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SUMMARY
The iodine-i 25 analog of the dopaminergically selective co-
caine analog 3�-(4-iodophenyI)tropane-2�-carboxyIic acid iso-
propyl ester (All-i 2i) was evaluated as a probe for the dopa-
mine transporter in rat striatum. Saturation and kinetic studies
indicated that [125l]RTI-121 binds to both high and low affinity
components. The Kd of the high affinity component was 0.14 ±
0.01 flM (mean ± standard error), whereas the low affinity
component demonstrated an affinity of 1 .59 ± 0.09 nM. The
corresponding numbers of striatal binding sites labeled by
[125I]RTI-i 2i were 295 ± 6 and 472 ± 59 pmol/g of tissue
(original wet weight), respectively. Intrastriatal injections of
6-hydroxydopamine eliminated >90% of specific [125I]RTI-i 21
binding in the striatum. The pharmacological profile of specific

[1251]RTI-1 21 binding in the rat striatum was consistent with that
of the dopamine transporter. There was a strong (r = 0.98, p <
0.0001) correlation between the potencies of drugs that dis-
placed specific [125l}RTI-i2i binding and the potencies of these
drugs to inhibit the uptake of [3H]dopamine. In contrast, no
correlation was found for the potencies of drugs to inhibit the
uptake of either [�H]norepinephrine or rH}serotonin. Autoradio-
graphs produced using [125I]RTI-121 demonstrated a distribu-
tion of label consistent with the distribution of dopaminergic
neurons in rat brain. Because of its high affinity and high se-
lectivity for the dopamine transporter, [125I]RTI-i 21 may be an
extremely useful ligand for the dopamine transporter.

Several studies have identified specific binding sites for

cocaine and its analogs in rodent, nonhuman primate, and

human brain (1-11). These binding sites demonstrate several
properties that are associated with a biologically relevant
receptor, including stereoselectivity (7, 12), binding at biolog-

ically relevant concentrations (13, 14), a significant correla-

tion between binding affinities and uptake potencies (3, 7, 8,

9, 11), and a correlation between binding potency and po-

tency to maintain drug self-administration behavior (15, 16).

Thus, the evidence suggests that cocaine initiates its biolog-

ical action via interaction with a relevant receptor located on

the DAT.
As early as 1980, cocaine was recognized as a potential

ligand for the DAT. However, several problems were appar-

ent with the use of cocaine as a radioligand. These included
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low affinity combined with rapid dissociation and poor selec-

tivity for the DAT. Several alternative ligands, which are all

inhibitors of DA uptake, have been developed to probe the

DAT. These compounds can be divided into two groups, those

that, like cocaine, bind to both high and low affinity compo-

nents and those that bind to a single, high affinity compo-

nent. The latter group, which includes [3H]mazindol ( 17),

[3H]nomifensine ( 18), [3H]methylphenidate ( 19), and

[3HIGBR 12935 (20), address the problem of low affinity;

however, because they bind only to a high affinity compo-
nent, the site to which they bind may or may not be identical

to the site recognized by cocaine (6-8, 17-25). Moreover,

these ligands also recognize sites other than that associated

with the DAT; for example, mazindol and nomifensine bind

to the NE transporter (17, 18), and GBR 12935 binds to

cytochrome P-450 or a related protein (20-22, 24, 25).

Ligands that bind to both the high and low affinity com-

ponents recognized by cocaine include [3Hlcocaine ( 1-7) and

the cocaine analogs [3HIWIN 35,428 (8), [3HIWIN 35,065-2
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(9), and [12511RTI-55 (10, 11). Although some ofthe problems

associated with the single-site ligands were partially elimi-

nated by the use of either [3HIWIN 35,428 or [3HIWIN

35,065-2, these ligands were problematic for autoradio-

graphic studies because they are radiolabeled with tritium

and thus present problems of quenching and require long

exposure times. As part of an ongoing research effort to

characterize the cocaine binding site located on the DAT,

[‘251]RTI-55 was developed as a high affinity iodinated Ii-

gand for the DAT (10, 1 1). However, the use of this ligand

also became problematic because of its high affinity for the
serotonin (5-HT) transporter as well as the DAT (11, 26-29).

