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Abstract

NEUROLEPTIC DRUGS: A COMPARISON OF THEIR EFFECTS
IN VIVO AND INTRO ON BRAIN DOPAMINERGIC SYSTEMS

by

Chun Wel Lin 

Advisor: Professor Sherwin Wilk

The ob jective  of th is  research was to examine the re la tionsh ip  

between the anti dopamine e f fe c ts  in  vivo of antipsychotic drugs 

with t h e i r  antidopamine e ffec ts  in v i t r o .  Antipsychotic drugs are 

believed to exert t h e i r  c l in ic a l  e f fe c t  by the blockade of dopamine 

(DA) receptors. Biochemically, th is  e f fe c t  can be monitored by 

measuring the increase in the turnover o f  DA neurons produced by 

these drugs, by the competition fo r  the binding s ites  labe lled  

with (3H)-neuro leptic  drugs, or by the reversal of stim ulation of  

adenylate cyclase by DA. The re la t iv e  c l in ic a l  potencies of neuro­

le p t ic  drugs in  general p a ra l le ls  t h e i r  potencies in increasing DA 

turnover and in competing fo r  binding s ites  labe lled  by (3H)-neuro- 

le p t ic s .  Antagonism of adenylate cyclase stim ulation corre lates  

poorly with c l in ic a l  potency. There are a number of anti psycho­



t i c  drugs whose properties d i f f e r  from typ ica l neuro leptics.

The benzamide neuroleptics metoclopramide and s u lp ir id e ,  fo r  ex­

ample, increase DA turnover in vivo, but are weak in competing 

fo r  (3H )sp iroperido l(S p iro ) s ite s  and are in e f fe c t iv e  in reversing  

the stim ulation of adenylate cyclase. The anomalous properties of  

these benzamide drugs prompted us to ( 1 ) re -evaluate  the v a l id i t y  

of using the radioreceptor binding technique to  predict anti dop­

amine properties in vivo and (2 ) to  develop a radioreceptor binding 

system which would help to e lucidate  the s ites  o f action of the  

benzamide neuro leptics . In addition to binding studies in membrane 

f ra c t io n s ,  we also studied binding to  c ryosta t-cut s l id e  mounted 

brain s l ic e s .  In the f i r s t  study, the e f fe c t  of an extensive  

series of typ ica l and atyp ical neuroleptic drugs on the binding of 

(3H)Spiro in c a l f  s t r ia t a l  membrane frac tions  was assessed. Using 

1 uM d-butaclamol to  define the non-specific binding o f  (3H)Spiro 

and a rapid f i l t r a t i o n  technique, saturation of (3H)Spiro, k ine tics  

of association and d isso c ia t io n , and competition experiments were 

run. Results were analysed with the aid o f the PROPHET computer, 

and methods of H i l l ,  Scatchard, and Dixon were used to  analyse the  

saturation  and competition experiments. The potencies of antipsy­

chotic drugs in th is  system were compared to t h e i r  c l in ic a l  poten­

cies and t h e i r  potencies in increasing the turnover o f DA neurons 

in  ra t  striatum  and tuberculum olfactoriurn. Levels o f  DA, 3 ,4 - d i -  

hydroxyphenylacetic acid and homovanillic acid were determined by



V

gas chromatography. In the second study, (3H)dihydroergocryptine  

(DHE) was used as the rad io ligand. The s p e c if ic i ty  of binding 

was enhanced using a low concentration o f the d isp lacer, d -butacla-  

rnol. DHE was proposed to label a subpopulation of DA receptors  

which are independent o f adenylate cyclase a c t iv i t y .  Under these 

conditions, apparent DAergic s ites  have been defined which have 

high a f f i n i t y  fo r  the benzamide neuroleptics as well as fo r  a 

m ajority  o f typ ica l neuro leptics . This study confirmed the antiDA 

properties of benzamide neuroleptics in v i t r o .  In another study, 

binding of (3H)Spiro was assessed using a nM concentration of  

d-butaclamol as the d isp lacer. The properties of th is  system was 

compared to the system using 1 uM d-butaclamol as the d isp lacer.

In the brain s l ic e  experiments, s ites  were labeled by (3H)Spiro 

and (3H)DHE and patterns of displacement of these s ites  by various 

typ ica l and atyp ical neuroleptics were also examined.
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Like many other drugs used today, the discovery o f antipsycho­

t i c  drugs occurred by chance. In an e f fo r t  to  synthesize a strong 

barb itu ra te  with prolonged sleeping tim e, Charpentier(1950) synthe­

sized chlorpromazine based on the structure of a phenothiazine 

d e r iv a t iv e ,  promethazine, a known antihistamine agent. Two years 

l a te r  Delay et a l (1 9 5 2 ) . ,  noted th is  compound's e ff icac y  in the 

treatment of schizophrenia. In 1959 Janssen et a l . ,  reported the 

synthesis and discovery of butyrophenones which d i f f e r  s tru c tu ra l ly  

from chlorpromazine, but are pharmacologically and c l in ic a l l y  

s im ila r .  Today there are several classes of c l in ic a l l y  used a n t i -  

psychotics. Among these are the phenothiazines(such as ch lor­

promazine), the th ioxan thenes(c is -f lupen th ixo l) ,  the dibenzohetero- 

epines(clozapine and loxap ine), the butyrophenones(haloperidol and 

s p iro p e r id o l) ,  the diarylbutylam ines(pim ozide), the benzamides(sul- 

p ir id e  and metoclopramide), the pentacyclics(d-butaclamol) ,  and 

the indoles(molindone). The development of these s t ru c tu ra l ly  

d is t in c t  compounds having s im ila r  c l in ic a l  e ffe c ts  has allowed 

pharmacologists to decipher and s e le c t ,  from the various actions  

of these drugs, a common neurochemical e f fe c t  e l ic i t e d  by these 

compounds. This e f fe c t  may be d ir e c t ly  re la ted  to  the mechanism(s) 

of action of antipsychotic drugs, and may be of s ign ificance in 

eluc idating  the neuropathological basis of schizophrenia.

In the 1960's many studies on the biochemical properties of  

neuroleptic drugs were carr ied  out. Among the e f fe c ts  described 

were t h e i r  e lectron donating a b i l i ty (F o s te r  and Fyfe, 1966), membrane
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s ta b l iz in g  effect(Seeman and B ia ly ,  1963), in h ib it io n  of oxidative  

phosphorylation(Medina et a l ; 1964); prevention of mitochondrial 

sw elling (Sp irtes  and G ir th ,  1963), and in h ib it io n  of Na+-K+ ac tiva ­

ted ATPase(Davis and Brody, 1966). More recen tly , the in h ib it io n  

of calmodulin activated cyc lic  nucleotide phosphodiesterase by 

neuroleptics has also been described(Levin and Weiss, 1977). How­

ever, these properties do not seem to  be relevant to the therapeu­

t i c  action of neuroleptics because ( 1 ) the concentrations required  

to  produce an e f fe c t  in these systems were generally  high(> uM);

( 2 ) these properties were also found in c l in ic a l l y  in ac t ive  

compounds.

I t  was in 1963 when Carlsson and Lindqvist described a spec if ic  

action of chlorpromazine(CPZ) and haloperidol(HAL) on catecholamine 

metabolism that a p lausib le  mechanism fo r  antipsychotic drug action  

was enunciated. They observed th a t  low doses of CPZ and HAL but 

not the c l in ic a l l y  in ac t iv e  phenothiazine promethazine stimulated  

the accumulation o f the 0-methylated metabolites of dopamine(DA) 

and norepinephrine(NE) fo llow ing monoamine oxidase in h ib i t io n .

Since the leve ls  o f DA and NE were unchanged, i t  was in fe rred  th a t  

not only the metabolism but also the synthesis of the catechol­

amines was accelerated by the antipsychotic drugs. I t  was known 

at tha t time th a t  the awakening action of DA and NE( formed from 

adm inistration of t h e i r  precursor 3,4-dihydroxyphenyl a lan ine) was
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weakened by antipsychotics and CPZ was known to have alpha-blocking  

actions. They therefore  hypothesized tha t CPZ and HAL acted by 

blocking DA and NE receptors and the acceleration of the synthesis 

and metabolism of these catecholamines was due to feedback ac t iva ­

t io n  of the respective neurons. This hypothesis was la te r  confirmed 

by a va r ie ty  of turnover studies in v ivo, and the ro le  of antipsy­

chotic drugs as DA antagonists was f irm ly  established. For example, 

Anden et al (1964) showed th a t  levels  of homovanillic acid(HVA) 

and 3 , 4-dihydroxyphenyl acetic  acid(DOPAC), two major DA m etabolites, 

were markedly elevated in brains of rabbits  treated  with neuroleptics.  

With the use of ^ C - la b e le d  tyrosine and phenylalanine, Nyback and 

S edvall(1968) demonstrated tha t the synthesis and turnover of ^C-DA  

in the striatum  of mice were stimulated several fo ld  following  

neuroleptic treatment. Apomorphine, the DA agonist, produced the 

opposite changes. Although many neuroleptics are able to increase 

NE turnover, th is  action does not seem to be essential fo r  antipsy­

chotic e f f ic a c y .  Pimozide and spiroperidol (Spiro) are two potent 

antipsychotics, but they produced less e ffec ts  on NE turnover than 

clozapine, a weaker neuroleptic drug. Morover, phenoxybenzamine, 

a c e n tra l ly  active  alpha-adrenergic blocking agent, appears to lack 

antipsychotic a c t iv i t y .

A number of behavioral tes ts  have also been described fo r  neu­

ro le p t ic  drugs which may be re la ted  to  th e i r  anti-DA properties .

For example, DA agonists apomorphine and amphetamine e l i c i t  beha­
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viora l stereotypy(Randrup et a l ; 1963), a s ta te  of continuous 

re p e t i t io n  of s n i f f in g ,  head bobbing, gnawing, and scratching.  

Neuroleptic drugs s p e c if ic a l ly  antagonize stereotypy. Neuroleptic  

drugs induce catalepsy in  animals, an abnormal motor state  in  which 

an animal can be maintained in b izarre  postures(Munkvard et a l . ,  

1968), and th is  behavior has been ascribed to  hypoactiv ity  in  the 

corpus striaum, a DA-rich brain area . Antipsychotic drugs also 

impair conditioned avoidance behavior in  animals without a f fe c tin g  

escape behavior(Cook and Catania, 1964). Conditioned avoidance 

response re fers  to  a learned behavior in which an animal is  tra ined  

to  escape, when a s ig n a l,  usually followed by a noxious stimulus 

is  presented. In ad d it io n , neuroleptic drugs induce ptosis and 

in h ib i t  apomorphine-induced emesis in dogs. These behavioral 

tests  are commonly employed fo r  screening potentia l antipsychotic  

drugs.

Electrophysiological studies also support the anti-DA pro­

perties  of neuroleptic agents. Bunney et a l (1973) studied the 

e ffec ts  of d-amphetamine(AMP), an in d ire c t  DA agonist and neuro­

le p t ic  drugs on the a c t iv i t y  o f DAergic neurons in the substantia  

nigra(SN) and ventral tegmental area(areas A9 and A10). d-AMP 

administered i . v .  markedly decreased the spontaneous a c t iv i t y  of  

DA neurons in these areas. Antipsychotic drugs increased the 

f i r in g  rate  of these c e l ls  and reversed the AMP-induced depression. 

Groves et al (1975) studied the e f fe c ts  of ion tophore t ica lly  admini­

stered HAL and AMP on the f i r in g  rates o f a population of neurons
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in  the striatum  and pars compacta of SN simultaneously. They found 

tha t caudal in je c t io n  of AMP resulted in a decrease in the f i r in g  

ra te  of s t r ia t a l  neurons but an increase in the f i r in g  ra te  of  

nigral neurons. Caudal in je c t io n  of HAL caused an increase in the  

f i r in g  ra te  of s t r ia t a l  neurons and a decrease in the a c t iv i t y  of 

nigral c e l ls .  Although t h e i r  resu lts  on the e f fe c t  o f AMP on n i ­

gral neurons d if fe re d  from th a t  of Bunney et al , the e f fe c ts  of 

neuroleptic drugs on DA c e l ls  were always opposite to  th a t  of DA 

agonists.

In the past decade, research on neuroleptic drugs has centered 

on an attempt to d i r e c t ly  characterize  DA receptors by enzymatic and 

radioreceptor binding techniques. In addition to complementing 

previous turnover and behavioral studies in v ivo , these assays in  

v i t ro  have helped to  re a ff irm  the re la tionsh ip  between the a n t i -  

DA properties and c l in ic a l  e f f icac y  of antipsychotic drugs. They 

have also contributed s ig n i f ic a n t ly  to  the re a l iz a t io n  of the ex­

istence of m u ltip le  DA receptors in bra in . In the fu tu re ,  these 

assays may contribute s ig n i f ic a n t ly  to  the development o f drugs 

with spec if ic  c l in ic a l  e f f ic a c y  and l i t t l e  untoward s id e -e f fe c ts .

