88,94.58, 14.29,10.87,37.07
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alignant melanoma is a common tumor and its fre
quency is increasing in the general population. The mor
tality rate worldwide has doubled over the past 20 yr. A
recent NIH consensus panel concluded that 7200 new
cases of melanoma are expected to be diagnosed this year
and about 2400 deaths related to this disease are expected
in 1992 (1).
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PreparationoftilbutyftinPAB.

was heated with Na@I at 150Â°Cfor 35 miii in the presence
of copper sulfate as a catalyst. The iodunatedproductusing
this method also had low specific activity (36 mCi/mmol).

We recently reported an improved synthesis of
[â€˜2@I]DABfrom the precursor N-(2-diethylamunoethyl)4-
thbutyltinbenzamidein highyield and highspecific activity
(18). The biodistribution of [@I]DAB in nude mice with
humanmelanomaxenografts indicateda highuptakeof the
radiopharmaceutical in nontarget organs such as the liver
and lung and a slow clearance from these organs. In an
attempt to prepare new radiopharmaceuticals with high
tumor uptake and low nontarget organ uptake and to un
derstand the mechanism of uptake and retention of these
benzamides, we report the synthesis, characterization, in
vitro binding to sigma receptors and biological evaluation
of N-(2-piperidinylamunoethyl)4-iodobenzamide(IPAB)
(19) as a radiopharmaceutical for imaging malignant mela
noma.

MATERIALSAND METHODS

Meltingpoints were determinedwith a Fisher-Johnsapparatus
and are reporteduncorrected.Proton and 13CNMR spectrawere
recordedonaBruker300AMspectrometer.Unlessnoted,chem
ical shifts were expressed as ppm using tetramethylsilane as an
internal standard. All chemicals were obtained from Aldrich
Chemical Company, Milwaukee, WI. The thin-layer chromatog
raphy(TLC)systemconsistedof Analtechuniplatesilicagel OF
plates (250 microns, 10 x 20 cm) developed with CHa@/MeOH:
80t20. Radioactive spots were scanned and recorded by a Bioscan
300imagingscanner equippedwith automaticplate reader. Mass
spectra (chemical ionization) were recorded on a Finrngan 1015
mass spectrometer.Na131Iwas obtainedfromduPontNEN, and
Na'@Iwas obtainedfromBristolMyersSquibb.Elementalanal
yses were performedby GalbraithLaboratoryof Knoxville,TN.

Chemistry
Preparation of (2-p4pe@d@zylaminoethyl)4-bromobenzamideIa

(Scheme 1). A round-bottom flask was charged with 4-bromoben

zoicacid(2.0g, 9.95mmol)inchloroform(150ml).Tothesolution

wasaddedthionylchloride(3ml)inchloroform(10ml),2â€”3drops
of DMF;the slimy was heatedat refluxfor3 hras the reaction
wasmonitoredthroughabubbler.A clearsolutionof4-bromoben
zoylchloridewasobtained,thevolatileswere removedanda light
yellow oil was obtained that solidified upon cooling. The acid
chloridewas disSOlVedinchloroform(30ml)andaddedto another
flask containing 1-(2-aminoethyl)piperidine(1.29 g, 10 mmol) in
chloroform(20ml)andtriethylamine(10ml)wasaddeddropwise.
The mixturewas stirredat roomtemperaturefor 1 hr and the
volatiles were removed invacuo. The resultingslurrywas washed
with 2% sodiumbicarbonate(2x 50 ml).The organicswere dis
solved in CHO3 (100 ml), separated from the aqueous layer and
driedoveranhydrousNa2SO4;thesolventwasremovedtogivea
colorlesssolid(2.7g, yield,87%).Rf (CHCI,IMeOH:90/10)0.45.
â€˜HNMR(appm):1.46(t, 2 H, CH2);1.54(broadm, 4 H, CH@);
2.43 (broad s, 4H, NCH@);2.52â€”2.56(t, 2 H, NCH2); 3.49â€”3.53
(dt, 2 H, NCH@);7.21 (bs, 1 H, NH); 7.52-7.55 (m, 2 H, arom);
7.65â€”7.68(m, 2 H, arom).