It was therefore important to develop cocaine analogs that

would bind to the DAT with high affinity and selectivity,

relative to the NE and 5-HT transporters.

Recently, we identified a new, high affinity, iodinated li-
gand selective for the DAT, relative to the 5-HT or NE trans-

porters, in both in vitro (30, 31) and in vivo binding studies

(32). The present study describes the in vitro binding of

I ‘2511RT1-121 to rat striatal membranes. The results of this

study suggest that I 1251]RTI-121 may be the most selective,

high affinity, iodinated ligand presently available for the

DAT.

Materials and Methods

Tissue preparation. Adult male Sprague-Dawley rats (Harlan

Laboratories, Indianapolis, IN) weighing 200-250 g were killed by

decapitation. The striata ofthe rats were quickly dissected, frozen on

a block of dry ice, and stored at - 70#{176}until needed.

[‘2511RT1-121 binding. All tissues were weighed and homoge-

nized with a Polytron homogenizer (setting 5-6) for 15 sec, in 20
volumes of ice-cold 10 mM phosphate buffer, pH 7.4, containing 0.32

M sucrose. The homogenate was centrifuged for 10 mm at 50,000 x
g. The resulting pellet was resuspended in the aforementioned buffer

to a tissue concentration of 1 mg (original wet weight)/ml, using a
Polytron homogenizer (5-10 sec), and was recentrifuged; the result-
ing pellet was then resuspended and used in the binding assays.

Binding assays, in a total volume of 2 ml, were conducted in assay

tubes containing 15 pM [1251]RTI-121 and 0.1 mg of striatal tissue.

The nonspecific binding of[’2511RT1-121 was defined by the addition
of 50 �tM ( - )-cocaine. Striatal suspensions were incubated for 1 hr at

22-24#{176}. The incubation was terminated by rapid filtration through

Whatman GF/B filters (which had been previously soaked in 0.05�
polyethylenimine), using a Brandel R48 filtering manifold (Brandel

Instruments, Gaithersburg, MD). The filters were washed three
times with 7 ml of ice-cold buffer and counted using an LKB-Wallac

CliniGamma 1272 y counter (LKB-Wallac, Turku, Finland).

Saturation of [1251]RTI-121 binding. Assays were carried out

under the conditions described above, using a fixed concentration of

I ‘2511RT1-121 (15 pM) and increasing concentrations of unlabeled

RTI-121 ( 1 pM to 100 nM). Due to the limited amount of[’251]RTI-121
available, saturation experiments using increasing concentrations of

I 12511RT1-121 could not be conducted.
Intrastriatal 6-ORDA lesions. Intrastriatal 6-OHDA lesions of

the nigrostriatal DA pathways were performed as described previ-

ously (33). Briefly, male Sprague-Dawley rats were given an intra-

peritoneal injection of chloral hydrate (400 mg/kg) and then placed

into a stereotaxic instrument. The animals were given injections of

20 �g of 6-OHDA in 2 �l of saline containing 0.02% ascorbic acid, at

two sites ofthe left striatum (coordinates, AP 1.6, ML 2.4, DV 4.2 and

AP 0.2, ML 2.6, DV 7.0, from Bregma). The 6-OHDA was infused at

a rate of 1 �.tlJmin through a Hamilton syringe. At the end of the

infusion, the needle was left in place for another 5 mm, to allow for

diffusion away from the site of injection.

