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Abstract-The possibility of a connection between the high aflinity ‘[I-\plpcronc binding ~tes and the 
dopaminc-sensitive adenylate cyclaac system suggested hy recent ctudic\ wah investlgatcd in corpus 
striatum. When measured under identical condltlons (membrane preparation. incubation conditions. 
presence of dopamine). the affinity of spiperone for its binding sltc ( I ..i x IO “’ bl) V,;IS much higher 
than its affinity for inhibiting the dopaminc sensitive adenylatc cvclasc (IO 
was found to block ‘H-spiperone hinding irrevcrsihly. Phcnox~bcnr;~minc ( IO 

7 IV). l’hcnox!hcnzarliilic 
’ M) complctcl\ \upre5wcl 

‘H-spiperone binding while the adenylate cyclasc continued to he stimulated b! dopamine (‘7 per cent 
of control stimulation) and inhlbited hy splpcronc or haloperidol. l‘hc atlinitw 01 Ihc\c ncurotcptlc\ 
for inhibiting the dopamine-sensitive adcnvlate cyclase wcrc the same on control and ~~henos~t~enr;~mlnc 
treated membranes. Consequently the ‘H-spipcrone binding bitt has not to hc occupied IO allw 
inhibition of the dopamine-sensitive adenylate cyclase. GuanoGnc tripho\phatc reduced the affinitic\ 
of dopamine. 3-{2-[N-(3-hvdrox~phen~lcthyl)h’-propvl~i~iiino~cth~l}p~ic~i~)l (KU ?-1V2(>) and wrotonln 
for ‘H-spiperone binding ;ites and did not affect the affinity of 3-Br-(u-ergocriptllic. Since KU 732% 
and serotonm neither stimulate nor inhibit the dol-7all’inc-~en\itivc adc~~ylatc c!clav_~. the CIIL’C~\ 01 
guanosine triphosphate on binding do not appear related to adcn~late c!claw aclivalion I>! agonl\t\ 
which is kno\vn to require guanosine triphosphatc. &I- cxpcrlmcn1\ \uggc‘\t that rhc high ;It linlt\ ‘I I- 
spipcrone hinding sites arc not related to the dop;lminc-sellsiti\c adcn!latc qclaw. 

Corpus striatum homogenates contain “H-spiperone 
binding sites considered to be dopaminergic [I. 21 
and a DA-sensitivet adenylate cyclase which is 
inhibited by neuroleptics including spiperone 13, 41. 
The affinity of spiperone for its binding sites is very 
high (2 1OV”’ M), whether measured in saline buffer 
or under adenylate cyclase conditions (this report): 
its affinity for inhibiting the DA-sensitive adenylate 
cyclase is much lower (IO ’ M) 141. This difference 
in affinity was also found with other butyrophenones 
[4]. There are even drugs such as benzamide deriv:l- 
tives [S, 61, domperidone 17. 81 and the R;-diphenyl- 
ethylamine derivatives RU 24926 (DA-agonist) [‘i’j 
which have high affinities for ‘H-spiperone binding 
sites but are poorly active or inactive on DA-sensitive 
adenylate cyclase. Furthermore, a marked difference 
was found in the topographical [lo] and subcellular 
[ll] distributions of neuroleptic binding sites and 
DA-sensitive adenylate cyclase. Finallv. after kainic 
acid lesions, most of the DA-sensitive adenylate 
cyclase activity disappears (85 per cent) whereas 60 
per cent ‘H-splperone binding remains [ 12). All these 
results strongly suggest that ‘H-spiperone binding 
sites are distinct from the spiperone receptors 
mediating inhibition of the DA-sensitive adenylate 
cyclase. 

* To whom correspondence should he sent. 
f Ahhreviations used: DA. dopaminc; 5-H-T. wrotonin: 

RU 24926, 3(2-(N-(3-hydroxvphen~lcth~l),‘l’-prop~l:~m- 
inolethyl) phenol: hromocriptine . 2-Br-n ergocriptinc; 
EGTA. ethylene glycol his (/I aminoethyl ether) -,v. Iv” 
tetraacetic acid: ADTN. 2 amino-h.7 dihydroxytetralin. 