I@pamfion of (2-pdÃ zy&inÃ¼noethyl)4@kdobenzamide, lb.
This was preparedusing a proceduresimilarto the one above to
give awhite solid in 89%yield. â€˜HNMR(a ppm): 1.43â€”1.45(broad
m, 2 H, NC!!2);1.53-1.60(broadm,4 H, NCH2);2.41(broadm,
4 H, NCH@);2.50â€”2.54(t, 2 H, J = 7.8 Hz, NCH2);3.44â€”3.48(dt,
2 H, NCH@);7.02(bs,1 H, NH); 7.47â€”7.49(m, 2 H, arom.);
7.73â€”7.76(m, 2 H, arom.). m.p. 114â€”115C. Anal C,4H,@N2OI
calcd. C, 46.91; H, 5.31; N, 7.82, found C, 46.91; H, 5.42; N, 7.68.

P@panation of (2-piperidÃ @ylanthzoethyl)4-tiibutyltinbenza
nude,II. A flame-driedflaskwaschargedwith4-bromobenzamide
la, (1.0 g, 3.21 mmol) in triethylamine(40 ml). To the flask were
added tetrakis(triphenylphosphine)palladium(370 mg, 0.321
mmol),and bistributyltin(2.4g, 3.80mmol)and the mixturewas
refluxedundernitrogenfor 12hr.Themixturewas thencooled,
the solventsdecantedfromthe blackresidue,andthe volatiles
were removedin vacuo. The resultingblack oil was passed
through a silica gel column and eluted first with CHC13(100 ml)
andthenCHa,fMeOH:90/10.Thedesiredfractionswerepooled
and solvent was evaporatedto give an oil (0.4 g, 56%).rn/c = 523
(M@+HX100%);233 (M@â€”SnBu3)(40%).â€˜HNMR (a ppm):
0.82â€”0.93(m, 16 H, Bu3and CH@);1.01â€”1.05(m, 4 H, Bu3);
1.22â€”1.37(m, 8 H, Bu3); 1.45â€”1.67(m, 8 H, piperidinyl ring);
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SCHEME 2.
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2.49â€”2.51(t, 2 H, NCH2 piperidinylring);2.60â€”2.63(t, 2 H, J =
6Hz, NC!!2);3.53â€”3.58(dt, 2 H, J = 5.34Hz, NCH@);7.30â€”7.41
(bs, 1H, NH);7.49â€”7.78(m,4H, arom).â€˜3CNMR(a,ppm):9.60,
13.58,25.743,27.30,29.00,36.09,54.29,57.15, 126.03,128.39,
132.00, 136.54, 167.69.

Radlochemletry
RadiolabelÃ @ofn-tÃ±bwyltinMB withâ€˜@I(Scheme2). To 100

ILlof an ethanolic solution of(2-piperidinylaminoethyl)4-tributylt

inbenzamide (1 mg/ml)was added a solution of[â€•@IJNal(1.5 mCi,
3 ILl)in 0.1 N NaOH, followed by the additionof 0.05 N HG (50
id).ThepHofthesolutionwasbetween4.5â€”6.Fiftymicroliters
of a freshlypreparedsolutionof N-cMom-4-toluenesulfonamide
sodium monohydrate, chloramine-T (1 mg/mi) was added to the
above mixture. The contents were stirred for 10â€”15mm at room
temperatureand100p1of a solutionof sodiummetabisuffite(200
mg/ml)were added.

Thereactionmixturewas neutralizedwitha saturatedsolution
of NaHCO3(0.2 ml), afterwhich0.4 ml of normalsalinewas
added and the organics were extracted in CHC13(1.0 ml) after
vortexing 30 sec. The chloroform layer was evaporated in a
stream of nitrogen and the activity of the aqueous layer and the
organicresiduewas counted.Thetotalrecoveredactivityin the
residue ranged from 74% to 89% (n = 6). The residue was dis
solved in 90% ethanol, and 10%0.01 M phosphate buffer (400id),
co-spotted with cold IPAB (synthesized as described in the chem
istry section) on a TLC-SG plate and developed with CHC1,/
MeOH:90/10(RI = 0.45)and injected into a GilsonHPLC and
fittedwitha WatersZ-moduleradialcompressionseparationsys
tern containing a micro BondaPak C-18 reverse-phase column
equippedwithRheodyne4125injector(0.5mlloop).Theretention
time for â€˜@I-PABusing isocratic elution with EtOHfl).01M phos
phatebuffer(pH= 6.7):90/10,ataflowrateof 1mI/mmwasfound
to be 8.5 mis, a value identicalto that of nonradioactive(2-
piperidinylaminoethyl)4-iodobenzamide.Figure 1 shows HPLC
traces of a crude reaction mixture for the preparation of [â€˜@I]
PAB.