Autoradiographic studies using [‘25IJRTI-121. Tissue for the

visualization of [‘251]RTI-121 binding was obtained from male Spra-

gue-Dawley rats according to the general method of Kuhar and

Unnerstall (34). The animals were decapitated, and the brains were

immediately removed and frozen in isopentane ( -50#{176}).The frozen
brains were sectioned to 10-�tm thickness, thaw-mounted onto gela-

tin-coated slides, dried, and stored desiccated at -70#{176}until used for

autoradiography. Sections were equilibrated at room temperature

and incubated for 60 mm at 22-24#{176}with 15 �M concentrations of
either [12511RT1-121 or [1251]RTI-55, in phosphate-buffered saline
(137 mM NaCl, 2.7 mM KC1, 10.14 mM Na2PHO4, 1.76 mM KH2PO4),2
in quadruplicate. To reduce nonspecific binding, 10 mM Nal was

added to the assay buffer. The tissue sections were washed twice (for

20 mm each time) in the assay buffer (0#{176}),followed by a dip in
deionized water (also at 0#{176}).Nonspecific binding of[’251]RTI-121 was
defined by the addition of 50 �M ( -)-cocaine. The slide-mounted

sections were immediately dried with a stream of cold dry air. The

dry labeled slides and ‘251-methylmethacrylate autoradiographic

standards (Amersham, Arlington Heights, IL) were coexposed to

Hyperfilm 3H (Amersham) for 2-4 days.

Materials. Unlabeled RTI-121 was synthesized as described pre-

viously (30); the [‘251]RTI-121 precursor 3�-(4’-trimethyltinphenyl)-

2j3-carboxylic acid isopropyl ester and [‘251]RTI-121 were prepared

as described for 112311RT1-55 (35)�3 [‘251]RTI-121 and [‘2511RT1-55

were also prepared by New England Nuclear, which generously

supplied them as gifts. The following drugs were used in this study:

amitriptyline HC1, Research Biochemicals (Natick, MA); benztropine
mesylate, Research Biochemicals; citalopram HC1, H. Lundbeck A/S

(Copenhagen, Denmark); ( - )-cocaine HC1, National Institute on
Drug Abuse (Rockville, MD); chloripramine HC1, Research Biochemi-

cals; ( + )-cocaine free base, National Institute on Drug Abuse; desi-
pramine HCI, Sigma Chemical Co. (St. Louis, MO); GBR 12909,

Research Biochemicals; GBR 12935, Research Biochemicals;

6-OHDA HC1, Sigma; imipramine HC1, Research Biochemicals;
mazindol, Sandoz Pharmaceuticals (East Hanover, NJ); nisoxetine
HC1, Eli Lilly Co. (Indianapolis, IN); nomifensine maleate, Hoechst-
Roussel Pharmaceuticals (Somerville, NJ); nortriptyline HC1, Re-

search Biochemicals; paroxetine HC1, Beecham Pharmaceuticals Re-

search Division (Philadelphia, PA); talsupram HC1, Lundbeck;

tomoxetine HC1, Eli Lilly Co.; WIN 35,428, National Institute on

Drug Abuse.

Results

Kinetics of specific [‘25IIRTI-121 binding. The specific

binding of [125I]RTI-121 reached equilibrium in approxi-

mately 40-50 mm at 22-24#{176}(Fig. 1, top). Analysis ofthe data

using the computer program KINETIC revealed that

[‘251JRT1-121 association occurred in two phases, with the

first phase having a tv� of 0.89 ± 0.26 mm (mean ± standard

deviation, two experiments) and the second phase a t� of 5.84

± 0.65 mm. Likewise, the dissociation of specifically bound

[‘25I]RTI-121 occurred in two phases (Fig. 1, bottom), with

corresponding tv.� values of3.07 ± 1.07 and 11.5 ± 0.52 mm.

A biexponential model for both the association and dissocia-

tion of specifically bound [‘25I}RTI-121 was preferred over

the monoexponential model in all cases ( p < 0.05).

Saturation analysis of specific [‘25I]RTI-121 binding.

