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SUMMARY

In order to label D2 dopamine receptors selectively and covalently by means of a
photosensitive compound, azidoclebopride was synthesized directly from clebopride. The
dissociation constant (KD) of clebopride for the D2 dopamine receptor (canine brain
striatum) was 1.5 nM, while that for azidoclebopride was 21 nM. The affinities of both
clebopride and azidoclebopride were markedly reduced in the absence of sodium chloride.
In the presence of ultraviolet light, azidoclebopride inactivated D2 dopamine receptors
irreversibly, as indicated by the inability of the receptors to bind [3H]spiperone. Maximal
photoinactivation of about 60% of the D2 dopamine receptors occurred at 1 �tM azidocle-
bopride; 30% of the receptors were inactivated at 80 nM azidoclebopride (pseudo-IC50).
Dopamine agonists selectively protected the D2 receptors from being inactivated by
azidoclebopride, the order of potency being (-)-N-n-propylnorapomorphine > apomor-

phine > (±)-G,7-dihydroxy-2-aminotetralin > (+)-N-n-propylnorapomorphine > dopa-
mine > noradrenaline > serotonin. Similarly, dopaminergic antagonists prevented the
photoinactivation of D2 receptors by azidoclebopride with the following order of potency:
spiperone > (+)-butaclamol > haloperidol > clebopride > (-)-sulpiride > (-)-butaclamol.
The degree of D2 dopamine receptor photoinduced inactivation by azidoclebopride was
not significantly affected by scavengers such as p-aminobenzoic acid and dithiothreitol.
Furthermore, irradiation of striatal membranes with a concentration of azidoclebopride
sufficient to inactivate dopamine D2 receptors by 60% did not significantly reduce
dopamine D1, serotonin (52), benzodiazepine, a�- or fl-noradrenergic receptors. This study
describes the use of a novel and selective photoaffinity ligand for brain dopamine D2
receptors. The molecule, in radiolabeled form, may aid in the molecular characterization
of these receptors.

INTRODUCTION

Two distinct types of receptors for dopamine, termed
D1 and D2 receptors, exist in brain striatum (1-4). The
D1 receptors stimulate adenylate cyclase and they are
virtually insensitive to substituted benzamide neurolep-
tics (e.g., sulpiride). D2 dopamine receptors, however,
inhibit adenylate cyclase activity (5, 6) and have a pico-
molar or nanomolar affinity for all neuroleptics including
the benzamides. The D2 dopamine/neuroleptic receptor
has many functional correlates with a number of dopa-
minergic behaviors, including rotation, locomotion, eme-
sis, and stereotypy (1).

While considerable progress has been made in the
molecular characterization of �3-adrenoceptors (7), at-
tempts to isolate dopamine D2 receptors (8) have been
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hampered by the lack of specific and suitable ligands.
Irreversible ligands, such as N-chloroethylapomorphine
(9-13), phenoxybenzamine (14, 15), N-ethoxycarbonyl-

2-ethoxy-1,2-dihydroquinoline (16), and flupenthixyl
chloride (17, 18), have been too low in affinity and/or
selectivity for the receptor to be of value in dopamine D2
receptor isolation and purification. Similarly, attempts

to purify dopamine D2 receptors selectively by affinity

chromatography (19), preparative isoelectric focusing
(20), and immunoaffinity chromatography (21) have re-

sulted in only low enrichment of receptors.
The development of photoaffinity probes as covalent

labels for both the a- and j3-adrenergic receptors (7, 22,

23) has served to elucidate the molecular structure of
these receptors. Although suitable photoaffinity probes
for brain dopamine receptors have not previously been
developed, attempts have been made to photolabel do-

pamine receptors with existing ligands, such as dopamine

and chlorpromazine (24-26). There is no convincing

evidence, however, that these photolabeling interactions
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correspond specifically with either dopamine D1 or D2
receptors (27, 28).