Radiolal@eIit@ofn-t,ibutyltinPAB with131J@The sameprotocol
as above was used except that the amount of0.05 N H@ added to

adjust the pH between 4.5â€”6.0varied due to different concentra
tions of aqueous sodium hydroxide present in the commercially
suppliedNa'3'I.Theworkupof the reactionandits purification
was identicalto theabove.

Cell Cuttura and Tumor Model
A2058 is a cell line derived from a brain metastasis of human

malignant melanoma (20). These cells were grown in DMEM2
(Dulbecco's modification of Eagle's) medium supplemented with
10%fetalbovineserumand0.03%L-glutamine.For invivo stud
ies, these cells were removed using calcium and magnesium-free
PBS containing0.02%EDTA. A suspensionof 5 x 10@cells
(viabilitygreater than 95%)in 0.2 ml of mediumwere inoculated
subcutaneouslyin femaleBath/cnu/nu mice. After about 2 wk,
thesolidtumorgrewtooptimalsize (about1cmindiameter)and
was used for the biodistribution studies. Tumor formation oc
curred in 85% of the mice.

InVItroSigma-I BindIng Assay
To a set of numberedtest tubeswere addedguineapigbrain

rnembranes(300â€”500@gprotein)whichwere incubated with 3 MI
[3H]-(-i-)-pentazocine(51.7Ci/mmol)in 0.5 ml ofSOmM Tris-HC1,
pH 8.0, for 120mis at 25Â°C.IDAB and IPABwere addedin
concentrations ranging from iO@ to 10_12M. Assays were ter
minated by the addition of5 ml ice-cold 10mM Tris-HCI, pH 8.0,
andfilteredthroughglass fiberfiltersusinga Brandelcell har
vester (Gaithersburg,MD).The ifiterswere thenwashedtwice
with 5 ml ice-cold10mM TrIS-HC,pH 8.0. Nonspecificbinding
was determinedin the presenceof 10 @iM(+)-pentazocineC6
glioma cell membranes (100 pg proteins) were incubated as de
scribed for guinea pig brain except that assays were carried out at
37Â°Cusing30 aM [3H](+)-pentazocinein a finalvolumeof 0.25
ml. The filters were soaked in 0.5% polyethyleneimine prior to
use. Scintillationcountingwas perfonned in an Ecoscint (Nation
al Diagnostics, Manville, NJ) after an overnight extraction of
counts. Proteinwas determinedby the Lowry method.

InVitro Slgma-2 BInding Assay
Ratlivermembranes(150â€”200p@gof protein)orC6gliomacell

membranes(100 @igprotein)wereincubatedwith3 MI [3H]DTG

TABLE I
Sigma BindingProfiles of IPABand IDAB
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FIGURE1. HPLCtracesof cruderex
lionmbctureforthe preparationof [19PAB.
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and then counted. The data were analyzed with the iterative
nonlinearleastsquarescurve-fluingprogramINPLOT.Thecorn
petition bindingassay curve for [1@I}PABis shown in Figure 2.

Animal Blodlstrlbutlon Studies
Balb/cnu/numice(17â€”22g) were injectedintravenouslywith

0.2mlof a salinesolutioncontaining[â€˜@I1PAB(5â€”6MCi).At 1,6
and 24 hr afterinjection,blood sampleswere collected by cardiac
puncture and the mice were killed immediately thereafter by
cardiectorny while under halothane anesthesia. Six animals were
studied at each time point. The organs of interest were subse
quentlyexcised,blottedwith tissuepaper,weighedand the radio
activity was counted using a Packard automatic counter (autoga
mma 5650). The percent injected dose per gram (%ID/g) values
were determinedby comparisonof the tissueradioactivitywith
suitably diluted aliquots of the injected dose and divided by the
weight of the organ. The values obtained were linearly normalized
to a mouse weighing 20 g.

