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During recent years, a considerable amount of research has been directed towards the 

characterization and purification of hormone and drug receptors. Neuroleptic drugs are 

thought to act by blocking brain dopamine receptors; in vitro binding assays using either 

E3Hl haloperidol Cl.21 or f3Hl spiperone E31 have provided more direct evidence for this 

interaction. Although f3Hf spiperone was also found to label serotonin-S2 receptors [4f, 

it remains the more appropriate ligand when used with selective displacers since it is 

capable of labeling dopemine receptors both in vitro and in vivo 153 and even when the 

receptor has been reduced to a macromolecular form 163. Dopamine receptors have also been 

identified in human brain by in vitro binding assays Ic71. 

Photoaffinity labeling has been a valuable tool for the elucidation of the molecular 

structure of several receptor sites CB.91. Recently, we developed a photoaffinity compound 

azapride ~4-azido-5-chloro-2-methoxy-N-El-~phenylmethyl)-4-piperidinyllbenzaide) which is an 

aside analogue of clebopride, a selective dopamine antagonist C10.111. The synthesis and the 

binding characteristics in dog striatum will be described elsewhere E123. In the present 

paper. we report on the use of this photoaffinity probe to label dopamine receptors from 

human brain. 

MATERIALS AND AETHODS 

Drugs and chemicals. Drugs were kindly provided by their companies of origin. 

C3Hl Spiperone (22.9 Ci/znnole) was obtained from N.B.N. (Boston, U.S.A.). All cosunon 

reagents were obtained from different suppliers and were of the highest purity available. 

Tissue prenaration. Post-mortem human brains, without any sign of neurological disease, were 

obtained 3 to 10 hours after death (Cliniques Universitaires Saint-Luc, U.C.L., Brussels). 

Putamen and caudate nucleus were dissected and immediately put on ice. An t&P-fraction was 

prepared as previously described C131. This fraction was diluted with 50 II# Tris-HCl pH 7.7 

(buffer A) 1:40 w/v (original wet weight of tissue per volume) and centrifuged for 20 min at 

16 000 rpm in a Sorvall RC5B centrifuge (SS-34 rotor). The pellet was washed once with 

buffer A and again centrifuged. It was then suspended in water (dilution 1:lO w/v) using a 

glass-teflon homogenizer and stored frozen at -8OO C. Before use samples were thawed, 

homogenized in 50 d(. Tris-HCl, pH 7.7 containing 120 IIM NaCl (buffer B) and centrifuged for 

20 min at 16 000 r-pm. The final Pellet was suspended in buffer B at a dilution of 1:50 w/v. 
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Photolabeling. Aliquots of the membrane preparation were incubated with azapride for 15 min 

at 37O C, with or without addition of other drugs, and then cooled in ice. The samples were 

photolyzed in quartz test tubes by irradiation with W-light (long-wavelength, 366 run) at 

4O C and at an average distance of 4 cm using a Camag Universal UV-lamp (Camag, Muttenz. 

Switzerland) equipped with an 8 V low-pressure mercury tube. During the irradiation, samples 

were continuously mixed using a multi-axle rotating mixer. Following photolysis, the samples 

were diluted with buffer A and centrifuged for 15 min at 16 000 rpm. The pellets were washed 

twice with buffer A by homogenization and centrifugation for 10 min at 16 000 rpm. The final 

pellets were suspended in buffer B at a dilution of 1:50 w/v and used for binding assays. 

L3H] Spiperone bindinn. Binding assays were performed as previously described C141. 

Aliquots of the membrane preparation were incubated for 15 min at 3i'O C with 1 ntl 

C3H1 spiperone, with or without addition of various concentrations of unlabeled drugs and 

then filtered under suction through Whatman GF/B glass fiber filters. Specific binding was 

defined as the portion of the total binding which was inhibited by 1 fl domperidone. 

RESULTS 

Affinity of azapride. Azapride and the parent compound clebopride were tested in C3H1 

spiperone binding using human striatal membranes. Azapride competed at relatively low 

concentrations (IC50 -value of 266 + 22 nM, mean + S.D. of two experiments performed in 

triplicate). This was about twelve times higher than that for clebopride (IC50 = 21 + 1 

nW. After being irradiated for 30 min with long-wavelength UV-light the affinity of 

azapride was almost unchanged (IC50 = 224 + 65 nW. 

Photolabelinn of human dopamine receptors. Fig. 1A shows C3H1 spiperone binding to human 

dopamine receptors following preincubation with 10 
-6 

M azapride and irradiation for 

increasing periods of time. C3H1 Spiperone binding decreased rapidly during the first two 

minutes, reaching a minimum after 5 min. In control experiments, without azapride. dopamine 

receptors were found to retain their binding activity even after longer periods of 

irradiation. Fig. 1B shows C3H] spiperone binding in membrane fractions preincubated with 

increasing concentrations of azapride and photolyzed for 10 min. At concentrations between 

10 
-8 

M and 10 
-5 

U of azapride there was an almost linear relationship between 

C3H1 spiperone binding and the azide concentration. At the highest concentration used, 

more than 90 % of receptors were irreversibly labeled. In the absence of photolysis, 

azapride was found to dissociate completely from the receptor at all the concentrations used. 