The affinity and density of specific [‘25I1RT1-121 binding

sites was determined using a fixed concentration of labeled

RTI-121 (15 pM) and increasing concentrations of unlabeled

RTI-121 (1 �M to 100 nM) (Fig. 2). Scatchard transformation

of the data (Fig. 2, inset) resulted in a curvilinear relation-

2 R. Law, personal communication.

3 J. R. Lever, unpublished observations.
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Fig. 2. Saturation of specific [125l]RTI-121 binding in rat striatum. Stri-
atal membranes were incubated with a fixed concentration of [125I]RTI-
121 (15 pM) and increasing concentrations of unlabeled RTI-121 (1 �M

to 100 nM). Nonspecific binding was determined by the addition of 50
�.tM (-)-cocaine. The results are the mean of three independent exper-
iments, each performed in triplicate. The fit of this plot was determined
using EBDA. Inset, Scatchard transformation of the resulting data.

ship, suggesting a two-component model for the data; this

two-component model was statistically preferred over a sin-

gle-site model in all three experiments (p < 0.01, F test).

Analysis of the data revealed a high affinity component with

an affinity of 0.14 ± 0.01 nM (mean ± standard error) and a

low affinity component with an affinity of 1.59 ± 0.09 nM. The

numbers of corresponding striatal sites labeled by I ‘2511RT1-

121 were 295 ± 6 and 472 ± 59 pmollg oftissue (original wet

weight), respectively. Intrastriatal injections of 6-OHDA re-

suited in >90% loss of specific �25I1RTI-121 binding in stri-

atal membranes (Fig. 3). Analysis of saturation experiments

conducted on tissue pretreated with 6-OHDA indicated that

this reduction was a combination of a complete loss of the

high affinity binding component and a partial loss of the low

affinity component.

Similar results were obtained with CD-i mouse striatum
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Fig. 1. Association (top) and dissociation (bottom) of [125l]RTI-121
with rat striatal membranes. Association of 15 �M [125l]RTI-121 was
determined by incubating striatal membranes (0.1 mg/assay tube) at
22-24#{176}for various times. Inset, the first 1 5 mm of one experiment on
an expanded scale, to more clearly show the two phases of asso-
ciation. The dissociation rate was determined (after equilibrium had
been reached) by the addition of 1 �.tM unlabeled RTI-121 and
termination of the reaction by rapid filtration at various times. Data
from both the association and dissociation experiments were fitted
by the KINETIC program to a biexponential model. The results are
the means of two experiments, with triplicate determinations.

Fig. 3. In vitro autoradiographic analysis of the striatal [125l]RTI-1 21
binding in untreated (left) and 6-OHDA-treated (right) rat striatum. The
autoradiograph was generated by incubation of mounted rat brain
slices with 15 �M [125l]RTI-121 , as described in Materials and Methods.
Intense labeling of striatal DATs is present in the untreated brain,
whereas little or no label can be observed in the 6-OHDA-treated
striatum.
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(four experiments), using a fixed concentration of labeled

RTI-12i ( 15 pM) and increasing concentrations of unlabeled

RTI-121 (1 �M to 100 nM). The two-component model of the

data was statistically preferred over a single-component

model (p < 0.01, F test). Scatchard transformation of the

data indicated that the affinities in mouse tissue were simi-

lar to those observed in rat tissue. The affinity of the high

affinity, low capacity component was 0. 12 ± 0.02 �M (mean ±

standard error), and the affinity for the low affinity, high

capacity component was 2.48 ± 0.75 nrvi. The numbers of high

and low affinity mouse striatal sites labeled by [‘251]RTI-121

were 128 ± 33 and 637 ± 168 pmollg of tissue (original wet

weight), respectively.

Pharmacological analysis of specific [‘251]RTI-i21

binding. The pharmacological profile of specific [1251]RTI-

121 binding in the rat striatum was studied using a wide

variety of drugs that are known to bind to the DAT, NE

transporter, and 5-HT transporter. The overall pattern of

inhibition ofspecific [12511RT1-121 binding was characteristic
for the DAT (Table 1). Specifically bound [‘2511RT1-121 was

displaced by ( - )-cocaine with a potency that was approxi-

mately 270 times greater than the potency of the (+ )-isomer.