However. a connection between the DA-sensitive 
adenylate cyclase systems and ‘H-spiperone binding 
sites has been suggested b\ several author\ to 
account for GTP effects [ 13-151. GTP reduces the 
affinity of ‘H-spiperone binding sites for DA. epi- 
nine, apomorphine and ADTN but not for bromo- 
criptine and dopaminergic antagonists; DA. cpinine. 

apomorphine and ADTN all stimulatr adenvlate 

cyclase activity of corpus \triatum homogenates in 
the presence of GTP [ Ih]. whereas bromocriptinc. 
a dopaminergic agonist at the pituitary receptor ( 17). 
does not [IS]. Furthermore. when the DA-scnaiti\:c 
adenylate cyclase is destroyed 1~~ kainic acid lesions. 
GTP no longer affects the affin:ty of the remaining 

‘H-spiperone binding sites for DA [I-L]. 
In order to support the hypothesis of a connection 

between part of the high affinity ‘H-spiperone bind- 
ing sites and the DA-sensiti\,e adenvlate q&se. LVC 
blocked completely and irrecersiblq~the binding sites 
with phenoxybenzamine and tried to dctcct after this 
blockade moditications of the inhibition by spiperonc 
of the DA-sensitive adcnylate cvclasc. As the results 

of these experiments did not indicate such ;I con- 

nection, we further analvzerl the effects of GTP on 

‘H-spiperone binding sit&. 

Pwpnrotiotr of’p(irfic,lrlrrrc, fr~icf~o~~\. hlalc C‘harles 
River rats of the Sprqtlc~l>a\\ Icy \tI-;lin (201~i00 

g) were decapitatctl. Corpu\ \tri;lluni \~a\ tli\wcteLl 

on a refrigerated plate and honio_cc‘ni.wt in h0 wl. 

Z mM Tris-maleate. 2 mM PITA. pt 1 7.3. ‘l‘hc 
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8 (f moles / mg protein) 

Fig. 2. Scatchard analysis of ‘N-spiperone binding. on control and phenoxy~cnzaminc~~r~~l~e~l mem- 

branes. Membranes were incubated with or without phenoxyhcnzaminc ItI M or Da (10 ’ M j and 

then washed as described under Materials and Methods. Phenctsyl?ectz;irn~ine trcatmcnt rcduccd the 

total number of binding sites without changin, 17 their al’tinitv (K/B = 3.4 x IO “I M). The protein 

c(~ncen~r~lti[~n was 0.18 m,:mi. 

10W1” M) and maximal capacity of 410 fmolesimg 
protein (data not shown). 

Phenoxybenzamine, a well known irreversible 
ligand of a cu-adrenergic receptors [21]. interacts with 
the DA receptors coupled with an adenylate cyclase 
f22]. We observed that, when added in the binding 
assay, 10 li M phenoxybenzamine is able to com- 
pletely displace the specific binding of a saturating 
-‘W-spiperone concentration without affecting sig- 
nificantly non-specify binding (Fig. 1). 

In order to know whether this blockade is irre- 
versible, we compared ‘H-spiperonc binding on 
membranes preincubat~d with or without 10 ” M 
phenoxybenzamine and extensively washed (see 
Materials and Methods). Total %-splperone binding 
was reduced and non-specific binding was not 
affected (data not shown). Scatchard plots are 
reported in Fig. 2. The presence of phenoxvbenza- 
mine during pre-incubation does not modify the 
affinity of ‘H-spiperone for its binding site but strik- 
ingly reduces the total number of specific binding 
sites. On the contrary, if we washed membranes 
preincubated with a reversible l&And which com- 
pletely inhibits ‘H-spiperone binding sites during the 
pre-incubation (DA 
obtained a Scatchard 
with the control one 

10 ’ M for example): \te 
plot which is superimposed 
(Fig. 2). Thus. the washing 

procedure completely eliminated the free lipand. 
Phenoxybenzaminr therefore seems to be an irre- 
versible blocking agent of 'H-spiperone binding sites. 

in agreement with Walton (it (il. jL?]. phenoxy- 
benzamine treatment was also found to irreversibly 
block the maximal DA-adenylatc cyclasc stimulation 
(Figs. 3.4) without significant effect on basal adeny- 
late cyclase activity. In four experiment\. the ratios 
between the basal adenyfate cyclasr activity of 
1(1-’ M phenoxybenz~~tnine treated ll~~rnbr~iil~s and 
control were 0.84. 1.2, 1.0 and 1.1. 