The purpose of the fo llow ing sections is  to  review studies on :

(1) the regional s e le c t iv i ty  o f neuroleptic drugs. (2) The var­

ious DA receptor models in the periphery and b ra in . (3) The proper­

t ie s  of DA-sensitive adenylate cyclase in b ra in . (4) the characte­

r iz a t io n  of DA/neuroleptic receptors in the CNS by radioligand
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binding assay and the controversies about the id e n t i ty  of these DA/ 

neuroleptic binding s i te s .  (5) the c la s s i f ic a t io n  of m u ltip le  DA 

receptors by th e i r  association with or independence from DA-sensitive  

adenylate cyclase and ( 6 ) the properties o f DA receptors in the CNS 

and periphery. A b r ie f  ou tl ine  of DAergic pathways in the CNS and 

DA synthesis and metabolism is included. Special emphasis w i l l  be 

placed on the properties of atypical neuroleptics such as the ben­

zamide der iva tives  metoclopramide and s u lp ir id e .  Unlike the ty p i ­

cal neuroleptics CPZ and HAL, these drugs possess contrasting pro­

perties  on DA receptor models th a t  have been taken as evidence fo r  

the existence of m u lt ip le  DA receptors.

The follow ing discussion deals only with antipsychotic drugs 

acting pr im arily  as DA receptor blockers. The properties of re -  

serpine, a drug with antipsychotic e ff icac y  but acting presynap- 

t i c a l l y  to deplete catecholamines, w i l l  not be discussed. The 

term 'neuro lep tic ' is  used interchangeably with 'an t ip s ych o tic '.  

Proposed by Delay and Deniker, the word 'n eu ro le t ic '  came from the 

Greek ‘ going to the nerve '.  I t  is  used to define an agent which 

induces behavioral patterns s im ila r  to  CPZ-like drugs. T yp ica lly ,  

these patterns include a true  antipsychotic action in patients  

with acute and chronic psychosis, a s ta te  of a f fe c t iv e  in d if fe ren ce ,  

and motor disturbance with Parkinsonian and other extrapyramidal 

symptoms. In add it ion , catalepsy is  observed in animals( Carlsson, 

1978).



Central DA Pathways

The discovery and morphological description of DA neurons was 

made by Falck et a l(1962) and Hokfelt e t a l(1976) using histochemi- 

cal fluorescence and immunohistochemical techniques. The greatest 

number of DA-containing c e l ls  are found in the brain stem at mesen­

cephalic le v e ls ,  with two main groups of DAergic c e l ls .  The f i r s t  

is  known as the n ig ro s tr ia ta l  system. I ts  c e l ls  bodies are in the 

pars comparta of the substantia n ig ra , which projects to the s t r i ­

atum. This pathway degenerates in patients with id iopath ic  and 

post-encephalit ic  Parkinson's disease(Hornykiewiz, 1974). The 

second major group of DAergic f ib e rs  is  known as the mesolimbic 

system, with c e l l  bodies found in midbrain but caudal and medial 

to the substantia n igra . The c e l ls  project to  the nucleus accumbens, 

o lfa c to ry  tubercle  and cerebral cortex. These mesolimbic and 

mesocortical pathways have been implicated in the e tio logy of 

schizophrenia(Matthysse, 1973). Another DA pathway important to  

endocrinology has c e l l  bodies in the arcuate nucleus of the the  

hypothalamus and nerve terminals synapsing on the portal vessels 

in  the median eminence. I t  is  involved in the control of p i tu i ta r y  

hormone re lease , p a r t ic u la r ly  prolactin(MacLeod, 1976).

DA Synthesis and Metabolism

DA is  synthesized from tyrosine via two enzymatic steps. The 

f i r s t  enzyme, tyrosine hydroxylase(TH) converts L-tyrosine to  dihy-



pterindine co fac tor,  molecular oxygen, and Fe++ fo r  c a ta ly t ic  

a c t iv i t y .  The stoichiometry of th is  reaction is formulated as 

follows(Nagatsu et a l ; 1964):

L -tyrosine + BH4  + O2 -------> Dopa + QH2 B + H2 O

where BH4  is te trahydrobiopterin  and QH2 B is  the quinoid form of  

dihydrobiopterin . I t  is  the r a te - l im i t in g  step in the synthesis 

of catecholamines. A soluble enzyme, TH is  found in a l l  tissues  

tha t synthesize catecholamines. In brain the enzyme is concen­

tra te d  in regions known to  contain high leve ls  of catecholamines 

(Coyle, 1972).

There are at leas t four classes of compounds tha t can in h ib i t  

TH: (1) amino acids and amino acid analogs such as alpha-methyl- 

tyrosine are competitive in h ib ito rs  of TH(Udenfriend et a l ; 1965). 

The in h ib it io n  is  competitive with tyrosine(Nagatsu et a l ;  1964).

(2) Catecholamines and other catechol derivatives in h ib i t  TH compe- 

t it ive ly (M usacch io  et a l ; 1973) with the reduced p ter id ine  cofactor,  

and th is  end-product in h ib it io n  provids the mechanism fo r  feedback 

regulation of catecholamine biosynthesis. (3) Iron chelating agents 

such as a lphs,a lpha '-d ipyridyl(Nagatsu  et a l ;  1964). (4) Naphtho­

quinones such as deoxyfreno lic in , an a n t ib io t ic  produced by s trep-  

tomyces f ra d ia e ,  in h ib i t  TH competively with tyros ine(Tay lor et  

a l ;  1970).

The second enzyme, aromatic L-amino acid decarboxylase, con-



verts L-Dopa to DA. I t  is  found in the cytoplasm and requires  

pyridoxal phosphate as a cofactor. Alpha-methyldopa and i t s  hydra- 

zino d e r iv a t iv e ,  MK-486, are in h ib ito rs  of th is  enzyme.

In b ra in , DA is  metabolized to DOPAC and HVA. Monoamine 

oxidase(MAO) oxidizes DA to an intermediate aldehyde which is  

fu r th e r  degraded by aldehyde dehydrogenase to DOPAC. Catechol-0 -  

methyltransferase (COMT) methylates DOPAC to HVA. A lte rn a te ly ,  DA 

may be metabolized f i r s t  by COMT to 3-methoxytyramine and then 

oxidized by MAO to  form HVA. Studies in rats  have demonstrated 

tha t the turnover of DOPAC is  greater than HVA, and i t  is  believed  

th a t  DOPAC is the major brain metabolite o f DA in th a t  species 

( Wilk et a l ; 1975). In humans, however, HVA is  the major brain  

m etabolite of DA(Wilk and Stanley, 1978).

MAO is a f lav in -co n ta in in g  enzyme. I t  is  found p r im arily  in  

the outer membrane of mitochondria. Studies with ra t  brain MAO 

have shown that there are at leas t two types of MAO th a t  can be 

d i f fe re n t ia te d  by substrate and i n b i t i t o r  spec if ic ity (S qu ires ,1976 )  

NE and serotonin are p re fe re n t ia l ly  deaminated by MAO type A, and 

DA is  deaminated by both MAO A and B(Neff et a l ; 1973). The type 

A enzyme is s e le c t iv e ly  blocked by low concentrations of c lo rgy line  

and harmine. Type B is  s e le c t iv e ly  blocked by deprenyl.

COMT is  a soluble enzyme. I t  requires S-adenosylmethionine 

and Mg++ ion fo r  a c t i v i t y .  Methylation of the substrate is  pre­

dominantly on the meta position of the catechol. Pyrogallol and



tropolone are examples o f in h ib ito rs (B i l le a u  and Burba, 1961; Axel­

rod and Laroche, 1959).

Regional S e le c t iv i ty

Many antipsychotic drugs including haloperidol(HAL) produce 

an extrapyramidal syndrome(EPS) ind is tinguishable from Parkinson's 

disease. On the other hand, clozapine(CLOZ), a dibenzodiazepine 

d e r iv a t iv e ,  is  an e f fe c t iv e  antipsychotic drug but i t  seems to lack 

the EPS-inducing property(Matz et al , 1974). Such a d issociation  

between EPS-inducing and antipsychotic properties of neuroleptic  

drugs has led to the hypothesis th a t  these e ffec ts  are due to  

blockade of d i f fe r e n t  DA receptors in the bra in . The antipsychotic  

e f fe c t  has been proposed to be due to the blockade of mesolimbic 

DA receptors (Matthysse, 1973; Stevens, 1973), while the EPS e f fe c t  

has been a t tr ib u te d  to the blockade o f n ig ro s tr ia ta l  DA receptors  

(Crow et a l ; 1976).

Anden and Stock(1973) compared the e ffec ts  of CLOZ and HAL on 

DA metabolism in rabb it mesolimbic and s t r ia t a l  brain regions.

They reported tha t CLOZ at 2 .5  to  10 mg/kg i . v . ,  produced a greater  

increase of HVA in the limbic area than in the stria tum . In con­

t r a s t ,  HAL at 0.005 to 0.05 mg/kg i . v . ,  produced a s im ila r  HVA 

elevation  in both brain regions. They concluded th a t  DA receptors 

in  the lim bic areas may be blocked to a greater extent than those
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in the striatum  by CLOZ but not by HAL.

However, subsequent studies in rats  have fa i le d  to  substantiate  

the greater s e n s it iv i ty  of mesolimbic DA receptors toward CLOZ.

For example, Wiesel and Sedvall(1975) studied the e ffec ts  of HAL, 

chlorpromazine, CLOZ and th io r id az in e  on HVA levels  in the striatum  

and tuberculurn o lfactorium , a d iscrete mesolimbic region. They 

observed th a t  the r e la t iv e  e levation  of the content of HVA was 

s ig n i f ic a n t ly  g reater in  the striatum than in the o lfac to ry  tuber­

c le  fo r  a l l  doses of drugs except th io r id a z in e ,  which produced 

s im ila r  increases in both regions. Furthermore, a lower dose was 

required to  double the content of HVA in striatum  than TO, in d i ­

cating th a t  s t r ia t a l  DA receptors are more sensitive  to these drugs. 

They concluded tha t although the antipsychotic e f fe c t  may be lo ­

ca lized  to  the lim bic DA areas, t h e i r  data can not d isq u a lify  the 

striatum  as the s i te  fo r  the antipsychotic e f fe c t .  In f a c t ,  th e i r  

f ind ing  th a t  CLOZ, which does not produce EPS but shows a marked 

e f fe c t  in the s tr ia tum , may implicate the striatum as the area of  

antipsychotic action .

In our laboratory , Wilk et a l (1975) also examined the e ffec ts  

of HAL and CLOZ on HVA and DOPAC levels  in ra t  striatum and TO.

From dose-response curves generated at the time of peak response 

fo r  each drug, they observed, s im ila r  to Wiesel and Sedvall, that  

a greater dose o f e i th e r  drug was needed to achieve a half-maximal 

metabolite e levation  in the TO as compared to the striatum . CLOZ



was shown to be more sen s it ive  toward s t r ia t a l  DA receptors than 

those in the TO. In a subsequent study, Wilk and G1ick(1976) 

found th a t  the s e n s it iv i ty  of DA receptors to  CLOZ was s im ila r  in  

the striatum  and nucleus accumbens . These studies c le a r ly  demon­

stra ted  th a t  the lack o f EPS a f te r  adm istrati on of CLOZ can not be 

ascribed to i t s  se lec t ive  in te rac tio n  with DA receptors in the 

mesolimbic regions. Furthermore, in the DA-sensitive adenylate 

cyclase assay and in radioligand binding studies(Clement-Cormier 

et al ; 1974; Burt e t a l ;  1976), no regional d ifferences in drug 

potency have been observed fo r  CLOZ. The lack of EPS fo llow ing  

treatment with CLOZ has been ascribed to i t s  an t i-ch o lin g erg ic  

properties(Snyder et a l , 1974).

Tolerance

C l in ic a l ly ,  neuro leptic drug treatment requires more than one 

week fo r  a therapeutic  response and treatment is  continued on a 

chronic basis(NIMH, 1964). By contrast, neuroleptic-induced extrapy- 

ramidal syndromes disappear a f te r  repeated adm in istration . I f  the meso­

lim bic area represents the s i te  of antipsychotic action and the  

n ig ro s tr ia ta l  area represents the s i te  responsible fo r  the extrapy-  

ramidal syndrome of neuroleptic drugs, i t  can be in fe rred  th a t  a f te r  chro­

nic treatment with neuroleptic agents, the n ig ro s tr ia ta l  area may 

develop a diminished response or to lerance to  the e f fe c t  of neu­

ro le p t ic  drugs, while the mesolimbic region may not. In our labo­



ra to ry ,  Stanley and Wi 1 k (1980) have examined the chronic e f fe c ts  of  

CLOZ and HAL on DA metabolism in the striatum and TO. They found 

tha t in both regions chronic treatment with a high dose o f  HAL pro­

duced a diminished e levation  of DOPAC leve ls  as compared to  acute 

treatment in both regions. By contrast, at a ED50 dose, no tolerance  

developed in e i th e r  region. Chronic CLOZ treatment at 20 or 40 

mg/kg i . p . ,  did not a f fe c t  the DOPAC elevating  property o f th is  

drug administered acu te ly . These results  do not support the 

hypothesis tha t mesolimbic and n ig ro s tr ia ta l  DA neurons mediate 

the antipsychotic and EPS e ffe c ts  of neuroleptic drugs, respec tive ly .  