In order to obtain a selective photoaffinity probe for
brain dopamine D2 receptors, we prepared a photolabile
derivative (azidoclebopride) ofthe substituted benzamide
clebopride. We describe here the ability of azidoclebo-

pride to photolabel selectively brain dopamine D2 recep-
tors. A preliminary report of this work has appeared
elsewhere (29).

MATERIALS AND METHODS

Drugs. [3H]Spiperone (21-23 Ci/mmol), [3HJflupenthixol (10.8 Ci!

mmol), [3Hjketanserin (64.6 Ci/mmol), [3H]prazosin (28 Ci/mmol),

[3H]rauwolscine (84.4 Ci/mmol), [3H]dihydroalprenolol (105 Ci/mmol),

and [3Hjflunitrazepam (84 Ci/mmol) were obtained from New England

Nuclear (Boston, MA).

Drugs were generously donated by the following pharmaceutical

firms: Ayerst Research Laboratories (Montreal, Quebec), (+)-butacla-

mol; CIBA-Geigy Corporation, (Dorval, Quebec), phentolamine hydro-

chloride; Hoffmann-LaRoche (Vaudreuil, Quebec), clonazepam; Impe-

rial Chemical Industry, (U. K.), propranolol; Janssen Pharmaceutica

(Beerse, Belgium), spiperone, haloperidol; Merck Frosst Laboratories

(Dorval, Quebec), (-)-apomorphine; Schering Corporation (Bloomfield,

NJ), SCH-23390; E. R. Squibb and Sons Incorporated (Princeton, NJ),

cinanserin; Ravizza (Milan, Italy), (S)-sulpiride.

We thank Dr. R. Spickett and Labortorios Almirall, Barcelona, for

their generous donation of clebopride (N-(N-benzyl-4-piperidinyl)-4-

amino-5-chloro-2-methoxybenzamide).

(±)-6,7-ADTN,’ (-)-butaclamol, and (-)- and (+)-NPA were pur-

chased from Research Biochemicals (Wayland, MA). Dopamine hydro-

chloride, (-)-noradrenaline hydrochloride, serotonin hydrochloride, p-

aminobenzoic acid, and dithiothreitol were purchased from Sigma
Chemical Company (St. Louis, MO). All other chemicals and reagents
were purchased from either Sigma Chemical Co. or Fisher Scientific

Company (Pittsburgh, PA).

Preparation of N-(1 ‘-benzyl-4’-piperidyl)-2-methoxy-4-azido-5-chlo-

robenzamide (azidoclebopride). Clebopride (190 mg/0.51 mmol) was

dissolved in 1.2 ml of concentrated hydrochloric acid and 2 ml of water,

cooled to 0-5”, sodium nitrate (365 mg) in 1.3 ml of water was added,

and the reaction mixture was stirred for 0.5 hr at 0-5”. Sodium azide

(325 mg) in 1.3 ml of water was then added. The solid that precipitated

out of solution was recrystallized from 0.8 ml of absolute ethanol to

give 80 mg (42%) ofazidoclebopride (m.p. 200-201#{176} dec.) (mass spectra,

m/z 399; analysis calculated for C�oH22ClNsO2:C 53.46; H 5.79; N 15.59;

found: C 53.73; H 5.42; N 15.79). The structure of clebopride and

azidoclebopride are illustrated in Fig. 1.

Membrane preparation. Striata were dissected from frozen canine

brains (Pel-Freeze Biologicals, Rogers, AR) and homogenized (Brink-

mann Polytron; PT-b, setting 7) for 20 sec in 20 ml of 50 mM Tris-

HC1 buffer containing: 1 mM EDTA-acid, 5 mM KC1, 1.5 mM CaCl2, 4

mM mgCl2.6H2O and 120 mM NaCl (when present), pH 7.7 at 22’.

:!;Q:�ZK3�0H2�O

R1 = NH2 Clebopride

R1 = N3 Azidoclebopride
FIG. 1. Structure of clebopride and azidoclebopride

I The abbreviations used are: ADTN: (±)-2-amino-6,7-dihydroxy-

1,2,3,4,-tetrahydronaphthalene; NPA: N-n-propylnorapomorphine; hv,

light.