Figure 3 compares the two irreversible 1~Iockad~‘s 
for different doses of phenos~bellz~rlliil~ trcutcd 
membranes. ‘l-i-spiperone binding and :rdenylate 
cyclase stimulation have been measured at saturating 
concentration of ‘I-I-spiperone (3.5 X 10 ” M) and 
DA (10 ’ M). respectively. both on controI and 
phenoxybenzamine treated memhrancs. Results are 
expressed in percentage of the maximal ndcnyiate 
q&se stimulation and total specific binding meas- 
ured on control membranes. 

Preincuhation of the membrane with IO . M 
phei~oxybenz~~rnin~ completely supprrsscd ‘tl-spi- 
perone binding. whereas there was stiII 35 per cent 
of the control DA-adenylate cyclas,c stililul~lti(~t~. To 
completely block the maximal DA-adenylate C~‘&ISO 

stimul~~ti(~n. higher ~(~iicentr~~tions of ph~nct~yhcn- 



1334 

CI - DA adenylate cyclase stlmutaticn 

7.5 10 13 17 22 28 

Phenoxybe~zamine ( p N) 

zamine were reyuircd (3 X IO _ M). I lowe\,er. we be non linear and therefore. the apparent aftinity of 

cannot exclude that. after preinculwtiotr with 10 ’ the DA to stimulate the adenylate cyclaxe ~houlti hc 
M phenoxybenzami~e. thcrc was still ii JX~ ccrtt ‘El- 

spiperone binding. and that these 5 per cent arc DA 

lower after plienoxii:benr:linille trcatmcnt [31. 
Figure 1 shows that this is not the C;IS: the apparent 

receptors responsive for the remaining 35 per cent affinity of DA is the same on control md phcnoxy- 

adenylate cyclase stimulation. In th~z e~nt, the benzamine treated membranes (1.7 x IO . M). 

coupling between the DA receptors ocuupanc! and Therefore, even if 5 per cent ‘H-spiperone binding 

the DA-adenylate cyclase stimulation woultl have to remains after treatment wifh IO ’ M phenoxyhen- 

A B 

Contrd Phena+naamiw (1% x1-k ) 
C 

PtwKumne (lo-%M) 
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Table I. Effect of RU 23926 on basal and DA-sensitive 
adenylate cyclase 

Adenylate cyclase activity 
(pmoles cyclic AMP/l0 minimg 

protein) 
Basai + DA (3 x 10 ‘M) 

Control 800 + 30 I624 2 so 
RU 24926 

10-7 x24 + 36 lfJ08 i 50 
776 t 42 1576 f 78 
750 t 56 1604 t 66 

The protein concentration was 0.7J mgml. Values aru 
the mean z!z S.E.M. of triplicate determinations. 

zamine, these sites cannot be DA receptors respon- 
sible for the remaining DA-adenylate cyclase 
stimulation. 

By using an irreversible ligand, we thus demon- 
strated that the high affinity ‘H-spiperone binding 
sites are distinct from the DA receptors coupled with 
an adenylate cyclase. However. one could not be 
sure that the ~~-spiperone binding site is not at all 
implicated in the inhibition of the DA-sensitive 
adenylate cyclase by neuroleptics. In order ta test 
this point, we looked at the apparent affinity of 
spiperone to inhibit the DA-adenylate cyclase stimu- 
lation after partial (Fig. 4B) or complete (Fig. 4C) 
blockade of ‘H-spiperone binding sites by phenoxy- 
benzamine treatments. These phenoxybenzamine 
treatments did not modify at all the ability of 
spiperone to inhibit the DA-sensitive adenylate 
cyclase (apparent inhibition constant = 1.I x 
lo-’ M) (Fig. 4). 