S im ilar  findings have been observed by Racagni et al in th e i r  

studies on CLOZ and HAL(1980).

However, in contrast to  results  obtained by Stanley and Wi1k 

(1980), Scatton(1977) reported tha t a f te r  11 days, to lerance to the  

increase in DA turnover occurred at the ED50 dose o f HAL and su lp i­

r id e .  This phenomenon occurred in the s tria tum , nucleus accumbens,

TO and fro n ta l cortex o f the r a t .  The threshold dose inducing 

th is  e f fe c t  was found to  be lower in the striatum than in  the limbic  

and c o rt ic a l  regions. With a single dose of t r i f lu o rp e r a z in e (2 .5 -  

3.5 mg/kg/day), Clow et a l (1979) also observed tha t the increase  

in  HVA and DOPAC leve l a f te r  acute ad m in is tra t io n ( l-2  weeks) d is ­

appeared a f te r  6 months of treatment. This e f fe c t  was accompanied by 

the development o f DA receptor sup ersens it iv ity (  as seen in increased



DA-adenylate cyclase s e n s i t iv i ty ,  in increased a f f i n i t y  fo r  (3H)Spiro 

binding s i te s ,  and in apomorphine induced ro ta t io n ) .

Recently Bacopoulous et al reported tha t treatment with HAL(0.5 

mg/kg) fo r  3 or 5 weeks induced no change in the level of HVA( the major 

DA metabolite in monkeys) in the o lfac to ry  cortex, basal ganglia, 

cis terna l cerebrospinal f lu id  or plasma of monkeys. By contrast,  

s ig n if ic a n t  increases o f HVA were seen in dorsal and o rb ita l  fro n ta l  

cortex and cingulate cortex. The continued elevated HVA content in 

fro n ta l c o rt ic a l  regions demonstrated tha t tolerance to the e ffec ts  

of HAL does not occur uniformly throughout the brain but is  charac­

te r ize d  by some regional s p e c i f ic i ty .  Since the therapeutic  e ffec ts  

of antipsychotic agents are not susceptible to tolerance , these 

authors contended tha t the persistent a l te ra t io n  in c o r t ic a l  DA 

metabolism may be re la ted  to the therapeutic e ff icac y  of neuroleptic drugs. 

Therefore, i t  would seen tha t the development of to lerance is dependent 

upon the dose of drug administered, on the brain regions studied, and 

seems to  be corelated with the development of DA receptor supersen­

s i t i v i t y .

DA-Stimulated Adenylate Cyclase

Many studies have shown th a t  various hormones a f fe c t  the in t r a ­

c e l lu la r  content o f cyc lic  AMP(adenosine 3 ' 5 ‘ -monophosphate) through 

actions on t is s u e -s p e c if ic  receptors and thereby i n i t i a t e  a t issue-



sp e c if ic  response. Because of the d i f f i c u l t y  in quantita ting  the 

physiological response e l ic i t e d  by neurotransmitters in the CNS, 

studies on the e f fe c ts  o f antipsychotic drugs on DA neurotransmi­

ssion were made only in d ir e c t ly .  Therefore, the discovery of a 

DA-sensitive adenylate cyclase enzyme evoked the promise of a 

possible clue as to the biochemical mechanism of DA action in the 

CNS. However, as more studies were performed, i t  became c lear  that  

the many physiological roles implicated fo r  DA could not a l l  be 

explained on the basis of i t s  in te ra c tio n  with DA-sensitive adenylate 

cyclase alone. To date , the physiological ro le  of th is  enzyme re­

mains unclear.

DA-sensitive adenylate cyclase was f i r s t  demonstrated in post­

ganglionic sympathetic neurons(Kebabian and Greengard, 1971) and 

l a t e r  characterized in DA-rich brain areas such as caudate, nucleus 

accumbens, tuberculum o lfactorium , medium eminence, and in areas 

containing DAergic d e n tr i te s ,  the zona r e t ic u la ta  of substantia  

n ig ra , and retina(Clement-Cormier et a l ; 1974; Kebabian e t  a l ;  1972; 

Clement-Cormier and Robinson, 1977; Kebabian and Saavedra, 1976;

Brown et a l ; 1972). In t h e i r  o r ig in a l report Kebabian et a l (1972) 

showed that in the striatum  the s e n s it iv i ty  of DA fo r  th is  enzyme 

was about 1 0  times greater than 1 -norepinephrine and th a t  1 - is o ­

proterenol was in ac t iv e  in stim ulating th is  enzyme. The a c t iv i t y  

of th is  enzyme, measured by cAMP content, is  doubled in the presence 

of 10 uM DA, and a half-maximal increase in enzyme a c t iv i t y  was 

achieved with about 4 uM DA. Of in te re s t ,  the DA agonist apomor-



phine behaved as a p a r t ia l  agonist in th is  system(30 % increase in 

basal a c t i v i t y ) .  At low concentrations(<10 uM) apomorphine increased 

the cAMP le v e l ,  but a t higher concentrations, i t  decreased the 

cAMP content. This antagonistic action in v i t r o  by apomorphine on 

th is  enzyme was unantic ipated, as th is  compound behaved as a pure 

agonist in vivo(Ungerstedt et a l ; 1969; Anden et a l ; 1967).

L e rg o tr i le  and bromocryptine are two ergot der iva tives  which 

mimic the DAergic in h ib it io n  of pro lactin  release from an te r io r  

pituitary(Clemens et a l ;  1972). Their e ff icacy  in the treatment 

of Parkinsonism and in animal behavioral models indicates th a t  these 

compounds function as agonists on the postsynaptic DA receptor in  

the corpus striatum(Lieberman et a l ; 1975; Caine et a l ; 1978; Si 1 -  

bergeld and P f e r f fe r ,  1977). However, in the adenylate cyclase 

assay, le r g o t r i l e  was in a c t iv e .  Furthermore, l e r g o t r i l e  in h ib ited  

uncompetitively the a c t iva t io n  of th is  enzyme by DA(Kebabian et a l ; 

1977). This observation indicates that DA receptors linked to ade­

nylate  cyclase may not be involved in re l ie v in g  the symptoms of Par­

kinsonism.

Various antipsychotic phenothiazine derivatives  caused a dose- 

dependent competitive in h ib it io n  of DA-stimulated adenylate cyclase 

a c t iv i t y ,  and t h e i r  a f f i n i t y  para lle led  th e i r  c l in ic a l  potencies(Ke­

babian et a l ; 1972; Clement-Cormier and Robinson, 1977). Prometha­

z ine , a non-anti psychotic phenothiazine is  an in ac t ive  antagonist.

In ad d it io n , the receptor s i te  of th is  enzyme is s te reospec ific .

Thus, the c l in ic a l l y  active  d-butaclamol and c is -f lu p en th ixo l are
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more potent than t h e i r  c l in ic a l l y  in ac t ive  enantiomers. However, 

i t  should be noted tha t the c l in ic a l ly  potent butyrophenone antipsy­

chotic drug, ha loperido l,  which is  20 times more potent than ch lor-  

promazine in increasing DA turnover ( Anden e t  a l ; 1970), is  re la ­

t iv e ly  weak in the DA-adenylate cyclase assay. I t  is  three times 

weaker than chlorpromazine(Clement-Cormier et a l . ,  1974).

In add it ion , benzamide antipsychotic drugs su lp ir id e  and metoclopra- 

mide are v i r t u r a l l y  in ac t ive  as DA antagonists in th is  assay(Roufogalis 

et a l ;  1976; Spano et a l ; 1978), despite t h e i r  a c t iv i t y  in enhancing 

DA turnover and p ro lac t in  release( Peringer et a l ; 1976; Stanley  

et a l ; 1979; M eltzer et a l ; 1979), suggesting tha t these compounds 

e l i c i t  t h e i r  anti-DA e ffe c ts  independent of a cyclase-linked receptor. 

These discrepancies between the in vivo and in v i t r o  a c t iv i t ie s  

of the benzamide and butyrophenone antipsychotics and ergot 

d erivatives  suggested th a t  in  addition to the DA cyclase-linked  

receptors, there must ex is t  DA receptors which are independent of  

cyclase a c t iv i t y .

DA Vascular Receptors

In the kidney, infusion of DA in to  the renal a r te ry  results  

in vasodilation(Yeh et a l ;  1969). This DA-induced e f fe c t  can be 

quantitated in the laboratory by measuring the decrease in renal 

blood pressure and increase in renal blood flow . As th is  e f fe c t  is  

not blocked by propranolol, a tropine, phenoxybenzamine, p re trea t­

ment with reserp ine, monoamine oxidase in h ib ito rs ,  histamine deple-



t in g  agents, or in te rru p tio n  of sympathetic nerve co n tro l ,  but is  

antagonized by haloperidol and phenothiazines, th is  phenomenon has 

been explained as a post-synaptic DA receptor mediated event. For 

some 15 years Goldberg e t  a l(1978) have studied the s tructure -  

a c t iv i t y  re la tionsh ips  o f several hundred analogs of DA on th is  

post-synaptic DA receptor model. I t  was found that the structura l  

requirements fo r  a c t iv a t io n  of DA vascular receptors is extremely 

l im ite d ,  and seems to be s im ila r  to the DA-sensitive adenylate 

cyclase receptors in b ra in . Thus ac tive  DA vascular agents studied 

thus f a r  require two hydroxyl groups on positions 3 and 4 of the 

catechol nucleus and unsubstituted alpha and beta carbons. Sub­

s t i tu t io n s  of the amino group is l im ited  to one methyl in mono­

substituted d er iva tives{as  in epinine) and to a propyl or butyl 

group as one o f the substituents in d i-N -substitu ted  compounds. 

Studies of the r ig id  analogs of DA suggest tha t the preferred con­

formation of a c t iva t io n  of DA vascular receptors is  the transoid  

beta rotamer o f DA. Thus 2 -am in o -6 ,7 -d ih yd ro x y -l ,2 ,3 ,4 -te trah yd ro -  

naphthalene(A-6,7-DTN) is  active  while the alpha rotamer(A-5,6-DTN) 

is  not. Apomorphine is only a p a r t ia l  agonist on DA vascular re ­

ceptors. However, the s im i la r i t y  between the post-synaptic DA vas­

cu lar receptor and the DA-sensitive adenylate cyclase receptor is  

not found fo r  the antagonists(Goldberg and K o h li ,  1979). The sub­

s t i tu te d  benzamide s u lp ir id e  and bulbocapnine are the most potent 

antagonists on the DA vascular receptor, followed by the phenothi-



azines chlorpromazine, fluphenazine and th io r id az in e  which are 

in  the same potency range. The butyrophenone der iva t iv e  ha loperi-  

dol is  equipotent to  chlorpromazine. I t  should be noted th a t  in  

the DA-sensitive adenylate cyclase assay, su lp ir id e  is  v i r t u r a l ly  

inactive(Roufogalis  et a l ;  1976; Spano et a l ; 1978), and th a t  the  

phenothiazine fluphenazine is  much more potent than chlorpromazine 

and thioridazine(Clement-Cormier et a l ;  1974). Differences in po­

tencies of antagonists acting on the DA vascular receptor and DA- 

sensitive  adenylate cyclase in the striatum and the s im i la r i ty  in 

agonist potencies fo r  these two systems exemplifies the d ifferences  

between the peripheral and central DA receptors.

The d ifferences between the DA vascular receptors, DA recep­

tors  influencing p ro lac tin  release and receptors mediating DA 

turnover can also be seen with enantiomers of s u lp ir id e .  The ( - )  

enantiomer of s u lp ir id e  is  much more potent than the (+) enantiomer 

in  influencing p ro lac tin  release and DA turnover in the CNS(Hof- 

mann et a l ;  1979). In con tras t,  the (+) enantiomer is  much more 

potent than ( - )  as an antagonist of DA vascular receptors.

DA/Neuroleptic Radioreceptor Binding Studies

Since 1975 when Seeman(1975) and Burt e t a l (1975) f i r s t  des­

cribed independently the characteriza tion  of DA receptors by 

radioreceptor binding techniques, there has been much controversy 

regarding the molecular id e n t i ty  of DA binding s i te s .  In t h e i r



orig ina l studies Burt e t  al (1975) showed that binding s ites  labeled  

by the DA agonist (3H)DA and the antagonist (3H )ha loperido l(H al) 

were saturable and s te reospec ific ,  existed only in membranes prepared 

from DA r ich  areas such as the striatum , nucleus accumbens, and 

o lfac to ry  tuberc le , and tha t a good corre la t ion  was found between 

the a f f i n i t i e s  of DA antagonists, i . e . ,  neuroleptic drugs, fo r  

(3H)Hal s ites  and t h e i r  average c l in ic a l  dose(Snyder et a l ;  1975; 

Creese et a l ; 1976; Burt et a l ; 1976). As s ites  labeled by the 

(3H)DA were not diminished a f te r  6-hydroxydopamine(6-0HDA) infusion  

which destroys DA neurons, they postulated tha t these s ites  labeled  

by the DA agonist and antagonist were postsynaptic receptors(Burt 

et a l ; 1975). However, i t  was revealed that while the binding of  

(3H)DA, the agonist, was strongly antagonized by the agonists in  

a competitive manner(Hill c o e ff ic ie n t  n = l ) ,  i t  was weakly antagonized 

by the antipsychotic drugs in a noncompetitive fashion(n= 0 .5 ) .