Homogenates were centrifuged (0-4’) for 30 mm at 49,000 x g; the

resulting pellets were resuspended in 20 ml ofbuffer and recentrifuged.

The final pellets were resuspended in buffer to yield a tissue concen-

tration (original wet weight) of 4.5 mg/ml (or 15 mg/ml for irradiation
experiments), homogenized for an additional 10 see, and preincubated

for 10 mm at 37’.
[3H]Spiperone-binding assay. For competition experiments, assays

were initiated by the addition of 0.5 ml of cooled membrane suspension

(2.25 mg of tissue) to a mixture of 0.25 ml of 50 mM Tris-HC1 buffer,

as above, with or without 120 mM NaC1 (pH 7.4 at 22’), 0.25 ml of [3H]
spiperone (80-109 pM, final concentration) and 0.5 ml of buffer or

competing drug. Mixtures were incubated in triplicate for 120 mm (22’)

under subdued light. Incubations were terminated by rapid filtration

under vacuum (450-550 mm Hg) through a Titertek cell harvester
(Skatron; Sterling, VA) using glass fiber filter mats (Skatron). The

filters were rinsed for 15 sec (approximately 10 ml) with 50 mM Tris-

HC1 buffer, pH 7.4 (at 22’), placed in plastic miniscintillation vials,

equilibrated with 4 ml of Scint-A (Packard, Chicago, IL) scintillation
fluid for at least 12 hr by shaking, and monitored for tritium in a

Packard 460 C scintillation spectrometer with 43% efficiency.

For saturation experiments, aliquots of tissue homogenates (0.5 ml)
were incubated in triplicate with 15 concentrations of [3H]spiperone

(10-2000 pM) for 45 mm at 37’ in a total volume of 1.5 ml of the Tris

buffer described above, at pH 7.4. Incubations were terminated by rapid

filtration, as previously described. For all experiments, the specific

binding of [3Hjspiperone was defined as that binding which was in-

hibited by 1 �M (+)-butaclamol.
Data from both competition and saturation experiments were ana-

lyzed by the nonlinear least squares curve-fitting computer program

LIGAND (written by Munson and Rodbard of National Institutes of

Health) as previously described (30).
Other3H-ligand-bindingassays. [3H]Ketanserin (1 nM), [3H]prazosin

(0.9 nM), [3H]rauwolscine (2.75 nM), and [3H]dihydroalprenolol (5.0

nM, final concentration) binding to striatal serotonergic (S2), a1-, a2-,

and �9-adrenergic receptors, respectively, were assayed in quadruplicate

(30-mm incubation at 37’) under conditions identicalto those described
for [3H]spiperone.

[3H]Flunitrazepam (1 nM, final concentration) binding to striatal

benzodiazepine receptors was measured in quadruplicate in Tris buffer

(as above) in the presence of 100 �zM ‘y-aminobutyric acid. Assay
mixtures were incubated for 90 mm at 0-4’.

[3H]Flupenthixol (0.7 nM, final concentration) binding was meas-

ured in quadruplicate (30 mm at 37’) in the presence of3O nM spiperone

to preclude this D1 3H-ligand from labeling D2 receptors.
Nonspecific binding for [3H]ketanserin, [3Hjprazosin and [3H]rau-

woiscine, [3H]dihydroalprenolol, [3H]flunitrazepam, and [3H]flupen-

thixol were defined by 1 �iM (final concentration) cinanserin, phentol-
amine, (-)-propranolol, clonazepam, and (+)-butaclamol, respectively.