The rank order of potency for the two-site cocaine congeners

was RTI-121 > WIN 35,428 > (-)-cocaine � (+)-cocaine. The

single-site DA uptake inhibitors displaced specific [‘251]RTI-

121 binding with a rank order ofGBR 12935 = GBR 12909>

mazindol > benztropine > nomifensine, consistent with the

pharmacology of the DAT. Upon examination of total

�25I1RTI-12i binding (Fig. 4), it was noted that cocaine and

its two-site analogs displaced approximately 95% of the

bound ligand, whereas GBR 12909, nomifensine, and benz-

TABLE 1

Inhibition by various monoamine uptake inhibitors of specific
[125I]RTI-121 binding
The inhibition of 15 �M [125llRTl-121 binding to 0.1 mg of striatal membranes by
various competing compounds was determined as described in Materials and
Methods. The IC50 and Hill slope values were determined using the EBDA
computer program. Values represent the mean of three to five experiments, each
perlormed in triplicate.

IC50 Hill slope

flM

DA uptake inhibitors
Compounds with two binding sites

I (-)-Cocaine 82.65 ± 1 .23 0.82 ± 0.08
2(+)-Cocaine 21,900±427 0.78±0.10
3 WIN 35,428 11.6 ± 0.13 0.82 ± 0.02
4 RTI-121 0.28 ± 0.02 0.84 ± 0.02
5 Benztropine 27.8 ± 2.97 0.78 ± 0.02

Compounds with one binding site
6 Nomifensine 37.5 ± 1 .47 0.97 ± 0.06
7 Mazindol 5.40 ± 0.56 0.93 ± 0.01
8 GBR 12909 0.31 ± 0.02 0.74 ± 0.03
9 GBR 12935 0.11 ± 0.01 0.85 ± 0.04

NE uptake inhibitors
10 Talsupram 4,410 ± 145 1.04 ± 0.07
11 Desipramine 2,190 ± 75.4 1.02 ± 0.02
12 Nisoxetine 214 ± 15.3 1.03 ± 0.09
13 Tomoxetine 243 ± 37.4 0.67 ± 0.04

5-HT uptake inhibitors
14 Citalopram 6,470 ± 175 1 .41 ± 0.11
15 Imipramine 4,320 ± 194 0.91 ± 0.03
16 Amitriptyline 1,560 ± 67.8 1.02 ± 0.09
17 Nortriptyline 1,120 ± 84.0 0.94 ± 0.06
18 Chloripramine 767 ± 7.51 1.00 ± 0.02
19 Paroxetine 184 ± 21.6 1.01 ± 0.11

(Moles/liter)

Fig. 4. Displacement of RTI-121 binding in rat striatum by various DA
uptake inhibitors. Striatal membranes were incubated with 15 �M

[125l]RTI-121 and increasing amounts of various inhibitors. The results
presented are the mean of three independent experiments, each de-
termined in triplicate. The fit of this plot was determined using EBDA.
Open symbols, cocaine and its analogs; closed symbols, non-cocaine-
like compounds.

tropine displaced total [1251]RTI-121 binding by 82%, 86%,

and 88%, respectively. Unexpectedly, mazindol and GBR

12935 displaced [‘2511RT1-121 binding by 95%.

Drugs that act upon the NE and 5-HT transporters were

not potent displacers of specific [12511RT1-121 binding in the

striatum. Further analysis revealed a highly significant cor-

relation (r = 0.98, p < 0.0001) between the ability ofdrugs to

displace specific [1251]RTI-121 binding and their potencies as

DA reuptake blockers (Fig. 5) (20, 36, 37). No such corre-

lation could be obtained with the potencies to inhibit either

NE reuptake (r = -0.12, p = 0.66) or 5-HT reuptake

(r = -0.09, p = 0.75).