The converse happened fo r  the antagonism of (3H)Hal binding(Burt 

et a l ; 1975; Burt et a l ; 1976). As DA antagonists were supposed 

to act v ia  DA receptors, Burt e t al proposed th a t  (3H)DA and 

(3H) Hal were labe ling  the same DA receptors, and th a t  (3H)DA 

and (3H)Hal labeled the agonist and antagonist state  o f the in te r ­

convertib le  DA receptors, respectively(Creese et a l ;  1975). This 

hypothesis, although plausib le  because of the s im ila r  d is tr ib u t io n  

in the binding s ites  fo r  these ligands, does not preclude the po-



s s i b i l i t y  tha t d i f fe re n t  populations of binding s ites  may have been 

labeled by these ligands.

Such a two-state hypothesis fo r  DA receptors has been challen­

ged recen tly . For example, Nagy et a l (1978) studied binding of 

the labeled DA agonist, apomorphine, and the antagonist, Spiro in  

the striatum  and substantia nigra(SN) following u n i la te ra l  6-OHDA 

in fus ion . They observed th a t  compared to the unlesioned side, 

there was a decrease in the number of binding s ites  fo r  (3H)apomor- 

phine in the striatum(56%) and SN(76%) in the lesioned side, while  

binding o f (3H)Hal or (3H)Spiro were increased in the striatum(20%) 

and no change was detected in SN o f  the lesioned side. This d i f f e r ­

e n t ia l  change in the binding s ites  fo r  DA agonists and antagonists  

fo llow ing 6-OHDA lesion suggests tha t there is a d iffe rence  in the 

location  of binding s ites  fo r  these radio ligands. Other studies  

also have shown that properties of binding s ites  fo r  (3H)agonist 

and antagonist are d i f f e r e n t .  For example, T i t e le r  et al(1978a)  

showed that (3H)apomorphine and (3H)Spiro binding s ites  are located  

in d i f fe re n t  subcellu lar  f ra c t io n s .  Lew and Goldstein (1979) 

demonstrated tha t binding proteins fo r  (3H)DA were more heat la b i le  

than (3H)Spiro binding prote ins. Based on these observations,

Seeman has proposed th a t  high a f f i n i t y  receptor binding proteins  

fo r  agonists and antagonists are located in d i f fe re n t  areas; DA 

agonists p re fe re n t ia l ly  bind to  presynaptic DA receptors and DA 

antagonists bind p r im arily  to  postsynaptic receptors in the striatum  

(Nagy et a l ;  1978; T i t e le r  e t a l ; 1978b). However, th is  hypothesis



was challenged by Creese and Snyder(1979) who showed th a t ,  in  

contrast to results  obtained by Nagy et a l , binding of (3H)apomor- 

phine and (3H)Spiro was increased fo llow ing 6-OHDA les io n , and 

they have maintained th a t  both types of ligand bind to post-synaptic  

DA receptors.

In several studies the anatomical lo ca t io n , pharmacological 

s p e c if ic i ty  and regulation by ions in receptor binding were inves­

t ig a te d .  I t  was shown, fo r  example, th a t  the binding of (3H)Hal 

and (3H)Spiro were heterogeneous in the striatum ( B r i le y  and Langer, 

1978; Pedigo et a l ; 1978; Clement-Cormier and George, 1979). These 

ligands, in addition to labe ling  s ites  in t r in s ic  to  receptors in  

the s tria tum , also labeled s ites  on neurons pro jecting  from c o rt ic a l  

regions(Schwartz et a l ;  1978; Garau et a l ;  1978). Kainic acid in ­

je c t io n ,  which destroyed neurons in the caudate but spared f ib e rs  

passing through the region, decreased binding o f  (3H)Hal and (3H) 

Spiro by 50% and the m ajority  of the remaining s ites  were abolished 

a f te r  c o r t ic a l  ab la t io n . In add it ion , binding of the agonists (3H) 

apomorphine and (3H)2-amino, 6,7-d ihydroxytetrahydrotetralin(ADTN) to  

s t r ia t a l  tissues were decreased in the presence o f guanine nucleo­

t id e s ,  guaninosine triphosphate(GTP) and guanosine diphosphate, 

while binding of the antagonist (3H)Spiro was not. This guanine- 

induced decrease in binding of (3H)apomorphine was shown to  be due 

to  a decrease in the a f f i n i t y  of th is  ligand while the maximal 

binding capacity was unaffected(Creese et a l ;  1979a; Creese et a l ;



1979b). In competition experiments guanine nucleotides s e le c t iv e ly  

decreased the potencies o f DA and apomorphine, fo r  (3H)Spiro s i te s ,  

while the a f f i n i t i e s  of the DA antagonists and ergot der iva tives  

were not changed in the presence of guanine nucleotides. Fur­

thermore, a f te r  ka in ic  acid lesion the remaining s ites  labeled by 

(3H)Spiro and (3H)apomorphine were no longer sen s it ive  to  the e ffec ts  

of guanine nucleotides. As kain ic  acid lesion completely abolished 

DA-sensitive adenylate cyclase a c t iv i t y  in the str ia tum , and as 

guanine nucleotides played an important ro le  in the coupling of 

receptor and enzyme a c t iv a t io n ,  i t  was speculated th a t  ka in ic  acid  

sensitive  binding o f  (3H)apomorphine and (3H)Spiro may be linked to  

DA-sensitive adenylate cyclase(Creese et a l ; 1979a), whereas s ites  

o rig ina ting  from c o rt ic a l  areas were independent o f cyclase a c t iv i t y  

and therefore  in sen s it ive  to  guanine nuceleotide regu la tion .

One other s ig n if ic a n t  aspect of (3H)Spiro binding was discovered 

by Leysen et a l(1 978a ).  They showed that although a f f i n i t i e s  o f a n t i ­

psychotic drugs fo r  (3H)Spiro binding s ites  pa ra l le le d  t h e i r  a n t i -  

DA a c t iv i t i e s  in the str ia tum , competition against (3H)Spiro binding 

by these drugs in the fro n ta l  cortex was highly corre lated  with 

t h e i r  anti-5 -HT a c t i v i t i e s .  This observation has been extended to  

5-HT rich  areas such as the hippocampus(Creese and Snyder, 1978). 

Therefore, the heterogeneous nature of (3H)Spiro binding may be in 

part due to  i t s  in te ra c tio n  with serotonergic s i te s .

Although a portion of the (3H)Spiro binding s ites  in the



striatum  have been proposed to be linked to  DA-stimulated adenylate  

cyclase(Creese et a l ; 1979a), i t  should be noted that these two 

systems are not id e n t ic a l .  F i r s t ,  DA-stimulated adenylate cyclase 

a c t iv i t y  is concentrated in the mitochondrial f ra c t io n ,  whereas most 

of the (3H)Hal binding a c t iv i t y  is  found in the microsomal synapto­

somal fractions(Clement-Cormier and George,1979; Leysen and Laduron;

1977). Secondly, there is  a good corre la t ion  between antagonism of  

(3H)Spiro binding and c l in ic a l  and pharmacological a c t iv i t i e s  in  

vivo fo r  antipsychotic drugs, but no such corre la t ion  was found to  

e x is t  between antagonism of DA-stimulated cyclase and properties in  

vivo of neuroleptics(Creese et a l ;  1976; Leysen et a l ;  1978a).

More recently  Hyttel characterized binding of (3H )c is -f lupen -  

th ix o l (F lu )  to  DA rich  areas in striatum  and found that there was a 

good agreement between the a b i l i t y  o f antipsychotic drugs to d is ­

place (3H)Flu and t h e i r  a b i l i t y  to  reverse DA-stimulated adenylate 

c y c la s e (H y tte l , 1978). He proposed tha t c is -F lu  may label predo­

minantly cyc lase-linked DA receptors. This hypothesis was supported 

by a ka in ic  acid study(Creese and S ib ley , 1979). Kainic acid lesion  

which reduced most of DA-sensitive adenylate cyclase a c t iv i t y  in the 

striatum  also decreased most of c is -F lu  binding. Cross and Owen 

(1980) studied (3H)Flu binding and found th a t  antagonism by butyro­

phenone drugs against (3H)Flu exhibited biphasic in h ib it io n  curves. 

They estimated th a t  20% of the (3H)Flu binding may be to  s ite s  not 

l inked to the cyclase. Despite th is  evidence, i t  is  d i f f i c u l t  to  

explain why c is -F lu  when used as a radioligand should s e le c t iv e ly



label cyclase-dependent s i te s .  This drug has high a f f i n t i y  fo r  

sites  labe lled  by (3H)Spiro(Kd=3.2 nM), and (3H)Hal(Kd=0.8 nM), 

two ligands believed to label mostly cyclase independent s ites  

(Cross and Owen; 1980; Burt et a l ; 1976; Kebabian and Caine; 1979). 

Therefore, one would not expect th a t ,  when assay conditions were 

s im ila r  fo r  (3H)Spiro and (3H)Flu, binding of (3H)-F lu  could selec­

t iv e ly  in te ra c t  with cyclase linked DA receptors.

Postganglionic Sympathetic DA Receptors

Recently Steinsland and Hieble (1978) reported on an appro­

p r ia te  model fo r  studies o f DA receptor mechanisms in the isolated  

rabb it  ear a r te ry .  In th is  system e le c tr ic a l  stim ulation induces 

a vasoconstrictor response by releasing NE from postganglionic  

sympathetic nerve terminals which ac t iva te  postsynaptic alpha- 

adrenoreceptors. DA receptors loca lized  in the postganglionic  

neurons can in h ib i t  the e le c t r ic a l ly  evoked release of NE and 

thereby reduce i t s  vasoconstrictor e f fe c t .  This action of DA is  

not blocked by propranolol, the beta-adrenergic antagonist. Also 

DA does not in h ib i t  the vasoconstrictor response to exogeneously 

administered NE, in agreement with the concept th a t  in h ib it io n  of 

neurotransmission by DA appears to resu lt  from an in terference with 

the release of NE. DA and apomorphine(K= 40 nM) are equipotent as 

agonists in th is  system, and in the concentration range of 3-1000 

nM they reduced the perfusion pressure in a dose-dependent manner.



Higher doses of e i th e r  drug produced vasoconstriction due to ac­

t iv a t io n  of alpha-adrenoreceptors. Antipsychotic drugs haloperidol,  

perphenazine, d- and not 1-butaclamol and other neuroleptics caused 

p a ra l le l  s h if ts  to  the r ig h t  in the dose-response curve fo r  DA, 

suggesting th a t  they act as competitive antagonists in th is  system.

In add it ion , t h e i r  Ki values were in good agreement with t h e i r  re ­

ported values in antagonizing (3H)Hal binding in the CNS. I t  should 

be noted th a t  th is  response to DA can not be due to ac t iva t io n  of 

presynaptic a lpha-receptors(a lpha2), as the response to c lon id ine,  

a se lec tive  alpha2 agonist, which also in h ib its  NE re lease , is  not 

antagonized by high concentrations of haloperido l. S im ila r ly ,  to -  

la z o l in e ,  shown to be a se lec tive  alpha2 antagonist in th is  system, 

f a i le d  to  reverse DAinduced vasodila tion . These observations sug­

gest th a t  DAergic in h ib it io n  of adrenergic neurotransmission is  a 

good model fo r  studies on DAergic receptor mechanisms. However, 

th is  model has not been used extensively probably due to  (1) the 

slow onset fo r  antagonist e f f e c t (1 hr) before antagonism of DA 

action by ha loperido l, (2 ) long washing out periods( 7 hrs fo r  

h a lo p e rid o l) ,  (3) l im ite d  number of drugs and tissues tha t can be 

monitored at the same time.

I t  should be noted, however, th a t  the a f f i n i t i e s  of neuroleptic  

drugs fo r  the postganglionic sympathetic DA receptor are s im ila r  

to the a f f i n i t i e s  of these drugs fo r  postsnaptic (3H)Hal binding 

sites  in the striatum . This is  in marked contrast to  the DA-sensitive  

adenylate cyclase receptor in the striatum where the butyrophenones



are r e la t iv e ly  weak antagonists and to the postsynaptic DA vascular 

receptors where s im ila r  potencies fo r  various neuroleptic drugs were 

found.

The C la s s if ic a t io n  Of M u lt ip le  DA Receptors

Recently Kebabian and Calne(1979) c la s s i f ie d  DA receptors in 

the brain and periphery in to  two subclasses depending on th e i r  

re la tionsh ip  to adenylate cyclase a c t iv i t y .  DA receptors that are 

coupled with adenylate cyclase ac t iva t ion  are designated as D l,  

and those tha t are not coupled with cyclase ac t iva t io n  are termed 

D2. This biochemical c la s s i f ic a t io n  fo r  m ultip le  DA receptor sub- 

types was based on the re a l iz a t io n  th a t  : (1) mechanisms con tro lling  

secretions of parathyroid hormone(PTH) and p ro lac tin  by DA receptors 

are d i f f e r e n t ,  (2 ) DA receptors in the striatum  can be subdivided 

and s e le c t iv e ly  examined by d i f fe re n t  chemical les ions, and (3) the 

apparent se lec t ive  nature of benzamide antipsychotic drugs and ergot 

d eriva tives  point to  more than one class o f DA receptors.