GTP effects on the i~t~~~ct~o~ of ~~p~~?~~i~~~~~~ 
ligands and 5-HT with ‘W-spipemrre hinriing .ritr.s. So 
far it has been shown that GTP reduces the affinities 
of “H-spiperone binding sites for dopaminergic 
agonists which stimulate adenylate cyclase (DA. 

epinine. ADTN. apomorphine) but doea not modify 
the affinity of hromocriptine, a dopaminer$c apomst 
on several systems (inhibition of prolactm release 
1171, contralateral turning after h-hy,ctroxydopamirre 
lesions [24], antiparkinsonian actrvlty [25]), which 
does not stimulate the adenylate cyclasc [X]. We 
have ~on~rmed these results (data not shown). 

Recently. a new compound RU 749X has been 
found to be a d~~p~~i~in~rgi~ agonist on several sys- 
tems (inhibition of pr(~la~tiIl release. ~(~iltr~~l~tter~~l 
turning after 6-hydroxydopamiilc lesions. rmesis in 
the dog. inhibition of choiinergic neurons in striatum 
[Y, 37. 181). We found that this drug was neither an 
agonist nor an antagonist of the DA-sensitive adeny- 
late cyclase in striatum homogenates (Table 1). On 
the contrary, this drug has a high affinjty for the ‘Ii- 
spiperone binding sites (It‘ ill = 10 M) (Fig. -I). 
This affinity is about 30 times higher than that of 
DA (IC $!, = 3 x 10 ” M) when mea%urcd in the 
same conditions (data not shown). It was thus of 
interest to know whether or not GTP will affect the 
affinity of RU 24926 for ‘I-I-spipcrone binding sites. 

Figure 5 shows that GTP reduces the affi& of 
RU 24926 for ‘I-I-spiprrone binding sites. Note also 
that GTP changes the slope of the ~lisl~l~~~~rnent 
curve as previously reported for the dis~~l~~~elilent of 
AH-dihydroalpren~)lol by isoproterenol in the pres- 
ence of GTP [29]. The reduction of the potency of 
RU 24926 to inhihit “H-spiperone binding WIS 1.8- 

fold (FIN. 5) (2.0 i 0.1. N = 3. incan i s.li.hl.), 
a figure which cornparcs well \\ ith the reduction of 
the affinity of L2.A for ‘t-l-spiper~~nc binding sites 
reported by others (&out 3 fold) ] i3-I:‘] :~ncl hund 
by us (4.3 F 0.6: N = 3: dota not shown). 

S-HT is unable to stimulate DA-sensttiye adrny- 
late cyclase. As shown in Fig. 5. GTP v.w also able 
to reduce the affinity of S-I-IT for ~Ii-sp~per~~ile bind- 
ing sites. The reduction was lower (1 .ti fold: 1 .t; ?Z 
0.2; N = 3) than for RU 2-19X or DA. 

GTP thus influences the affinity of ‘II-spiperone 
binding sites for some drugs which do not stimulate 
the adenylate cyclase. 

l no GTP 

., GTP c ~x%Y~M) 

RU ZL 926biI 5-HT [MI 

Fig. 5. GTP effects on “H-spiperone binding site properties. Specific ‘t-I-spip~ronc binding vw displaced 
by KU 24926 and S-HT in the absence and presence of GYP 2 x 10 
displaced specific ‘H-spiperonc binding. Control specific 

’ M. Note that :1/i dr+!‘. cnlirC/\ 
‘H-spipcl-one hlnciin~ IV;,\ .X(10 lmt)lc~ m, 
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I)I.s(‘IIs.sIo\ 7. 
It is generally adniittcd that the high aflinit! ‘I I- 
spiperone binding sitcs are not the Gtes \\hct-c XII- .? 

roleptics bind to inhibit the DA-acienclatc c\clase 

activation (we inkotluction to paper). 4. 

We have investigated the possibilit! of ;I relation 5, 

between the high affinity ‘H-spiperone bindins sitc‘c 

and the DA-semiti\e aden!late c\cI;~w \\stcnr: the h. 
cuistcnce of suck ;I relation wax inrlccd \trongl! 

suggested by the prcviousl~ rlewibetl GTI’ ctfcctc 7 

11%15) (see introcluction to paper). Oiw could 

imagine that ;I spipcrow n~olcculo ha\ t\\ o \ubvtes. s. 

The first one would have a hi$ aftinit!, (- IO “I Xl) ,, 