Photolysis. Aliquots of cooled tissue suspension were incubated in
the dark with azidoclebopride (1 �M, final concentration, unless stated

otherwise) for 60-90 mm at 22’ in the absence or presence of protecting

drugs. For photolysis, a 15-ml suspension was placed in an uncovered

plastic Petri dish (100 x 13 mm, Fisher) 11 cm away from a light source

(85-W Hg lamp: Gates, Thomas Co., Philadelphia) and irradiated for

30 sec without stirring (fluid depth, 3-4 mm). In preliminary experi-

ments, photolysis was also obtained with a hand-held Mineralight UVS-
11 (254 nm). Aliquots (10 ml) of the irradiated tissue were placed in

aluminum foil-covered centrifuge tubes and centrifuged for 15 mm at

49,000 x g (0-4’). Pellets were resuspended in 15-20 ml of Tris buffer

(as above) containing 0.5% bovine serum albumin, incubated for 10
mm at 37’, and recentrifuged. This washing and incubation procedure

was repeated one additional time followed by resuspension and centrif-

ugation in buffer containing 0.25% bovine serum albumin. The albumin
was removed from the pellets by resuspension and recentrifugation in

20 ml of fresh buffer. Finally, the resulting pellets were resuspended in

buffer to yield a tissue concentration (original wet weight) of 4.5 mgI

ml and assayed for D2 receptors with [3Hjspiperone (1 nM, final

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 5, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


DOPAMINE D2 RECEPTOR PHOTOLIGAND 195

both azidoclebopride and clebopride and then subjected

concentration, or 0.01-2.0 nM for Scatchard analysis) as described
above.

RESULTS

Competition of [3H]spiperone binding by azidoclebo-
pride. In competition binding experiments with [3H]
spiperone (80-100 pM), both clebopride and azidoclebo-
pride were found to bind (in the presence of 120 mM

sodium chloride) with high affinity to D2 receptors, the
dissociation constants (KD) being 1.5 and 21 nM, respec-
tively (Fig. 2). As with all the substituted benzamides,

the affinity of these drugs was markedly dependent on
the presence of sodium ions. Thus, as shown in Fig. 2,
the KD of both clebopride and azidoclebopride was in-
creased by a factor of 25 in the absence of physiological
concentrations of sodium chloride (to 48 and 476 nM,
respectively).

Photoinduced inactivation of [3H]spiperone binding by
azidoclebopride. Concentration effect curves for the pho-
toinactivation of striatal dopamine D2 receptors by azi-

doclebopride are in Fig. 3. Irradiation of brain mem-
branes for 30 sec in the presence of varying concentra-
tions of azidoclebopride, followed by extensive tissue
washing, reduced the specific binding of [3H]spiperone
(1 nM) in a concentration-dependent fashion.

Preliminary characterization of the continuous UV
absorption spectra of azidoclebopride (in Tris-ion buffer)
revealed that the characteristic shoulder observed at 225-

230 nm was no longer present or was greatly diminished
after irradiation for 30 sec, indicating that the azido
group was inactivated at this time period (data not
shown).

The duration of hv exposure was chosen to maximize

the photolysis-induced inactivation of dopamine D2 re-
ceptors by azidoclebopride without loss of D2 receptor
activity due to hv exposure alone (data not shown).

In the presence of 120 mM NaCl, photoinduced mac-
tivation of D2 receptors by azidoclebopride proceeded
with a pseudo-ICro of 80 nM and corresponded with the

IC50 value obtained in reversible competition experi-
ments (see Fig. 2). In the absence of sodium ions, the
ability of azidoclebopride to photoinactivate D2 receptor
activity was markedly reduced to a pseudo-IC� value of
4000 nM (Fig. 3). This value was in close agreement with

the IC50 value obtained in competition experiments with
[3H]spiperone in the absence of NaC1 (see Fig. 2).

Maximal photoinactivation was attained with 1 �.tM

azidoclebopride and typically represented a loss of 60%

of the total number of sites labeled by [3H]spiperone.
Reducing the tissue concentration to 7 mg/ml buffer
(from 13 mg/ml) during irradiation did not significantly
improve the efficiency of photoinactivation (data not
shown).