DA receptors in the a n te r io r  p i tu i ta r y  mediate the in h ib it io n  

of p ro lac tin  release(Bishop et a l ; 1972; Takahara et a l ; 1974). 

Radioreceptor binding studies using (3H)dihydroergocryptine(DHE) 

(Caron et a l ; 1978) have demonstrated the existence of DAergic 

binding s ites  with properties expected of DA receptors: There is

a good co rre la t io n  between the a f f i n i t i e s  of DA agonists and anta­

gonists fo r  (3H)DHE s ites  and t h e i r  potencies in decreasing and 

e levating  p ro lac tin  le v e ls ,  respective ly . However, these DA re ­

ceptors do not seem to mediate t h e i r  physiological e f fe c ts  via



ac tiva t io n  of adenylate cyclase, as high concentrations of DA, 

apomorphine and DA ergots a l l  f a i le d  to elevate cAMP levels(Schmidt 

and H i l l ,  1977; Spano et a l ; 1978). Cholera to x in ,  the nonspecific  

a c t iv a to r  of adenylate cyclase, has no e f fe c t  on pro lactin  release  

( G i l l ,  1977). Bovine parathyroid c e l ls ,  on the other hand, seem 

to  possess DA receptors tha t are coupled to adenylate cyclase and 

ac tiva t ion  of th is  enzyme has been correlated  with increases in the 

release of parathyroid hormone( Brown et a l ; 1978). These studies 

on the release of PTH and p ro lac tin  ind icate  th a t  DA receptor 

mediated events in a given tissue may or may not.be linked to cAMP 

a c t iv i t y .

Chemical lesion and radioreceptor binding studies have also 

suggested the presence of separate Dl and D2 receptors in the s t r i ­

atum. As mentioned, DA and DA analogs can stim ulate the a c t iv i ty  

of adenylate cyclase, leading to  an increase in cAMP levels  in the 

striatum(Kebabian et a l ; 1972; Clement-Cormier et a l ; 1974). In t r a -  

s t r ia ta l  in je c t io n  of ka in ic  ac id , a glutamate analog which sele-  

t iv e ly  destroys neuronal c e l l  bodies but spares the DAergic nerve 

term ina ls , completely abolishes the DA-stimulation of adenylate 

cyclase(Schwartz et a l ; 1978; Garau et a l ; 1978; Creese et a l ; 1979a). 

This indicates th a t  DA receptors coupled to the cyclase are located  

postsynaptically  and are in t r in s ic  to  neuronal elements in the 

striatum . In con trast, n igral in je c t io n  of 6-hydroxydopamine(6-0HDA) 

which s e le c t iv e ly  elim inates n ig ro s tr ia ta l  DA neurons, does not 

reduce DA stimulation(Krueger et a l ;  1976). This indicates that  

DA receptors located on DA nerve terminals are not coupled to  

cyclase a c t iv ity (D 2  receptors).



Radioreceptor binding studies with (3H)Spiro, Hal, DA, apo­

morphine, and DHE have shown that properties o f these binding s ites  

are d i f fe r e n t  from the properties of DA-stimulated adenylate cyclase 

in the striatum (Burt e t a l ;  1976; Creese et a l ;  1976; Leysen et  

a l ; 1978a; T i t t l e r  et a l ; 1977). On the other hand, (3H) FIupenthixol 

(F lu) seems to label s ite s  with properties s im ila r  to  DA-stimulated 

adenylate c y c la s e (H y tte l , 1978; Cross and Owen, 1980). These 

observations have led to the suggestion tha t (3H)Spiro and (3H)Flu 

label predominantly the D2 and Dl receptors, respectively(Creese  

et a l ; 1979a; Cross and Owen ; 1980).

Several ergot d er iva tives  seem to be able to  d istingu ish d i ­

f fe re n t  DA receptors. Bromocryptine, l is u r id e  and le r g o t r i le  are 

extremely potent DA agonists in the a n te r io r  p i tu i t a r y  (Caron et 

a l ;  1978; Clemens et a l ; 1972). These compounds also decrease the 

turnover of DA (K e l le r  and Da Prada ; 1979) and are used c l in ic a l ly  

as DA agonists in the treatment of Parkinsonism(Calne, 1978; Fuxe 

et a l ;  1978). However, l is u r id e  and le r g o t r i l e  do not stimulate  

DA-sensitive adenylate cyclase(Kebabian et a l ; 1977). Furthermore, 

at high concentrations, they are antagonists of DA-stimulated ade­

nylate cyclase. Although bromocryptine has been shown to  ac t iva te  

adenylate cyclase, th is  ac t iva t io n  occurs at a very high concentra- 

t ion (Schorderet, 1976). Because at low concentrations ergot a lka lo ids  

seem to possess DA-agonist properties in the a n te r io r  p i tu i ta ry  

without a f fe c t in g  adenylate cyclase a c t i v i t y ,  i t  may be assumed that  

these drugs may in te ra c t  s p e c if ic a l ly  with D2 receptor s ites  at



low concentrations.

Among the various classes of antipsychotic drugs, only buty- 

rophenones, molindone and benzamides seem to discrim inate between 

various DA receptors. Antipsychotic drugs of the phenothiazine 

and thioxanthene classes strongly antagonize DA receptors linked  

to  adenylate cyclase activ ity (Kebabian et a l ; 1972; Clement-Cormier; 

1974). In con trast, butyrophenones are r e la t iv e ly  weak as DA 

antagonists of the cyclase system compared with th e i r  strong potency 

in other DA receptor systems(Caron et a l ;  1978; Burt e t al ; 1976; 

Wilk et a l ; 1975; Kebabian et a l ; 1972). The benzamides such as 

metoclopramide and s u lp ir id e ,  and the in d o le -d e r iva tive  molindone 

are antipsychotic agents(Stanley et a l ; 1979; Benoit et a l ;  1969; 

G allant and Bishop; 1968). They increase DA turnover in v iv o (P e r i -  

nger et a l ; 1976; Stanley and Wilk; 1979; Bunney et a l ;  1975) . 

Moreover, metoclopramide and su lp ir id e  have been shown to be potent 

DA antagonists in the a n te r io r  p i tu ita ry (M e ltz e r  et a l ; 1979). 

However, these drugs are v i r tu a l ly  inactive  in the DA-stimulated 

adenylate cyclase assay(Roufogalis et a l ; 1976; Spano et a l ; 1978; 

Cross and Owen; 1980) and are weak in (3H)neuroleptic binding assays.

In summary, the s ign ificance of Dl receptors in the control of  

parathyroid hormone release has been established, but i t s  ro le  in 

the CNS is  unclear. The importance of D2 receptors in the control 

of p ro lac tin  is  well characterized , and i t  may be involved with  

symptoms of Parkinsonism and schizoprenia. The ergot d e r iv a t iv e  bro­

mocryptine, which seems to  be a sp ec if ic  D2 agonist, has been used 

with some success in the treatment of Parkinsonism. I t  has also



been reported to induce a f lo r id  paranoid psychosis(Kebabian and 

Caine, 1979). The antipsychotics molindone and the benzamide 

deriva tives  behave as s p e c if ic  D2 antagonists; t h e i r  e ff icac y  in 

the treatment of schizophrenia implicates D2 receptor dysfunction 

in schizophrenic p a tien ts .

Although th is  biochemical c la s s i f ic a t io n  of DA receptors pro­

vides a simple means of designating various DA receptors, there  

are several important issues needed to  be considered: F i r s t ,  the

observed pharmacological properties of a drug may be dependent 

on the tissue in which they occur. For example, apomorphine be­

haves as a p a r t ia l  Dl receptor agonist in the striatum(Kebabian 

et a l ; 1974), but i t  lacks any agonist a c t iv i t y  on the parathyroid  

Dl receptor. The IC50 o f fluphenazine in antagonizing the DA -sti­

mulated adenylate cyclase in the parathyroid gland is  about 60 nM 

(Brown et a l ;  1977). This is  ten times weaker than i t s  potency 

in antagonizing the DA stimulated adenylate cyclase in the striatum .  

S im ila r ly ,  the butyrophenone spiroperidol is  20 times weaker in the 

parathyroid system than in the s t r ia t a l  system. Secondly, although 

there are se lec tive  D2 receptor agonists and antagonists, there are 

no known se lec tive  Dl receptor agonists and antagonists at present. 

Binding studies using (3H)Flu have indicated th a t  th is  ligand may 

predominantly label Dl s i te s ,  but studies have reported th a t  th is  

compound is  a potent antagonist on the D2 receptor in the an te r io r  

p itu itary (C aron  et a l ; 1978), and in (3H)Spiro binding (Cross and 

Owen, 1980). T h ird ly ,  i t  is  d i f f i c u l t  to  c la s s ify  DA receptors in  

the renal a r te ry  using th is  biochemical approach. DA vascular re ­

ceptors in the renal a r te ry  have an agonist p r o f i le  s im ila r  to
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th a t  found in DA receptors in the striatum(Goldberg and K ohli,

1979). Thus, DA, epinine and the DA r ig id  analog 2-amino,6 , 7-d ihy-  

droxy te trahydro te tra lin  are f u l l  agonists in both systems 

( Kebabian, 1978; Goldberg and Kholi;  1979). However, the benzamides 

su lp ir id e  and metoclopramide, two reported sp e c if ic  D2 antagonists, 

have been shown to be most spec if ic  antagonists on the DA vascular 

receptors(Goldberg et a l ;  1978 ) . Furthermore, whereas the 

potency of fluphenazine was greater than chlropromazine on the Dl 

system in the s tr ia tum , the potency of fluphenazine in the vascular 

system is comparable to chlorpromazine. Although the measurement 

of potencies fo r  drugs in the DA vascular receptor is  based on a 

physiological response ra ther  than a biochemical measurement of 

cAMP le v e ls ,  i t  is  expected th a t  when two receptor systems possess 

s im ila r  agonist p r o f i le s ,  t h e i r  antagonist p ro f i le s  can be expected 

to  be s im ila r .  This has not been observed fo r  the DA vascular and 

s t r ia t a l  Dl s i te s .

Objectives Of The Experiments

The objectives of th is  research were to  (1) compare the 

antiDA properties in vivo of antipsychotic drugs with t h e i r  

a b i l i t y  to compete fo r  (3H)Spiro binding s i te s .  This study could 

te s t  the r e l i a b i l i t y  of binding assays in predicting the anti-DA  

properties in vivo of antipsychotics. (2) To examine the properties  

of binding s ites  labeled by (3H)DHE in the striatum . Proposed by 

Kebabian and Calne(1979) as a sp e c if ic  D2 receptor l igand, (3H)DHE 

sites  may show high a f f i n i t y  fo r  the benzamide neuro leptics, meto-

(see pg. 163)



Some neuroleptics can be c la s s if ie d  as atypical on the basis of 

apparently anomalous properties . For example, drugs such as cloza­

pine and s u lp ir id e  are antipsychotic agents but they produce few 

i f  any extrapyramidal side e f fe c ts ,  a prominent sign of DA receptor  

blockade(Gross and Langer 1966, 1970; Benoit et a l . ,  1969; Haase 

et a l . ,  1974). The benzamide d e r iv a t iv e ,  metoclopramide, produces 

catalepsy and extrapyramidal effect.s(Jenner et a l . ,  1978 a, b ) ,  

elevates homovanillic acid and DOPAC levels  in striatum and tuber-  

culum olfactorium (Peringer et a l . ,  1976; Stanley and W ilk, 1979), 

possesses antipsychotic a c t iv ity (S ta n le y  et a l . ,  1979), ye t  i t  

does not antagonize DA stim ulation of adenylate cyclase (Roufogalis 

et a l . ,  1976; Jenner et a l . ,  1978a, b) and competes poorly with  

(3H)Spiro fo r  binding s ites  in ra t  striatum(Howard et a l . ,  1978).

The dibenzoheteroepine d e r iv a t iv e ,  perlapine, increases DA turnover 

(Wilk and Stanley, 1977), induces catalepsy(Burki et a l . ,  1975), 

increases p ro lac tin  secretion(M eltzer et a l . ,  1977), but only weak­

ly  antagonizes DA stim ulation of adenylate c yc las e (M il le r  and 

H ile y ,  1976) and is  considered to lack antipsychotic efficacy(Wander 

L t d . ,  Berne, Personal communication). Because of th e i r  anomalous 

e f fe c ts  on DA systems, these atypical neuroleptics have become 

valuable probes in e luc idating  the re la tionsh ip  between DA and 

antipsychotic e ffe c ts (s ee  Table 1A fo r  a summary o f the properties  

exhib ited  by the atyp ical neuro lep tics). (page 164)

As an extension of studies on DA turnover in th is  laboratory ,  

we were in terested  in examining the e ffec ts  of these atypical as 

well as typ ica l  neuroleptics on binding of (3H)Spiro and to



compare t h e i r  e f fe c ts  with t h e i r  properties in v ivo . This study 

could show the value of binding assays in predicting properties in  

vivo of neuroleptic drugs. Accordingly, we characterized (3H)Spiro  

binding to  c a l f  s t r ia t a l  membranes and examined the e ffec ts  of an 

extensive series of a typ ical and typ ica l neuroleptic drugs and two 

c l in ic a l l y  inac t ive  butyrophenones on (3H)Spiro binding. This 

work constituted the f i r s t  series of experiments.