Nude Mice ImagIng Studies
Balb/c nu/numice (17â€”22g) bearinghumanmelanomaXe

nograftswereinjectedintravenouslywith0.2 mlof a salinesolu
tion containing [â€˜3'I]PABor [â€˜3'IJDAB(150â€”200pCi). The ani
malswere anesthetizedwith ketaminecontainingrompunbefore
the imagingstudies. Images were obtained using a scintigraphic
camera with a pinhole collimator at 6 and 24 hr postinjection.
Figure 2 shows the scintigrams of nude mice implanted with
humanmelanomaxenograftsobtainedfor[â€˜311]DABandFigure3
showsthescintigramsobtainedfor[â€˜3'IJPAB.

RESULTS AND DISCUSSION

In the present report, synthesis of PAB was achieved by
conversion of 4-bromobenzoic acid to the 4-bromoben
zoylchlonde using thionyl chloride as a chlorinatingagent
in the presence of DMF as a catalyst. This acid chloride
was condensed with 1(2-aminoethyl)-piperidine. The aque
ous workup and purificationby column chromatography
provided pure (2-piperidinylaminoethyl)4-bromo-benza
mide in a highyield (87%).The tri-n-butyltinprecursorwas
synthesized using a published procedure of Clanton and
coworkers (21)- This debromostannylation reaction in

(39.4 Ci/mmol) in the presence of 1 pM dextrallorphan(to mask
sigma-isites)at25Â°Cfor120mis. Theprocedurewasthesameas
aboveexceptthat nonspecificbindingwas determinedin the pres
ence of S pM haloperidol.IC@valuesforboththe sigma-iand
sigma-2 assays were determined using the computerized iterative
curve-fitting program OraphPAD (San Diego, CA). Ki values
were calculatedfrom IC@values usingthe Cheng-Prusoffequa
tion. Sigma bindingprofilesof IPAB and IDAB ligandsare given
inTable1.

In Vitro Cell Binding Studies
Human malignant melanoma cells (A2058) were grown as de

scribed above. The cells were harvested with phosphate buffer
(0.1M) containing0.02%EDTAwithoutCa@2andMg@2ions.
Thecells were thenwashedtwicewithice-coldRPMI1640me
dium (Gibco) without glutamine and resuspended in the same
medium. A small volume (0.1 ml) containing 1.5 x 10@cells in
eight sets of test tubes were incubatedseparatelywith carrier-free
[â€˜@I)PAB(0.1 ml) and varying concentrations of cold IPAB. The
contentswere incubatedat 37Â°Cfor a periodof 5 hr. At the end of
this incubation,the cells were centrifugedfor 5 mm, the superna
tant was discardedand the cellswashedwith RPMI1640medium

a
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FiGURE 2. Homologouscompetitionbindingassay of [1@l]PAB
to human malignantcarcinoma(A2058)cells.
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volved the use of bromobenzamide, Ia, bis(tributyltin),
one-tenth equivalent of tetrakis(tnphenyl phosphine) pal
ladium (0), and refluxingin dry triethylamineto give mod
est yields (56%) of tributyltin substituted benzamide as
shown in Scheme 1. The compound was characterized by
â€˜Hand â€˜3CNMR and mass spectroscopic analysis.

Iodine-125-PAB was prepared from the tributyltin deny
ative in highyields (78%â€”94%)and highspecific activity by
reaction with Na'@I or Na'31I in the presence of chiora
mine-T as an oxidizing agent. This synthesis is schemati
cally shown in Scheme 2. The radiolabeled product was
extracted in chloroform, and dissolved in 90% ethanol with
0.01 M phosphate buffer (400 @l)after the evaporation of
chloroform under a stream of nitrogen gas. The product
was HPLC purified.

Figure 1 shows the HPLC traces of a crude reaction
mixture of [â€˜@IJPAB(gamma) and IPAB (UV). The reten
tion time of IPAB using ethanol/0.O1 M phosphate buffer
solution in a 90:10 ratio at a flow rate of 1.0 ml/minis 8.54
min. The retention time for IDAB under identical condi
tions is about 10 mis. The radiochemical purity of the
desired fraction was greater than 98%. Radiochemical yield
and purity are so high that this protocol could be easily
developed to a kit formulation.The coinjection of the au
thentic cold compound and tracer gave a single peak on
HPLC. The specific activity of [â€˜@I]PABas determined by
HPLC was high (>1800 Ci/mmol).