Maximal photoinactivation of striatal dopamine D2
receptors with azidoclebopride (1 �tM) reduced the Bmax
for [3H]spiperone binding by 55-60% without signifi-

cantly affecting the KD of [3H]spiperone for the receptor
(Table 1). Preincubation of brain membranes with azi-
doclebopride without irradiation did not result in any

loss of [3H]spiperone-binding activity. In addition, as
shown in Table 1, membranes which were incubated with

to photolysis showed no loss of [3H]spiperone binding.
Other control preparations were carried out and are

described in the figure legends.
Dopamingeric protection of [3H]spiperone binding from

photoinactivation by azidoclebopride. The ability of var-
ious doparnine agonists and antagonists to protect
against maximal photoinactivation by azidoclebopride is
illustrated in Fig. 4. Incubation of brain membranes with
varying concentrations of dopamine agonists and antag-

onists clearly protected the specific photoinactivation of
D2 receptors by azidoclebopride. Protection was both

stereoselective and concentration-dependent. Agonist

protection displayed a dopamine D2 receptor profile with
the following rank order of potency: (-)-NPA > (-)apo-

morphine > (±)-ADTN > (+)-NPA > dopamine > nor-
adrenaline > serotonin.

Similarly, dopaminergic antagonists prevented the
photoinactivation of dopamine D2 receptors with the

following order of potency: spiperone > (+)-butaclamol
> haloperidol > clebopride > (-)-sulpiride > (+)-buta-
clamol. The dopamine D1 selective receptor antagonist

SCH-23390 was virtually without protective effects. The
receptor protection afforded by a variety of dopaminergic

agonists and antgonists clearly suggests that the photo-
inactivation by azidoclebopride occurred via a receptor-

specific mechanism.

Specificity ofphotoinactivauon by azidoclebopride. The

selectivity of azidoclebopride for dopamine D2 receptors
following irradiation was investigated. As shown in Fig.
5, preincubation of brain membranes with a concentra-

tion of azidoclebopride (1 jsM) sufficient to photoinacti-
vate 60% of the total number of [3H]spiperone-binding
sites did not significantly reduce striatal dopamine D1,
serotonin 52, benzodiazepine, or a�- or f�-athenergic re-
ceptors under the assay conditions used in the present

experiments. A consistent reduction, however, in striatal
[3H]rauwolscine binding to a2-adrenoceptors was ob-

served (control: 6.15 fmol/rng of tissue; photolysed: 4.8
fmol/mg of tissue; n = 5, p > 0.05 as determined by
Student’s two-tailed t test for independent samples).

Mechanism of photoaffinity labeling of dopamine D2
receptor by azidoclebopride. The ability of azidoclebopride
to photoinactivate D2 receptors was largely dependent

on the integrity of the azido moiety and the generation
of short-lived reactive intermediates within the vicinity

of the receptor during photolysis. As shown in Fig. 6,
preillumination of a 15 jzM solution of azidoclebopride in

Tris-ion buffer for various time periods (in the absence
of receptors) severely limited the subsequent photoinac-
tivation of D2 receptors, suggesting that aryl nitrene
intermediates generated during photolysis were scav-
enged by the surrounding solvent.

The mechanism of photoaffinity labeling by azidocle-
bopride was also investigated in the presence of the

scavengers p-aminobenzoic acid and dithiothreitol. Ali-

quots of striatal membranes were exposed to either azi-
doclebopride (1 tiM), p-aminobenzoic acid (1 mM), or
dithiothreitol (1 mM) for 90 mm (at 22#{176}),photolysed,
and extensively washed as described. Subsequent [3H]

spiperone binding revealed that p-aminobenzoic acid or

dithiothreitol alone did not inactivate D2 receptors (Ta-
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FIG. 2. Competition of [3Hjspiperone binding to striatal dopamine D2 receptors by azidoclebopride and clebopride

Canine striatal membranes were incubated under reduced light, with varying concentrations of competing ligand and 80-100 pM [3H}spiperone

for 120 mm at 22’ in the presence or absence of 120 mM NaCl. The KD values for [3H]spiperone (80 pM) were determined in a separate series of

experiments by Scatchard analysis. Data were analyzed by the nonlinear least squares curve-fitting program LIGAND. Each experimental point

is the mean of triplicate determinations with standard errors of less than 4% and is representative of two such independent experiments.