In the second study, we characterized (3H)DHE binding to c a l f  

s t r ia t a l  membranes using a low concentration of d-butaclamol as the  

masking drug. Proposed by Kebabian and Caine as the spec if ic  

radioligand fo r  02 receptor s i te s ,  (3H)DHE binding s ites  are of  

p a r t ic u la r  in te re s t  because they may label s ites  where the benzamide 

neuroleptics act in v ivo . These drugs are inactive  in the adenylate  

cyclase assay and are exceptionally  weak in the (3H)Spiro binding 

assay, despite t h e i r  a c t iv i t y  in v ivo . Since (3H)DHE and dr-butacla- 

mol have high a f f i n i t i e s  fo r  other receptor s i te s ,  we decided to  

lower the concentration of d-butaclamol, the displacing drug, to  

define a sp ec if ic  binding DA binding s i te .  This approach seemed 

to have enhanced the s p e c if ic i ty  of the (3H)DHE binding system.

In the th ird  study, we characterized (3H)Spiro binding to  c a l f  

s t r ia t a l  membranes using a low concentration of d-butaclamol as the 

masking drug. (3H)Spiro binding to s t r ia ta l  tissues was heterogeneous 

when a high d-butaclamol concentration was used as the masking 

drug. In an e f fo r t  to  enhance the s p e c if ic i ty  of binding , we 

lowered the concentration of the displacing drug and examined the 

properties of (3H)Spiro binding under these conditions. This



study demonstrates the su p er io r ity  of using low masking ligand  

concentrations in radioreceptor binding assays.

In the fourth study, we examined binding of radioligands to  

cryostat cut slide-mounted brain s l ic e s .  Patterns o f displacement 

of radiolabeled s ites  were studied by atypical and typ ica l neurolep­

t ic s .  A comparison was made between the resu lts  of th is  system 

with th a t  of the membrane preparations.

In the f in a l  experiments, we studied the e f fe c ts  of metoclopra­

mide and s u lp ir id e  on DA turnover in vivo in hypophysectomised 

ra ts  . Portaleone et a l (1978) reported th a t  the a b i l i t y  o f these 

drugs to increase DA turnover in the brain is  lo s t  in hypophysecto- 

mized ra ts ,  suggesting th a t  hormones secreted by the p i tu i ta r y  

were responsible fo r  the central antiDA properties of these 

drugs. To confirm t h e i r  re s u lts ,  we examined the e f fe c ts  of 

these agents on DA metabolism in hypophysectomised rats  and compared 

them to the results  obtained in the in ta c t  animal. In add it ion ,  

we studied the e f fe c ts  o f  su ltopride and t ia p r id e ,  two benzamide 

d e r iv a t iv e s ,  on DA turnover.
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M ateria ls  fo r  Radioreceptor Binding Studies

Fresh c a l f  brains were obtained on ice from a slughterhouse. 

S tr ia ta  and other regions were dissected out and frozen in a -80°C 

f reezer  fo r  periods of up to 2 weeks. (3H )Spiro (specific  a c t iv i t y  

23 Ci/mmol) , (3H)DHE(specific a c t iv i t y  31 Ci/mmol), and Formula- 

963 s c in t i l la t io n  cockta il were purchased from New England Nuclear, 

Boston, MA. The p urity  o f  (3H)Spiro (>93 %)  was checked by a th in  

layer  chromatography system(chloroform:methanol( 9 : 1 ) ) .  The purity  

of (3H)DHE was checked by two th in  layer  chromatography systems 

( chloroform :to luene:ethanol: ammonium hydroxide(4 :2 :l:  0 .1 )  ; 

chloroform :ethanol: g lac ia l  ace tic  a c i d ( 9 : 5 : l ) ) .  Whatman glass 

f ib e r  GF/C f i l t e r s  and ascorbic acid were purchased from Fisher 

S c ie n t i f ic  Co. S p r in g f ie ld ,  NH. The drugs were generously supplied 

by the follow ing companies: DHE, c lozapine, perlap ine, th ie th y lp e -

razine(Sandoz, East Hanover, NJ); l e r g o t r i l e ( E l i  L i l l y ,  Ind ianapolis ,  

IN );  loxapine( Lederle , Pearl R iver ,  NY); sulpiride(Warren-Teed,  

Horsham, PA); metoclopramide (A.H. Robbins, Richmond, VA); spirope­

r id o l ,  domperidone, and penflurido l (Janssen, Beerse, Belgium); 

t ia p r id e  and sultopride(Delagrange, P a ris , France); chlorpromazine 

(Smith, K l in e ,  and French, Ph ilade lph ia , PA); d- and 1-butaclamol 

(Ayerst, Montreal, Canada); fluphenazine(E.R. Squibb, Princeton,

NJ); U-25, 927(Upjohn, Kalamazoo, M I);  ha loperidol(M cNeil, Fort 

Washington; PA); c is -  and t ra n s - f lu p e n th ix o l ( H.Lundbeck, Copenhagen, 

Denmark); pargyline(Abbott, North Chicago, I L ) .  Phentolamine (Ciba 

Geigy, Summit, NJ). Seroton in(5-HT), l -n o rep in ep h rin e ((- )N E ),  

procainamide, methysergide, and bovine serum albumin were purchased 

from Sigma, S t.Lou is , MO.



Membrane Preparations

Bovine s t r ia ta  and other regions were homogenized in 50 volumes 

of ice-co ld  50 mM Tris  HC1 b u ffe r ,  pH 7.7 at 25°C, with a Brinkman 

polytron PT-10(se tting  3, 15 sec). The homogenate was centrifuged  

at 1000 x g fo r  10 min(Sorvall RC 2B, ro to r -3 4 ) .  The p e l le t  (P I)  

was discarded and the supernatant (S I)  was centrifuged at 39,000 x 

g fo r  10 min. The 39,000 x g p e l le t(P 2 )  was washed and rehomogeni­

zed with a Teflon glass homogenizer(setting 7, 15 up and down 

strokes) in fresh Tris-HCl bu ffer  and recentrifuged at the same 

speed. The f in a l  p e l le t  was then rewashed and rehomogenized at a' 

f in a l  concentration o f 20 mg orig ina l wet weight per ml in  a cold, 

fresh 50 mM T r is  HC1 bu ffe r  containing 0.1% ascorbic ac id , 10 uM 

pargyline, 120 mM NaCl, 5 mM KC1, 2 mM CaCl2 and 1 mM MgClg* pH 

7.1 at 37°C. This f in a l  suspension was placed in a 37°C bath fo r  

5 min and returned to ic e .

Procedures of Radioreceptor Binding Studies

In saturation  experiments, 100 ul o f increasing concentrations  

of rad io ligand , d ilu ted  with 0.1% ascorbic ac id , 100 ul o f 0.1% 

ascorbic acid or d-butaclamol and 800 ul o f tissue suspension were 

added to each tube. The range of radiolabel used was 10~H to  

10-9 M. A ll determinations were in t r i p l i c a t e .

In competition experiments, 100 ul of rad io ligand, 50 ul of 

0 .1% ascorbic acid or d-butaclamol solution and 800 ul of tissue  

suspension were added to  each tube.



All tubes were incubated at 37°C when (3H)Spiro was used.

Tubes were incubated fo r  25 min when 1 uM d-butaclamol was used to  

define nonspecific binding and 30 min when 4 nM d-butaclamol was 

used to  define nonspecific binding. When (3H)DHE was used, incuba­

tion  was done a t  25°C fo r  100 min under dim l ig h t .  Incubation was 

terminated by rap id ly  f i l t e r i n g  the contents through Whatman glass 

f ib e r  GF/C f i l t e r s  under vacuum . A fte r  three 5 ml rinses with  

ice-co ld  50 mM Tr is  HC1 b u ffe r ,  pH 7.7 at 23°C, the f i l t e r s  were 

placed in glass s c in t i l la t io n  v ia ls  with 9 ml of Formula963 s c i n t i l ­

la t io n  c o c k ta i l ,  shaken in the dark fo r  15 min and analysed by 

s c in t i l la t io n  spectrometry(Beckman LS-250) a t 45-50 % counting 

e f f ic ie n c y .

Analysis of Binding Data

Data from binding experiments were analysed by the PROPHET 

computer o f the National In s t i tu te  of Health. Based on the M ichaelis-  

Menten equation, B = Bmax (S) /  (Kd + S ) ,  a computerized procedure 

calculates the d issociation  constant (Kd) and the to ta l  receptor  

density(Bmax) from the data of saturation experiments. I t  also 

provides the user with the Scatchard(1949) and the H i l l  ana lys is (1913 ).

The H i l l  equation is  : Log(B/(Bmax-B)) = n log(S) -  log Kd, 

where B is  the amount bound by the rad io ligand, Bmax is  the to ta l  

receptor bound, n is  the H i l l  c o e ff ic ie n t  , Kd is  the d issociation  

constant, and S is the concentration of rad io ligand. When the H i l l  

c o e ff ic ie n t  is  close to u n ity ,  binding is  assumed to  be competitive  

and that s ites  are non -in te rac ting . When n is  non-unity, binding  

is  in te rp re ted  as exh ib it in g  cooperativ ity  (negative or pos it ive)
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or tha t the s ites  are heterogeneous.

The Scatchard analysis is  based on the equation: B/S = Bmax/Kd

-  B/Kd. P lo t t in g  B vs. B/S would y ie ld  Bmax on the x - in te rc e p t.

Kd is the negative of the inverse of the slope. A l in e a r  Scatchard 

p lot indicates th a t  the binding s ites  are homogeneous. On the 

other hand, a c u rv i l in e a r  Scatchard is in d ic a t iv e  of m u ltip le  

binding s ites  or cooperativ ity  is  involved in the binding process.

The in h ib it io n  constants(K i) fo r  drugs with unity H i l l  c o e f f i ­

c ients were analysed by the methods of Dixon(1953), where

Kd . 1_________
Ki = (Bmax) (S) slope ,

Ki is  the in h ib it io n  constant of the unlabeled competitor, Kd and 

Bmax are the d issoc iation  constant and the to ta l  receptor density  

of the system, S is  the concentration of the radioligand used in 

the competition experiment, and the (slope) is  the slope of the Dixon 

p lo t ,  depicting competitor concentration vs the inverse of the 

amount bound by the radioligand in the presence of the competitor.

In add it ion , the competition experiments were analysed by the 

methods of Scatchard and H i l l .  These analyses assume th a t  the 

amount bound by the competitor is  equal to  the d ifference between 

binding in the absence and in the presence of the competitor. The 

IC50's fo r  a l l  drugs were computed from the H i l l  analysis .

Protein  Determinations

Protein concentrations were measured by the method of Lowry et al 

(1951) with c ry s ta l l in e  bovine serum albumin as the standard.



Procedures For Binding to  Brain Slices

C a lf  striatum or ra t  brain were mounted onto a cryostat chuck 

with Li pshaw M-l embedding m atrix ,  and frozen on the quick-freeze  

stage of a Damon/I EC c ryos ta t.  32 uM th ick  sections were cut in 

the coronal plane a t  -20°C, and thaw-mounted onto glass microscope 

s lid es . Approximately 150 sections were prepared from a c a l f  

striatum  and 80 sections from ra t  brains containing s t r ia t a l  t issues.  

Sections were stored at -20°C fo r  up to two weeks. In binding 

experiments, s t r ia ta l  s lices  were incubated in  a Coplin sta in ing  

j a r  with (3H)Spiro or (3H)DHE in 25 ml o f the same T r is  HC1 s a lt  

buffer(50  mM, pH 7.1 at 4°C) used in the membrane experiments. 

Incubations were carr ied  out at room temperature fo r  60 min with  

(3H)Spiro and 100 min with (3H)DHE. (3H)DHE incubations were 

conducted under dim l ig h t .  A fte r  incubation, the s lices  were 

washed in three changes of ice-co ld  bu ffe r  fo r  10 min each. The 

sections were removed from the glass slides while s t i l l  wet, with  

Whatman GF/C glass f ib e r  papers attached to a hemostat. The f i l t e r  

paper was then placed in to  a s c in t i l la t io n  v ia l  with 9 ml of Formu­

la-963 c o c k ta i l .  A fte r  20 min shaking in the dark, the ra d io a c t iv ity  

was determined by l iq u id  s c in t i l la t io n  spectrometry(LS-250) with  

45-50% counting e f f ic ie n c y .  Background values, determined by 

wiping the back of each s lid e  with f i l t e r  paper, were ty p ic a l ly  

20j^ 3 cpm.