The iodobenzamides IPAB and IDAB were evaluated
for their activity at sigma receptors (22) by competition in
membranes of guinea pig brain, rat liver and C6 glioma
cells. Sigma-i sites were labeled with sigma-i selective
ligand, [3H@(+)-pentazocine,and sigma-2 sites were la
beled with subtype nonselective ligand, [3H]-1,3-di-tolyl
guanidine ([3H]DTG).Both IPAB and IDAB bound with a

FiGURE3. Scintigraphicimagesof nudemicebearinghuman
malignantmelanomausing11311]DAB.The arrowindicatesthe im
plantedtumorsite.

FiGURE 4. ScintigraphiCimages of nude mice beadng human
malignant melanoma xenografts using [13111PAB.Arrows indicate
implantedtumorsite.

highaffinityto sigma-i sites present in guinea pig brainand
Co gliomacell membranesandwith a low affinityto sig
ma-2 subtype receptors present in C6 glioma cell and rat
liver membranes. In vitro binding studies of [@I}PAB to
A2058cells showed that binding was saturable and that the
ligandwas bound to the cells with a high affinity[Ki = 6.0
nM]. This result implies that radiolabeled iodobenzamides
bind to the cell surface sigma-i receptors on humanmalig
nant melanoma cells. Sigma receptors have also been re
ported to be present on some other tumor-derived cells
(23). Both IPAB and IDAB had low affinity for D-2 dopam
inergic sites.

The biodistnibutionof [â€˜@I]PABand [â€˜@I]DABis com
paredin nude mice bearinghumanmelanomaxenografts in
the flankin Tables 2â€”4at 1, 6 and 24 hr, respectively. The
differences between the two agents were examined by Stu
dent's unpaired t-tests. The tumor concentration (%ID/g)
was higher with [â€˜@I]DABat 1 hr, but almost twice as high
with [â€˜@I]PABat 24 hr. The tumor-to-blood concentration
ratioswere similarat 1 and 24 Kr,but higherwith IDAB at
6 hr, due to its faster blood clearance. Tumor-to-muscle
concentration ratios were similarat 1 and 6 hr, but higher
with [â€˜@IJPABat 24 hr because of its higher tumor con
centration. This absolute tumor uptake could possibly be
dependent upon the nature of the human melanoma cell
line, the specific activity of the tracer used, or to differ
ences in tumor blood flow, tumor volume, necrotic fraction
(24) or due to high specific binding of the tracer to cell
surface receptors and receptor density.

Liver concentration was consistently higher with IDAB
than with IPAB by a factor of two or more. This higher
liver uptake may be attributed to the higher lipophilicity of
IDAB as determined by HPLC retention times. Intestinal
activity was higher with IPAB at 1 and 6 hr, but not by 24
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[1251]PAB[1@I]DABpvalueBlood0.967

(0.168)1 .03(0.318)nsLiver6.36

(0.770)12.7 (1.69)<0.001Spleen3.1
1 (0.789)3.46(0.206)nsKidney3.82

(0.561)4.63(0.905)nsBone0.750
(0.0663)1 .04(0.476)nsMuscle0.552
(0.071 1)0.988(0.125)<0.001StDni@*3.23

(0.691)3.84 (1.98)nslntestine*10.64
(0.541)5.04 (1.47)<0.001Thyroid4.23

(0.594)5.68 (1.02)0.013Lung2.34
(0.277)6.32 (1.55)<0.001Heart1

.14 (0.207)1 .67(0.210)0.001Brain0.895
(0.0887)1 .04(0.0855)0.015Tumor3.87

(0.470)5.18 (1.31)0.044R@oTumor-to-Blood4.16

(1.09)5.68(2.75)nsTumor-to-Muscle7.16
(1 .50)5.33 (1.65)ns*Gastric

and intestinalvaluesIncludetheircontents.