ble 2). More significantly, however, both scavengers did D2 receptors, and that upon photoinactivation covalent
not prevent the photoinactivation of dopamine D2 recep- interactions with the receptor are formed.
tors by azidoclebopride. First, in reversible competition experiments, azidocle-

bopride inhibited the binding of [3H]spiperone to dopa-

DISCUSSION mine D2 receptors with a K1 value of 21 and 476 nM in
the presence or absence of sodium chloride, respectively.

These experiments suggest that azidoclebopride binds The affinity of azidoclebopride for dopamine D2 receptors
specifically and with high affinity to striatal dopamine was approximately 10-fold lower than the parent corn-
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2 H. B. Niznik and P. Seeman, unpublished observations.

FIG. 3. Concentration effect curves for the photoinactivation of stria-

tat dopamine D2 receptors by azidoclebopride

Aliquots of tissue suspension (15 ml) were incubated under reduced
light with increasing concentrations of azidoclebopride (1012_105 M)

for 90 mm at 22’ in the presence or absence of 120 mM sodium chloride.

The mixtures were then placed in uncovered plastic Petri dishes,

photolysed for 30 sec, and extensively washed to remove noncovalently

bound ligand as described in Materials and Methods. D2 receptor
activity remaining after photolysis was measured using [3Hjspiperone
(1 nM, final concentration) as described in the text. Control tissues
were irradiated (in the presence or absence of 1 x i0� M clebopride),

washed, and assayed for [3H]spiperone as described above. Each point

represents the mean of quadruplicate determinations with standard

error of less than 5%.

TABLE 1

Irreversible blockade of dopamine D2 receptors by azidoclebopride

Striatal membranes were incubated for 90 mm at 22”, in the absence

or presence of acidoclebopride and protecting drug as indicated, pho-
tolysed for 30 sec, and extensively washed to remove both noncovalently

bound azidoclebopride and protecting agent. Aliquots of washed brain
membranes were incubated with 15 concentrations of [3H]spiperone
(10-2000 pM) for 45 mm at 37’ and assayed for accessible dopamine
D2 receptor sites. B,,� (pmol/g original wet weight) and KD (pM) values

(±SE) were estimated by the nonlinear least squares computer program

LIGAND.

Treatment/addition Dopamine D2 receptor

concentration
Receptor

affinity KD

pmol/g tissue p�

1. Nonirradiated 18 ± 0.72 98 ± 14

2. Irradiated 17 ± 1.0 100 ± 13

3. Irradiated in presence of azi-

doclebopride (1 �zM) 7 ± 0.40 110 ± 19

4. Irradiated in presence of azi-

doclebopride (1 �M) and cle-
bopride (2 �M) 17 ± 0.86 99 ± 13

5. Nonirradiated in presence of

azidoclebopride (1 �M) and
clebopride (2 .tM) 19 ± 1.0 113 ± 11

pound and probably reflects the decreased lipophilic na-
ture of the molecule. Furthermore, azidoclebopride be-
haved as a classical substituted benzamide in that sodium
chloride was essential for high affinity binding to D2
dopamine receptors.

Second, evidence for the covalent interaction of azi-
doclebopride following photolysis was shown by the fact
that [3H]spiperone-binding activity was not restored to

control values even after extensive membrane washing.