M ateria ls  and Methods fo r  Determination of DA metabolites  

Pentafluoropropionic anhydride was obtained from Pierce  

Chemical, Rockford, IL .  l -c h lo ro - l , l ,3 ,3 ,3 -p e n ta f lu o ro -2 -p ro p a n o l
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was obtained from the Penisula Chemical Research Co., G a in esv ille ,

FL. Both were p u r if ie d  by fra c t io n a l d i s t i l l a t i o n .  Homovanillic 

acid(HVA) and 3 ,4-dihydroxyphenylacetic acid(DOPAC) were obtained 

from the Sigma Chemical Company, S t .  Louis, MO. 3 , 4-dihydroxyphenyl-  

propionic acid and 4-hydroxy3-methoxycinnamic acid were obtained 

from the Aldrich Chemical Co., Milwaukee, WI. 4-hydroxy-3-methoxy- 

phenylpropionic acid was prepared by c a ta ly t ic  hydrogenation of 

the cinnamic ac id , using methanol as solvent and 10% palladium on 

carbon as c a ta ly s t .  JXR(3%) coated on gas chrom Q 100/120 mesh 

was obtained from the Applied Science Laboratories, In c . ,  State  

College, PA.

Male Sprague-Dawley rats  weighing 175-225 g were used in  

these studies. Animals were kept at room temperature with free  

access to  food and water. Stock solutions of drugs were prepared 

by dissolving drugs in a minimal amount of g lac ia l acetic  acid,  

and ser ia l  d i lu t io n s  were made with normal s a l in e .  Drugs were 

administered i . p .  on a mg/kg basis. Rats were k i l le d  by decapita­

t io n  and brains rap id ly  removed. A transverse scalpel cut was made 

a n te r io r  to  the hypothalamus at the level of the a n te r io r  commissure 

through the optic  chiasm. Left and r ig h t  s t r ia ta  on e i th e r  side 

of the cut were dissected out and combined. Le ft  and r ig h t  tuberculi  

olfactorium(TO) were dissected out from the a n te r io r  brain sections 

and combined. The TO was defined l a t e r a l l y  by the la te ra l  o lfac to ry  

t r a c t ,  m edially  by the most medial part o f the a n te r io r  commissure 

and dorsa lly  by a plane tangentia l to  the la te ra l  o lfa c to ry  t r a c t .  

T y p ic a lly ,  combined s t r ia ta  weighed 45 mg and combined TO weighed 

10 mg per ra t  bra in .



Q uantita tion  of DOPAC and HVA

S tr ia ta  and TO from indiv idual ra t  brains were homogenized 

separately in  1 ml of cold 1 N HC1 and centrifuged at 4°C fo r  15 

min at 15,000 rpm in a Sorvall RC-2B re fr ig e ra te d  cen tr ifug e .

DOPAC and HVA were simultaneously analysed in 0.1 ml of the 

supernatant from the striatum  and 0.25 ml of the supernatant from 

the TO. A f te r  additions o f  25 ul H2 O, 10 ul d iethyldithiocarbam ate  

and in te rn a l standards, 4-hydroxy-3-methoxyphenylpropionic acid 

fo r  HVA and 3 , 4-dihydroxyphenylpropionic acid fo r  DOPAC, the 

acids were extracted in to  1 ml o f cold e ther. The ether layer  was 

transfered to a 3-ml ground-glass-stoppered cen tr ifuge tube and 

evaporated under a stream of n itrogen. The acids were der iva tized  

with 10 ul of l -c h lo ro - l , l ,3 ,3 ,3 -p e n ta f lu o ro -2 -p ro p a n o l  and 50 ul 

of pentafluoropropionic anhydride by heating in the stoppered tube 

fo r  15 min at 75°C. A f te r  evaporation of the reagents by a stream 

of n itrogen, the reaction was completed by adding 40 ul pentafluo­

ropropionic anhydride and heating in the stoppered tube fo r  an 

add itional 5 min a t  75°C. The excess anhydride was removed under 

a stream of nitrogen and the d er iva t ized  samples were then dissolved  

in to luene. The d er iva tives  were chromatographed on a 3% JXR 

column at 135°C in a Packard 1400 series gas chromatograph equipped 

with an e lectron  capture detector which has a 150 mCi t r i t iu m  f o i l  

as the e lectron source. The flow ra te  of nitrogen c a r r ie r  gas was 

60 ml/min. The temperatures were: in le t  175°C, column 175°C, 

and the detector 180°C.



Quantitation of DA

For quantita tion  o f DA, to 0 .2  ml of s t r ia t a l  sample, were 

added 4 ml of 0 .5  M Tr is  HC1 buffer(pH 8 .5 ) ,  100 mg alumina, 0.1 ml 

10% EDTA and 50 ng of the in ternal standard, alpha-methyldopamine.

The samples were ag itated  by hand fo r  3 min to  adsorb the catechol­

amines and the solutions aspirated and discarded. The alumina was 

washed 3 times with 5 ml of d i s t i l l e d  water, each with 1 min shaking, 

c en tr ifug ing , and the water removed by asp ira t io n . 1 ml o f 0.25 M 

acetic  acid dissolved in methanol was then added to  the alumina and 

shaken fo r  3 min to e lu te  DA. The solution was then c a re fu l ly  

transfered to  3 ml s ilan ized  centrifuge tubes and dried under 

nitrogen. To the residues was then added 10 ul o f 1.25 mg/ml 

di ethyldithiocarbam ate, 50 ul of pentafluoropropionic anhydride and 

100 ul ether . The samples were allowed to react a t room temperature 

fo r  5 min and dried under nitrogen. Afterward, d er iva tives  were 

dissolved by adding 500 ul of toluene to the residue . DA was 

detected by chromatography on a 3% 0V-17 column at 132°C.



The (3H)Spiro /  1 uM d-Butaclamol Study 

Results

Specific  binding of (3H)Spiro to c a l f  s t r ia ta l  membranes, defined 

as the d ifference between binding in the absence and presence of 

1 uM d-butaclamol, was saturable , nonhomogeneous, reve rs ib le ,  

stereospecific  and heat sen s it ive .  A fte r  a 25 min incubation at  

37°C, spec if ic  binding plateaued at approximately 3 nM (3H)Spiro 

(F ig  1 ) .  The to ta l  receptor density(Bmax) and d issociation con­

s t a n t ^ ) ,  determined by the PROPHET computer, were 230 +  10 

fmole/ mg protein and 0.69 +_ 0.09 nM, respective ly  fo r  an average 

of 11 determinations. The Scatchard p lo t(F ig  2) revealed hetero­

geneity in these binding s i te s .  By assuming the system to  be the 

sum of two Michaelis-Menten equations, i t  was calculated tha t  

the higher a f f i n i t y  component represented about 20 to  30% of 

the saturable s i te s ,  with a Kd of approximately 0.12 nM, whereas 

the remaining lower a f f i n i t y  component had a Kd of about 1.3 nM. 

Despite the nonhomogeneous behavior, as revealed by Scatchard 

analys is , the H i l l  analysis of the data gave a H i l l  slope of 

close to u n ity (1 .0 3 )  and a s tra ig h t  l in e  was obtained with the 

Lineweaver-Burke p lo t .

The k in e t ic s  of association of (3H)Spiro at 37°C were carried  

out with three concentrations of labeled ligand. At a concentration  

of about 1 Kd(0.58 nM), to ta l  binding reached equilibrium  by 18 

min, although a t  0.1 Kd(0.07) and 10 Kd , equilibrium  was reached 

by 20 and 15 min resp ec tive ly . The nonspecific binding at a l l  three  

concentrations reached equ ilib rium  w ith in  3 min. The k ine tics  of



association were analyzed at 0.58 nM. A graph of Ln(Beq/(Beq -  B ( t ) ) )  

vs. time y ie lded  a k ^  of 0.155 min- -*-; k^, the association rate  

constant, calculated from k0bs anc* k - l>  the dissociation ra te  constant 

(see below), was 1.67 x 10^ M“1 min“l .  I t  was assumed th a t  in the 

saturation  experiments a l l  substrate concentrations used (0.02  

to  10 nM) were at e q u i l ib r ia  a f te r  a 25 min incubation.

The d issociation  k ine tics  were carr ied  out a f te r  a 25-min 

incubation with (3H)Spiro by the addition of 1.5 uM d-butaclamol.

H a lf  o f  the bound (3H)Spiro was displaced a f te r  9 min, and by 20 

min, no fu r th e r  displacement was seen. The nonspecific binding at 

these conditions s ta b i l iz e d  w ith in  3 min. A p lo t of L n (B (t ) )  vs. 

time yie lded k_^ o f 0.0589 min"-*-. The ra te  of d issociation was 

monophasic. The d issociation constant Kd, calculated from k . j / k j  

was 0.36 nM, a value s im ila r  to the Kd from saturation experiments.

Specific  binding o f (3H)Spiro is  heat sensitive and l in e a r ly  

dependent on protein concentration. Preheating of the f in a l  homo- 

genate in b o iling  water fo r  2 min eliminated spec if ic  binding.

There was a steady l in e a r  re la tionsh ip  between protein concentration  

and spec if ic  binding up to  1.8 mg of protein per te s t  tube. In a 

routine experiment, the f in a l  concentration of protein used was 

approximately 0 .8  mg/test tube.

S te reo s p ec if ic ity  o f binding was observed in the competition  

experiments, fo r  the d-isomer of butaclamol was much more potent 

than the 1-isomer in competing fo r  (3H)Spiro binding s ites(see  

Table 2 ) .  Since (3H)Spiro binds to more than one class o f binding 

s i te s ,  i t  was c r i t i c a l  to  learn i f  the spec if ic  binding of (3H)Spiro  

was completely in h ib ited  at 1 uM d-butaclamol, the concentration



selected to define sp e c if ic  binding. Accordingly, the in h ib it io n  

of sp ec if ic  binding with 1 nM (3H)Spiro was t i t r a t e d  with increasing  

concentrations of d-butaclamol. I t  was observed th a t  1 uM d-butaclamol 

completely suppressed sp ec if ic  binding and no fu r th e r  in h ib it io n  

was seen with higher d-butaclamol concentrations. (F ig 3 ) .

The e f fe c t  of vaious typ ica l and atypical neuroleptics on 

binding of (3H)Spiro was studied with a f ixed  concentration  

of the unlabeled agents(Fig . 3 ) .  At 1 to  1.5 nM of (3H)Spiro, 

sp ec if ic  binding accounted fo r  approximately 70 to  85% of the to ta l  

binding. In a prelim inary study, with haloperidol as the competing 

drug, i t  was found that by 25 min of incubation, the system had 

e q u il ib ra ted  with regard to the reduction of the spec if ic  binding 

of (3H)Spiro. Data from competition experiments were analysed by 

the Dixon, Scatchard and H i l l  p lo ts . As shown in Figures 4 , 5a and 

5b, competition by unlabeled spiroperidol fo r  (3H)Spiro y ie lded  

s im ila r  in h ib it io n  constants(K i) in these d i f fe re n t  analyses, and 

the Scatchard analysis of the competition experiment again revealed  

a deviation  from l in e a r i t y ,  despite a H i l l  slope near u n ity (1 .0 6 ) .

The Ki and IC5U values determined from Dixon's method and 

H i l l  p lo t fo r  various typ ica l and atypical neuroleptics are l is te d  

in Tables 1 and 2. Since the Dixon method described was su itab le  

only to ca lcu la te  the Ki values fo r  simple competitive in h ib ito rs ,  

the IC501s fo r  drugs with low H i l l  c o e ff ic ie n ts  are l is te d  sepa­

ra te ly  in Table 2 instead of K i ' s .  For neuroleptic agents with  

H i l l  c o e ff ic ie n ts  close to  u n ity ,  the Ki values ranged from 1.2 

nM fo r  spiroperidol to  29,000 nM fo r  s u lp ir id e ;  AHR-1900 had a
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value o f 820 nM. Among the butyrophenones, spiroperidol was 20 times 

more potent than haloperidol and 700 times more potent than the 

c l in ic a l l y  inactive  congener AHR-1900. Among the phenothiazines, 

fluphenazine was 3 times more potent than th ie thy lperaz ine  and 4 

times more potent than chlorpromazine. The benzamide d e r iv a t iv e s ,  

metoclopramide and s u lp ir id e ,  were v i r tu a l ly  inactive  in competing 

fo r  the (3H)Spiro s i te s ,  showing Ki ' s  of about 5800 and 29000 nM, 

respective ly .

Of the neuroleptic agents with low H i l l  c o e ff ic ie n ts ,  the 

c l in ic a l l y  active  d-butaclamol was 500 times more potent than 

the c l in ic a l l y  inactive  butyrophenone U-25,927. Among the diben- 

zoheteroepines, the antipsychotic loxapine was 500 times more 

potent than perlapine and clozapine was four times weaker than 

i t s  1c i s ‘ isomer, HF-2046 and 8 times weaker than loxapine. I t  

is  important to note th a t  the binding potencies of clozapine,an  

antipsychotic agent, and the c l in ic a l ly  inactive  butyrophenone, 

U-25,927, were s im ila r .  The two c l in ic a l ly  active  benzamides were 

much weaker than the c l in ic a l l y  inactive  butyrophenone, AHR-1900. 

Perlap ine, an agent with various DA antagonistic properties in vivo,  

was also weaker than the c l in ic a l l y  inactive  butyrophenone U-25,927 

in  the binding assay.