[â€˜25IJPAB(1@I]DABpvalueBlood0.0617

(0.018)0.0350(0.0084)0.009Uver0.263(0.0216)1.12(0.232)<0.001Spleen0.0383

(0.015)0.0350(0.023)nsKidney0.0850
(0.016)0.065(0.0197)nsBone0.0133
(0.0052)0.0133(0.0052)nsMuscle0.01

17 (0.0041)0.0150(0.0084)nsSto(r@*0.130
(0.0881)0.445(0.386)nslntestine*0.132
(0.0852)0.123(0.0717)nsThyroid0.100(0.143)0.0550(0.0207)nsLung0.0717

(0.0075)0.0633(0.0273)nsHeart0.0283
(0.0075)0.0233(0.0175)nsBrain0.0067
(0.0052)0.0033(0.0052)nsTumor1

.028 (0.239)0.553(0.241)0.006R@oTumor-to-Blood17.8

(6.10)15.5(4.69)nsTumor-to-muscle94.5
(32.5)39.7(9.61)0.003*Gastric

and Intestinalvalues includetheircontents.

I1@qPABE125IIDABpvalueBlood0.208

(0.0542)0.103(0.0197)0.001Liver1
.16 (0.212)3.74(0.427)<0.001Spleen0.330

(0.105)0.260(0.0990)nsKidney0.483
(0.131)0.435(0.0909)nsBone0.115(0.0236)0.100(0.0297)nsMuscle0.0983

(0.0306)0.0967(0.0356)ns5@p@*0.757
(0.298)0.475(0.164)nslntestlne*2.46

(1.18)0.423(0.0963)0.002Thyroid0.583
(0.203)0.400(0.124)nsLung0.387
(0.0568)0.458(0.0993)nsHeart0.167
(0.0372)0.150(0.0329)nsBrain0.122(0.0331)0.132(0.0204)nsTumor2.91

(0.463)2.83(0.388)nsRatioTumor-to-Blood14.9

(5.07)28.1(5.84)0.002Tumor-to-Musde32.5
(12.0)33.3(14.0)ns*Gastric

and Irdestinalvalues includethelrcontents.

TABLE 2
Biodistnbution of [1@lJPABand [1@lIDABat One Hour in Nude

MiceXenograftedw@iHuman MelanoticMelanoma
(%lD/g;mean (s.d.),n = 6)

TABLE 4
Biodistribution of [1@I@PABand [1@I]DABat 24 Hours in Nude
MiceXenograftedwithHuman MelanoticMelanoma(%ID/g;

mean (s.d.), n = 6)

hr. Thyroid levels of both agents progressively declined
over 24 hr, indicatingthat in vivo dehalogenationwas neg
ligible. Lung activity was initially higher with IDAB, but
the differences in distribution in other organs were rela
tively insignificant.

Images of nude mice with human melanoma xenografts
using [1311]PABand [â€˜311]DABat 6 hrpostinjectionshowed
that both tracerswere cleared by the hepatobiliarysystem
(Figs. 3 and 4). Although [13'I]DABdemonstrated tumor

TABLE 3
Biodisthbution of (1@@PABand [1@5I1DABat Six Hours in Nude

MiceXenograftedw@ Human MelanoticMelanoma
(%ID/g;mean (s.d.),n = 6)

uptake at 6 hr, there was considerable liver uptake. At 24
hr. as indicatedby the biodistnbution data, tumor activity
cleared and there was still hepatic activity in the body. The
tumor was overshadowed by hepatobiiary activity on the
6-hr images with IPAB. However, at 24 hr. the tumor was
observed as an area of increased activity. IPAB therefore
appears to be a better tracer than IDAB for external imag
ing human malignantmelanoma.

In conclusion, the tracer L'@I1PABwas prepared and
evaluated as a new malignant melanoma imaging agent.
This involved the preparation and characterization of the
precursor (2-pipetidinylaminoethyl)4-tributyltinbenza
mide. The radiolabeledproduct [â€˜@I]PABwas obtained in
highyields andwith a high specific activity using an iodod
estannylation reaction. In vitro pharmacological profiles
indicated that IPAB had a slightly higher affinityas com
paredto IDAB for sigma-i sites and that it binds with high
affinity to melanoma cells. Its biodistnibution in nude mice
bearing human melanoma and imaging of nude mice with
[â€˜31I]PABsuggested that [â€˜@I]PABis a potential melanoma
imaging agent in humans. These results also demonstrate
that sigma receptors could be used as external markersfor
imaging and molecular characterization of tumors using
SPECF.
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