Distribution of specific [‘251]RTI-121 binding in rat

brain. The distribution of [1251}RTI-121 binding in the rat

brain closely paralleled the distribution of DA nerve termi-
nals in the rat brain (Fig. 6). Areas such as the striatum,

nucleus accumbens, olfactory tubercle, and substantia nigra,

which are all rich in dopaminergic nerve terminals, were
labeled. The degree of labeling was proportional to the num-
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We previously developed [‘251]RTI-55 as a high affinity

iodinated ligand for the DAT (10, 1 1). However, its affinity

for the 5-HT (1 1, 26-29) and NE (29) transporters limited its

usefulness as a selective DAT probe. As part of our ongoing

characterization of the cocaine binding sites located on the
DAT, we undertook to develop a new ligand that would be

superior to RTI-55 in its selectivity for the DAT. The results

of this study demonstrate the usefulness of [12511RT1-i21 in

l0000L this regard. Thus, like cocaine (4-7), WIN 35,428 (8), WIN

35,065-2 (9), and RTI-55 (10, ii), which reveal high and low

10000 a affinity binding components and biphasic association/disso-

14 ciation kinetics, [‘251]RTI-121 associates and dissociates

1000 from the DAT in two phases and binds to both high and low
� affinity components.

100 In the present experiments, with a concentration of 15 �M

[‘25I]RTI-121 approximately 10% ofthe high affinity sites are

10 labeled, whereas only 1% ofthe low affinity sites are labeled;

a this means that [‘25IIRTI-121 is bound to approximately 29

1 � 12 � � pmollg ofthe high affinity sites and approximately 4.4 pmollg
7 11 � of the low affinity sites. At the present time it is not known

.� I I I I whether there is a difference in pharmacology between the
.1 1 10 100 1000 10000 high and low affinity sites. However, when either the high or

low affinity values oflabeled compounds were compared with

the IC50 of the unlabeled compound to displace l1H1WIN
35,428 from the DAT, there was a strong correlation for both

the high and low affinity values (r = 0.95 and 0.98, respec-

tively).4 The stronger correlation of the low affinity value

may be due to the higher absolute number of low affinity

sites.
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[‘251]RTI-121 Binding Inhibition

Fig. 5. Correlation of the potencies to displace striatal [125lJRTl-121
binding and inhibit the uptake of either DA (top), NE (middle), or 5-HT
(bottom). 1 , (-)-Cocaine; 3, WIN 35,428; 4, RTI-1 21 ; 5, benztropine; 6,
nomifensine; 7, mazindol; 8, GBR 12909; 10, talsupram; 11, desipra-
mine; 12, nisoxetine; 14, citalopram; 15, imipramine; 16, amitriptyline;
17, nortriptyline; 18, chloripramine; 19, paroxetine. Values for inhibition
are from reports by Anderson (20) and Hytell and Larsen (36, 37) and
Bojaetal. (31).

ber of dopaminergic neurons in that area. The rank order of

labeling was striatum > nucleus accumbens � olfactory tu-

bercle > substantia nigra. Areas without dopaminergic neu-
rons were not labeled.

This pattern of distribution is in sharp contrast to the

brain areas labeled by [‘25IIRTI-55 (compare Fig. 5, top and

bottom). Whereas dopaminergic neuron-rich areas were la-

beled by [‘251]RTI-55, areas that are rich in serotonergic

neurons, such as the cerebral cortex, hippocampus, brain-
stem, hypothalamus, and thalamus, were also intensely la-
beled. The areas most intensely labeled by [1251]RTI-55 in-