Specificity of photolabelinp. Fig. 2 shows the competition between different compounds and 

the photolabel for binding to human dopamine receptors. Azapride was used at a concentration 

of 10 
-7 

?l and samples were photolyzed for 10 min. Droperidol and clebopride inhibited at 

nanomolar concentrations, whereas tetralin [2-(N,N-dipropylj-amino-5,6-dihydroxytetralin)] 

163, a potent dopamlne agonist, showed inhibition at slightly higher concentrations. 

Ketanserin, a potent serotonin antagonist, did not inhibit, even at high concentrations. 
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Fig. 1. C3H3 Spiperone binding on human striatal membranes after preincubation with 
azapride and photolysis. 
A. Effect of irradiation during increasing periods of time after preincubation with 

10-6 PI aside. 
B. Kffect of increasing concentrations of aside. during the preincubation which was 

followed by irradiation for 10 min. 

Fig. 2. Inhibition by various compounds of photolabeling with azaprlde. Striatal membrane 
fractions were preincubated with lo-? Pl azapride and Increasing concentrations of 
various drugs. They were subsequently photolyzed for 10 min and assayed for 
C3H3 splperone binding. The difference between binding to a non-photolyzed and a 
maximally photolyzed preparation was taken as the 100 5 control value. Binding in 
membranes maximally photolyzed was taken as the 'blank' and was substracted from all 
results [tetralln = 2-(N,N-dipropyll-amino-5,6- dihydroxytetralinl. 
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DISCUSSION 

Azapride, a selective D2 receptor antagonist Cl23 was found to inhibit C3t11 spiperone 

binding in human striatal membranes with a relatively high affinity. Irradiation with 

UV-light did not affect the affinity of the compound. Following preincubation, azapride was 

found to irreversibly bind to human dopamine receptors after UV-irradiation. The 

photoaffinity reaction was dependent on both time of irradiation and azide concentration. 

Photolabeling with azapride in human striatal membrane preparations was specific for the 

dopamine receptor; it could be inhibited by dopamine agonists and antagonists, but not by a 

potent serotonin antagonist. 

A problem with photoaffinity labeling is the relatively low degree of labeling, which can 

be achieved. This problem was not encountered in the present experimental conditions. since 

azapride labeled up to more than 90 % of receptor sites, when a concentration of 10 
-5 

nwas 

used. Moreover, the amount of labeled receptors was found to be nicely related to the azide 

concentration, the half-maximally effective concentration being 1.3 x 10 -7 M. This value 

correlates nicely with the IC50 -value for inhibition by azapride of C3H1 spiperone 

binding to human striatal dopamine receptors (IC50 = 2.6 x 10 -? rf). 

In conclusion, the results of this study show that azaprlde is a potent photoaffinity probe 

for human brain dopamine receptors. Radioactively labeled azapride is currently being 

synthesized. This new radioactive ligand should be of great help in the isolation, 

purification and further molecular characterization of the human brain dopamine receptor. 

Acknowledgements: We thank Dr. J.H. Maloteaux for providing us the human post-mortem brain 

samples and D. Ashton for help in preparing the manuscript. Part of this work was supported 

by a grant from I.V.O.N.L. 

REFERENCES 

1. P. Seeman, M. Chau-Uong, J. Tedesco and K. Uong, Proc. Natn. Acad. Sci. U.S.A. 72. 4376 
(1975). 

2. I. Creese, D.R. Burt and S.H. Snyder, Life Sci. 17, 993 (1975). 
3. J.E. Leysen, V. Commeren and P.M. Laduron, Biochem. Pharmac. 27. 307 (1978). 
4. J.B. Leysen, C.J.E. Niemegeers, J.P. Tollenaere and P.M. Laduron, Nature 272, 168 (1978). 
5. P. Laduron and J. Leysen, Biochem. Pharmac. 26, 1003 (1977). 
6. H. Gorissen and P. Laduron, Nature 279, 72 (1979). 
7. B.K. Madras, A. Davis, P. Kunashko and P. Seeman, in Psychopharmacology and Biochemistry 

of Neurotransmitter Receptors (Eds. Yamamura. Olsen and Usdin). p. 411. Elsevier/North 
Holland, New York (1980). 

8. J.S. Fedon, G.K. Hogaboom and J.P. O'Donnell, Biochem. Pharmac. 33, 1167 (1984). 
9. A.E. Ruoho, H. Kiefer, P.E. Roeder and S.J. Singer, Proc. Natn. Acad. Sci. U.S.A. 70. 

2567 (1973). 
10. J. Prieto. J. Moragues, R.G. Spickett, A. Vega, U. Colombo, U. Salazar and D.J. Roberts. 

J. Pharm-Pharmac. 29, 147 (1977). 
11. B. Costall, U.H. Funderburk, C.A. Leonard and R.J. Naylor, J. Pharm. Pharmac. 30. 771 

(1978). 
12. U. Vouters, J. Van Dun and P.?l. Laduron, Eur. J. Biochem. (in press). 
13. P.H. Laduron, Int. Rev. Neurobiol. 20. 251 (1977). 
14. J.E. Leysen, U. Gonnneren and P.U. Laduron. Biochem. Pharmac. 27, 307 (1978). 