FIG. 4. Protection of [3H]spiperone-binding sites against photoinac-

tivation by azido&bopride

Canine striatal membranes were co-incubated with azidoclebopride

(1 tiM, final concentration) and various concentrations of protecting
agent for 60-90 mm at 22’, photolysed for 30 see, and extensively
washed to remove noncovalently bound azidoclebopride and the pro-

tecting drug. D2 receptors remaining after photolysis were measured

using [3Hjspiperone (1 nM, final concentration) as described in the
text. Each experimental point represents the mean of one to three

independent determinations each in quadruplicate with standard error

of less than 8%. Protection of [3Hjspiperone binding = (Bpse Bp�)/
� - B��) x 100%, where � is the specific binding of [3H]

spiperone after photolysis in the presence of azidoclebopride alone,
Bpas �5 the binding after irradiation with azidoclebopride and protecting
drug, and B,,,,� is that after photolysis in the presence of the highest

concentration of protecting drug used without azidoclebopride. Inclu-

sion of azidoclebopride and protecting drug but without photolysis, or
irradiating membranes with 1 �M clebopride and protecting drug,

followed by extensive membrane washing yielded specific binding val-
ues similar to B,,,�.

Similarly, dopamine receptor inactivation was still evi-
dent in fractions of photolysed and extensively washed
membranes which were subsequently solubilized in 3-[3-

cholamidopropyldimethylamrnonio]-1-propanesulfonate
(10 mM) detergent and assayed for [3H]spiperone binding
activity by Sephadex G-50 chromatography.2

Third, the degree of dopamine D2 receptor blockade

by azidoclebopride was both concentration- and photo-
dependent.
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FIG. 5. Selectivity of azidoclebopride for dopamine receptor photo-

inactivation

Canine striatal membranes were incubated (90 mm at 22’) with

azidoclebopride (1 �sM), photolysed for 30 sec, and extensively washed

as described under Materials and Methods. Control membranes were

treated in an identical manner but without azidoclebopride. Dopamine

D1, D2, serotonergic (52), benzodiazepine, a1-, 02-, and /3-adrenoceptors

were subsequently assayed with an appropriate concentration of 3H-

ligand sufficient to occupy at least 50% of the total number of binding
sites as described in the text. Results are the mean of three to five

independent experiments each determined in quadruplicate. Only [3H]
rauwolscine binding to striatal a2 receptors was found to be affected

(approximately 20% reduction) by azidoclebopride.

. I I I I I

100

90

80

70

60

50

40

30

0L . . . .

0 10 20 30 40 50 60

Illumination time (seconds)

FIG. 6. Preillumination of azidoclebopride: effect on subsequent do-

pamiru? D2 receptor photoinactivation

Aliquots of a 15 �zM solution of azidoclebopride were irradiated with

a 85-W Hg lamp for various time periods. Aliquots (1 ml) of the
irradiated solution were then added to striatal tissue suspensions and
incubated in the dark for 90 mm (22’), photolysed for an additional 30
sec, and extensively washed as described in Materials and Methods.

Control membranes were photolysed in the absence of azidoclebopride.

Aliquots of washed brain membranes were collected and assayed for D2
receptor activity as described in the text ([3H]spiperone, 1 nM, final
concentration). Each experimental point is the means of triplicate

determinations with standard error of less than 5%. The experiment

was repeated with similar results.

Fourth, the photoinactivation of dopamine receptors

by azidoclebopride could be protected by dopaminergic
agonists and antagonists with the appropriate pharma-
cological profile. Although most protection curves (Fig.
4) were right-shifted, the calculated K1 values for antag-

TABLE 2

Effect ofp-aminobenzoic acid and dithiothreitol on dopamine

D2 receptor photoinactivation by azidoclebopride

Aliquots of striatal membrane suspensions were exposed to azidocle-

bopride (Az-Clebo) and/or p-aminobenzoic acid (p-ABA) or dithio-

threitol (DTT) for 60 mm at 22’, irradiated for 30 sec, and extensively

washed as described. Dopamine D2 receptor activity was measured with

[3H]spiperone (1 nM, final concentration). Results are the means

(±SE) of two independent experiments, each determined in quadrupli-

cate.

ho

Treatment/additions

Spe��� boundAz-Clebo
(1�zM)

p-ABA
(1mM)

DTT

(1mM)