Previous work has determined that the two binding sites

observed for the cocaine analog [3HJWIN 35,428 arise from a

single expressed cDNA (38). Calligaro and co-workers (6, 39)

suggested that the cocaine binding site is an allosteric pro-
tein, with DA and Na � acting as allosteric modulators that

stabilize the lower affinity state for cocaine. There is some

evidence to support the idea that the high and low affinity
binding states for cocaine and its analogs actually represent

two interchangeable affinity states, rather than two distinct

sites. Pristupa et al. (24) compared K1 values of various com-

pounds for the inhibition of�3H1DA uptake with the K, values

for the inhibition of [3HIWIN 35,428 binding; a strong corre-

lation was found between the K, values of the various uptake

blockers for inhibition of the high affinity component of bind-

ing and the K, values for inhibition of [3H]DA uptake. In an

elegant series ofexperiments by Laruelle et al. (40), the effect

of temperature upon the ratio of high affinity to low affinity
states was demonstrated. The number of high affinity

�25I]RTI-55 binding sites in baboon striatum was reduced

when the incubation temperature was raised from 22#{176}to 37#{176}.

The reduction in the number of high affinity sites was ac-

companied by an increase in the number of low affinity

[125IIRTI-55 binding sites. An additional experiment demon-

strated partial reversal ofthe temperature effect observed, in

that tissue preincubated at 37#{176}and then assayed at 22#{176}

(1�I]RTl-121 Labeling of the DAT 783

4 J. W. Boja, unpublished observations.
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Fig. 6. In vitro autoradiographic distribution of [1251JRTl-121 (top) and [125l]RTI-55 (bottom) binding. The autoradiographs were generated by
incubation of mounted rat brain slices with 1 5 �M concentrations of either [125l]RTI-121 or [125I]RTI-55, as described in Materials and Methods. The
distribution of [125l]RTI-1 21 was limited to areas rich in dopaminergic innervation, such as the striatum, nucleus accumbens, olfactory tubercle,
and substantia nigra. With [125l]RTI-55, dopaminergic neuron-rich areas were labeled and areas that are rich in serotonergic neurons, such as the
cerebral cortex, hippocampus, brainstem, hypothalamus, and thalamus, were also intensely labeled. The areas of most intense labeling include
the substantia nigra, superior colliculus, striatum, and brainstem. Weaker labeling was observed in the entire midbrain area, cerebral cortex, and
hippocampus.

revealed a partial (72%) return to control values. Separation

of the high affinity and low affinity components of [3HIWIN

35,428 binding using an isothiocyanate analog of cocaine has

been reported (41). Preincubation of rat striatal membranes

with 1 �M m-isothiocyanatobenzylecgonine methyl ester re-

duced but did not eliminate the high affinity component of

[3HIWIN 35,428 binding. In addition, increasing the concen-

tration of m-isothiocyanatobenzylecgonine methyl ester to

either 10 or 100 p.M completely eliminated the high affinity

component.

It has been suggested that cocaine binds to a site different

from those recognized by either GBR-12935 or mazindol (17,

18, 20-22, 24, 25) and that these sites may be overlapping

allosteric sites. In contrast, Reith and co-workers (42, 43)

suggested that there is only a single site that cocaine, mazin-

dol, and GBR-12935 recognize. Furthermore, the single site

recognized by these compounds exists only in the high affin-

ity state. However, the concept of a single high affinity bind-

ing component for cocaine is at odds with the present data

and those of others (4-8, 10, ii, 15, 24, 28). More likely, the

cocaine binding site exists in both high and low affinity states

and certain conditions favor the observation of either one or

two affinity states.

The observed difference in the ratio of high to low affinity

sites between rats and mice may simply be a species differ-

ence. Because identical binding conditions were used in both

experiments, it seems likely that the difference in binding

ratios observed is an effect other than a species difference.

Recently, Reith and Selmeci (42) suggested that the binding

properties of the high affinity component may indeed be

species specific and that a species difference in the DAT may

also account for the lack of complete inhibition of [3HIGBR

12395 binding in monkeys, compared with mice. Indeed,

there seems to be 93% homology between the human and rat

DATs at the amino acid level (44). If a similar or greater

difference exists between the monkey and mouse DATs, then

the binding properties of the two transporters would be ex-

pected to differ.