+ - - -

cpm filter % control

667±10 100

+ + - - 321±15 48#{176}

- - + - 658±13 99

+ - + - 651±30 98

- + + - 620±23 93

+ + + - 421±17 63#{176}

- - - + 647±22 97

+ - - + 674±11 101

- + - + 663±21 99

+ + - + 306±14 46#{176}

FIG. 7. Correlation between K� values for antagonist protection of

�H]spiperone-binding activity during photolysis and the KD values of

these ligands for [3H] YM-09151-2 binding to dopamine D2 receptors in

canine striatal membranes

Approximate K1 values for dopamine antagonist protection curves

were derived from the Cheng-Prusoff equation: K = IC�,o/(1 + [AZ-

CLEBO]/KD of AZ-CLEBO), where IC� is the concentration of dopa-

minergic antagonist which inhibited dopamine D2 receptor photoinac-

tivation by azidoclebopride by 50%, [AZ-CLEBO] is the concentration

of azidoclebopride (1 �M) used during photolysis, and KD [AZ-CLEBO]
is the dissociation constant of azidoclebopride for striatal dopamine D2
receptors (21 nM) as determined by competition experiments with [3H]

spiperone.

onist protection correlated with K� values obtained from
antagonist competition experiments with [3H]YM-
09151-2 (Fig. 7) in canine striatal membranes.3

3 H. B. Niznik, D. Grigoriadis, I. Pri-Bar, 0. Buchman, and P.

Seeman, submitted for publication.
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Finally, azidoclebopride appears to be a selective pho-
toaffinity ligand for striatal dopamine D2 receptors, since

the specific binding of 3H-ligands to dopamine D1, sero-
tonin 52, benzodiazepine, and a1- and f3-adrenoceptors
was not significantly reduced following photolysis with 1
sM azidoclebopride. Some reduction (approximately

20%) in a2-adrenoceptors was noted and suggests that

azidoclebopride (1 �zM) may have some affinity for these
sites.

Although azidoclebopride (1 MM), in reversible corn-

petition experiments, completely reduced [3H]spiperone-
binding activity, complete photoinactivation of dopa-
mine D2 receptors by this same concentration of azido-

clebopride could not be achieved. Similar findings have
been reported for other photoaffinity ligands (e.g., Ref.
22) and may be in part due to the: (i) biological screening

effect of membranes in the photolysed solution and/or
(ii) photoinactivation of azidoclebopride in solvent buffer
rather than at specific receptor sites (see Fig. 6), thereby
effectively reducing the concentration of reactive pho-
toligand at the receptor.

The mechanism of photoaffinity labeling by azidocle-
bopride was studied in the presence of the scavengers p-
aminobenzoic acid and dithiothreitol. It has been sug-
gested that aryl nitrene intermediates formed during
photolysis may be generated at the occupied receptor site
(true photoaffinity labeling; see Ref. 31) or may be free
in solution and simply diffuse to both specific and non-

specific binding sites (pseudo-photoaffinity labeling).
Since pseudo-photoaffinity labeling is merely another
form of affinity labeling, it is useful to distinguish be-
tween these two mechanisms by photolysing membranes
in the presence of high concentrations of scavengers.

These provide an alternative site for covalent attachment
of reactive intermediates that are generated free in so-

lution (low affinity binding site) but not those generated
within the vicinity of the receptor itself (high affinity

binding site). Inclusion ofp-aminobenzoic acid or dithi-
othreitol did not reduce the ability of azidoclebopride to
inactivate dopamine D2 receptors during photolysis and
suggests that doparnine receptors are photolabeled by a
true photoaffinity mechanism.

In summary, the present results demonstrate that azi-

doclebopride is a specific photoaffinity label for dopa-
mine D2 receptors. The incorporation of 1251 into
azidoclebopride4 may yield a photoactive ligand of suffi-
ciently high specific activity and affinity to be of use in
the isolation of the D2 dopamine receptor. This work is
currently in progress.

4 J. L. Neumeyer, J. H. Guan, H. B. Niznik, A. Dumbrille-Ross, P.

Seeman, S. Padmanabhan, and D. Elmaleh, submitted toJ. Med. Chem.
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