[1251]RTI-121 labels a similar number of sites as does

[1251]RTI-55 (ii) in rat striatum and slightly more sites than

does [3H]WIN 35,428 (8); however, this difference is most

likely due to the use of Tris buffer in the [3HIWIN 35,428

study, as well as a different species (monkey). Tris buffer is

known to affect the binding capacity of a number of ligands

(39, 45), including cocaine.

The pharmacological profile of[’25I]RTI-121 binding in the
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striatum is similar to that of [3H]cocaine (4-7), [3H]WIN

35,428 (8), [3H]WIN 35,065-2 (9), and [3H]RTI-55 (10, 11).

Specifically, compounds known to inhibit DA reuptake are

effective inhibitors of[’25IJRTI-121 binding, with roughly the

same rank order as their potencies to inhibit [3H]cocaine

binding at the DAT (Table 1, 1-9), whereas compounds clas-

sified as either NE or 5-HT reuptake inhibitors are substan-

tially less potent in inhibiting [1251]RTI-121 binding (Table 1,

10-13 and 14-19, respectively). Moreover, the functional sig-

nificance ofRTI-i21 as a selective inhibitor ofDA reuptake is

confirmed by the robust correlation (r = 0.98) of the radioli-

gand binding data for seven DA reuptake inhibitors, three

NE reuptake inhibithrs, and six 5-HT reuptake inhibitors

with their potencies to inhibit DA reuptake. No correlation
was apparent for either the NE or 5-HT transporter. These

observations, taken together, indicate that [‘25IIRTI-121

binds to the DAT.

The autoradiographic distribution of[1251]RTI-121 binding

in the rat brain is also consistent with that of the DAT.

[‘25I]RTI-121 binding is observed in areas ofthe brain rich in

dopaminergic neurons, and it is absent in other brain areas.

Comparison of {12511RTI-121 and [‘251]RTI-55 binding under

identical autoradiographic conditions confirms the greater

selectivity of [1251]RTI-121 for the DAT. The pattern of dis-

tribution to the dopaminergic system seen within rat brain
was also observed in autoradiographic images of human

brain obtained using [‘251]RTI-121.5 A similar pattern of

distribution was observed using the selective cocaine analog
[3HIWIN 35,428 (46). In contrast, imaging studies using

[‘25IIRTI-55 revealed the distribution ofboth DATs and 5-HT

transporters (11, 27). Thus, because [1251JRTI-55 has a dis-

tribution pattern resembling that of cocaine, it is useful for

examining the overall distribution of cocaine binding sites,

whereas the high affinity, low background binding, and su-

perior selectivity of[’25I]RTI-12i make it an excellent ligand

for the study of the DAT.

The present study also demonstrates that, with the excep-

tion of mazindol and GBR 12935, noncocaine ligands do not

fully displace E1251]RTI-121. These findings are consistent

with, and expand upon, a previous report (8). Specifically,

whereas cocaine and structurally similar analogs displace

95% of total [‘25IJRTI-121 binding, noncocaine analogs such

as GBR 12909, nomifensine, and benztropine displace

[‘25I]RTI-121 by only 82%, 86%, and 88%, respectively. Thus,

it appears that these agents do not recognize all sites labeled

by [125I]RTI-12i, in agreement with the suggestion (8) that

noncocaine ligands may recognize only a subset of sites la-

beled by cocaine congeners. Cocaine itself appears to recog-

nize sites other than those labeled by mazindol (23) and GBR

12935 (24, 25). Additional work is needed to fully understand

the implications of these findings.

The results ofthis study indicate that [‘25IJRTI-121 may be

a preferred ligand for the DAT. Its very high affinity, low

background binding, and superior selectivity for the DAT

make it an excellent ligand for the study of the DAT.

5 J_ Staley, J. W. Boja, F. I. Carroll, H. Seltzman, C. D. Wynck, A. H. Lewin,
P. Abraham, and D. C. Mash. Mapping the dopamine transporter in human

brain with the novel cocaine analog [‘25IIRTI-121, manuscript in preparation.
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