In Table 3, the e ffe c ts  of various typ ica l and atypical neuro­

le p t ic s  on binding and on DOPAC elevation  are compared and corre­

la ted  to  the average c l in ic a l  dose of these compounds. For the 

neuroleptics l is t e d ,  there  is  a s ig n if ic a n t  co rre la t ion  between 

the ED50's fo r  DOPAC e levation  in ra t  striatum and c l in ic a l  dose 

(R= 0 .86; P< 0 .005 ) .



In comparison, a somewhat lower corre la t ion  was found between 

IC501s fo r  (3H)Spiro s ites  and c l in ic a l  dose(R= 0.72; P< 0 .0 1 5 ) .

I t  is  important to point out tha t fo r  typ ica l neuroleptics there is  

a good agreement between IC50 values and c l in c ia l  dose. I t  is  fo r  

the atypical neuroleptics tha t a considerable disagreement exists  

between binding data and antipsychotic e f f ic a c y .

Discussion

This study demonstrates th a t  (3H)Spiro labels more than one 

class of binding s ites  in c a l f  s tr iatum . As shown by Scatchard 

a n a ly s is (F ig .2 ) , there seems to be a high a f f i n i t y  component com­

pris ing  20 to  30% of the binding s ites  and a higher capacity , lower 

a f f i n i t y  component. This is in contrast to  previous results  obtained 

by Creese et a l (1977) showing a single population of binding s ites  by 

Scatchard analys is . The reason fo r  the discrepancy may be re la ted  

to the r e la t iv e ly  small proportion of high a f f i n i t y  s i te s .  I f  in ­

s u f f ic ie n t  points and a wide spacing of substrate concentrations 

are used to  define the saturation  curve, the smaller component may 

be masked by the higher capacity and lower a f f i n i t y  s i te s .  Other 

investigators  have shown more than one class of binding s ites  labeled  

by (3H)Spiro in ra t  s tr ia tu m (B riley  and Langer, 1978; Pedigo et a l . ,

1978). At present, the meaning of these m ultip le  binding s ites  is  

not known, but i t  may represent (3H)Spiro binding to other neurotran­

sm itter  binding s i te s ,  in addition to  DAergic s i te s .  Since (3H)Spiro  

labels  more than one class of binding s ites  in c a l f  caudate, i t  is  

more prudent to  regard the Kd o f  (3H)Spiro and Ki ' s  o f various drugs 

in th is  study as the average a f f i n i t y  constants fo r  these s i te s .



Despite the nonhomogeneous behavior revealed by Scatchard 

ana lys is , the H i l l  analysis of the saturation data gave a H i l l  slope 

of close to  unity  and a s tra ig h t  l in e  was observed in the Lineweaver- 

Burke p lo t .  These descrepancies may be due to: (1) the logarithmic  

treatment in the H i l l  p lo t which tends to l in e a r iz e  points in the  

region of 50% saturation(10 to  90%) such tha t the lower capacity,  

higher a f f i n i t y  s ites  are being concealed; ( 2 ) the double-receprocal 

treatment of the Lineweaver-Burke p lot which compresses points at 

high substrate concentrations so th a t  the l in e  is  heavily  weighted 

in favor of the lower concentration points; (3) the Scatchard plot 

is  more accurate in th a t  i t  tends to exaggerate deviation from the 

th eo re t ic a l  relationship(Dowd and Riggs, 1965).

Since there is  at present no evidence favoring e i th e r  the 

higher or lower a f in i t y  s ites  as relevant to  the pharmacological 

a c t iv i t y  of neuro leptics , we f e l t  tha t i t  would be more meaningful 

to  examine the e f fe c ts  o f neuroleptic drugs under conditions in  

which both s ites  were labeled( 1- 1.5 nM (3H)Spiro).

As shown in Tables 1 and 2, the H i l l  co e ff ic ie n ts  determined 

from competion experiments fo r  various classes of neuroleptics are 

close to u n ity ,  but fo r  d-butaclamol and the dibenzoheteroepines, 

perlap ine, clozapine, HF-2046 and loxapine, the H i l l  co e ff ic ie n ts  are 

s ig n i f ic a n t ly  less than one. A low H i l l  c o e ff ic ie n t  (<1) could 

ind ica te  negative coo pera tiv ity  between indiv idual receptor s ites  

or the existence of m u lt ip le  binding s i te s .  Since the binding 

potencies of these dibezoheteroepines are weaker than would be 

expected from t h e i r  e f fe c ts  in vivo(see below), i t  is conceivable



tha t th is  class of agents binds less avid ly  to  both or one class of  

sites  labeled by (3H)Spiro, whereas other groups o f neuroleptics bind 

in a manner s im ila r  to  sp iroperido l.

Previous binding studies with (3H)DA antagonists have revealed  

several pharmacological and physiological properties o f these recep­

to r  s i te s .  (1) Binding of (3H)Hal and (3H)Spiro to ra t  striatum is  

not confined to receptors in t r in s ic  to n ig ro -s tr ia ta l  neurons but 

also includes receptors fo r  neurons orig ina ting  from c o rt ic a l  re -  

gions(Schwartz et a l . ,  1978; Garau et a l . ,  1978; Creese et a l . ,

1979a). (2) Antagonism of (3H)Hal and (3H)Spiro binding in f ro n ta l

cortex and hippocampus corre lates with t h e i r  an ti-se ro tonerg ic  pro­

perties  (Leysen et a l . ,  1978b; Creese and Snyder, 1978). (3) In h i ­

b it io n  o f (3H)Spiro binding by DA agonists in ra t  striatum  is modified 

by guanine nucleotides(Zahniser and M o lino ff ,  1978; Creese et a l . ,

1978, 1979a,b). (4) Antagonism of butyrophenone binding does not cor­

re la te  with the e f fe c t  o f neuroleptics on DA-stimulated adenylate 

cyclase. However, when (3H)Flu is  used as the ligand, a s ig n if ic a n t  

corre la t ion  is  ob ta ined (H y tte l, 1978; Cross and Owen, 1980). Therefore, 

i t  appears tha t receptor s ites  defined by various classes of labeled  

ligands are not necessarily identica l in a given brain region and 

tha t s ites  labeled by a p a r t ic u la r  ligand are probably heterogeneous. 

Further, since neuroleptic agents are comprised of many classes of  

compounds with varying pharmacolgical and c l in ic a l  p roperties , i t  

would seem rather un lik e ly  fo r  a study in v i t r o  based on competition  

with a labeled ligand to account fo r  the in vivo anti-DAergic e ffe c ts  

of a l l  neuro leptics. In th is  regard, the present study with atypical



neuroleptics has revealed th a t  the u n c rit ic a l  use of neuroleptic b in­

ding assays to predict anti-DAergic properties in vivo may y ie ld  

misleading resu lts .

As shown in Tables 1 to 3, the c l in c ia l l y  inactive  butyrophe­

none, AHR-1900, is  much weaker than the active  butyrophenones, 

spiroperidol and ha loperido l, in agreement with the data in vivo. 

However, the c l in ic a l l y  active  dibenzodiapzepine clozapine, which 

elevates DOPAC leve ls  in ra t(W ilk  et a l . ,  1975), has an IC50 value 

s im ila r  to the c l in ic a l l y  inactive  butyrophenone 11,25-927, which does 

not e levate DOPAC(Stanley and W ilk , 1977). Perlapine, an agent 

exh ib it ing  many anti-DAergic properties in vivo(Burki et a l . ,  1975; 

Wilk and Stanley, 1977; M eltzer e t a l . ,  1977) is  found to be weaker 

than the c l in ic a l l y  in ac t ive  butyrophenone U-25,927 in binding. The 

most s tr ik in g  discrepancy between binding and e ffec ts  in vivo is seen 

with the two benzamides, su lp ir id e  and metoclopramide. Su lp ir ide  is  

a drug with established antipsychotic e fficacy(Beno it et a l . ,  1969; 

Mielke et a l . ,  1977) and metoclopramide in recent studies has also 

been shown to  be c l in ic a l l y  active(S tan ley et a l . ,  1979). Both 

agents c h a ra c te r is t ic a l ly  increase DOPAC leve ls  in vivo(Stanley  

and W ilk , 1979). However, in binding assays su lp ir id e  is 40 times 

and metoclopramide 7 times weaker than the c l in c a l ly  inactive  bu­

tyrophenone, AHR-1900, and less active  than 1-butaclamol. These 

discrepancies between binding and properties in vivo of atypical 

neuroleptic drugs underscore the inadequacy of neuroleptic  

binding assays in predicting anti-DA properties of neuroleptic drugs.

In contrast to the (3H)Spiro assay, a s ig n if ic a n t  co rre la t ion  

was found between the ED50's fo r  DOPAC elevation  and the c l in ic a l



dose fo r  the typ ica l as well as atypical n eu ro lep tics (r> 0 .86 ) . An 

exeception is  perlap ine, a drug which elevates DOPAC, but on the  

basis of unpublished c l in ic a l  t r i a l s  was reported to lack antipsychotic  

a c t iv i t y .  On the basis of i t s  a b i l i t y  to  elevate DOPAC and p ro lac tin  

le v e ls ,  Wilk and Stanley(1977) and Meltzer et al (1977) have inde­

pendently predicted th a t  th is  drug would be found to be c l in ic a l l y  

active  i f  reevaluated at a dose range s im ila r  to  chlorpromazine.

In order to estab lish  a re la tionsh ip  between binding and c l in ic a l  

properties of antipsychotic drugs, we have made corre la tions between the  

a b i l i t y  of drugs to compete fo r  (3H)Spiro s ites  with the average c l in ic a l  

dose of these compounds. However, the 'average c l in ic a l  dose' 

may not represent the tru e  pharmacological potency o f these drugs.

Factors such as d ifferences in the indiv idual s e n s it iv i ty  to  drug, 

in drug in ac t iv a tio n  and in the formation of active metabolites  

w il l  a f fe c t  t h e i r  potency. In add it ion , the reported dosage of a 

compound may vary widely from one study to another. Despite  

these l im ita t io n s ,  the high corre la t ion  between the a b i l i t y  of 

antipsychotic drugs to compete fo r  (3H)Spiro binding s ites  with  

t h e i r  c l in ic a l  doses suggests th a t  competition fo r  DAergic binding 

s ites  is  associated with the therapeutic e f f icac y  o f these drugs.

I t  should be mentioned th a t  the a b i l i t y  of neuroleptic drugs to  

compete against other putative  neurotransmitter binding s ites  and the  

antagonism of DA-stimulated adenylate cyclase by these neuroleptics  

does not co rre la te  with t h e i r  c l in ic a l  e f f ic a c y .

In summary, i t  appears th a t  assays of (3H)Spiro binding to  

c a l f  s t r ia t a l  membranes can accurately predict the pharmacological 

(see page 165)



Fig. 1. Saturation of specific spiroperidol binding sites in calf 
striatal membranes. Triplicate tubes containing homogenate(0.8 mg 
of protein per tube) and the indicated amounts of (3H)Spiro were 
incubated in 1 ml of incubation medium at 37°C for 25 min. Total 
binding(R) and non-specific binding(V) were determined in the absence 
and in the presence of 1 uM d-butaclamol, respectively; The difference 
between the two is defined as specific binding(^). Total receptor 
density(Bmax) and dissociation constant(Kd) were 0.17 pnole/mg protein 
and 0.47 nM, respectively. Vertical bars represent S.D. of triplicate 
tubes in one experiment.
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Fig. 2. A Scatchard plot of the specific binding in Fig. 1. Ordinate 
is Bound(pmole/mg protein)

Free(Spiro(M)) . Kd and Bmax for high (H) and low(L)
affinity componets were obtained by fitting the binding data into 
the equation:

B = B^max (D*) + B̂ niax (D*)
D* + IyjH D* + K^L

where B^max = 0.05, B̂ inax = 0.155 pmol/mg protein, K^H = 0.12 nM,
K^L = 1.3 nM and D* is the concentration of (3H)Spiro used.
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Fig. 3. Inhibition of (3H)Spiro binding in calf striatal membranes 
by various neuroleptics. d-Butaclamol and other drugs were dissolved 
in a minimal amount of glacial acetic acid and diluted with 0.1% 
ascorbic acid. Incubation conditions are as indicated in Fig. 1. 
percentage of inhibition is the precentage reduction of specific 
binding by the indicated amount of unlabeled ligand. d-Butaclamol 
(O); thiethylperazine(A ); chlorpromazine( A ); clozapine (JB); AHR- 
1900 (Q ); metoclopramide(0 ); sulpiride(X)•
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Fig. 4. A Dixon plot of unlabeled Spiro competing for (3H)Spiro 
sites in calf striatal membranes. Triplicate tubes containing 
tissue homogenate(0.8 rag protein/ tube) and a fixed amount of 
(3H)Spiro(l to 1.5 nM) were incubated with indicated amount of 
unlabeled ligand at 37°C for 25 min. At 1 to 1.5 nM of (3H)Spiro, 
specific binding represented abount 70 to 85% of the total binding. 
The Ki values for the unlabeled ligand were calculated fron

Ki = Kd_______ x 1______ ^
(Bmax) (D*) (slope) ,

where Ki is the inhibition constant of the unlabeled ligand, Ki 
and (Bmax) are the dissociation constant and the total receptor 
density determined from saturation experiments(Fig. 1), (D*) is 
the concentration of (3H)Spiro used. Vertical bars represent S.D. 
for triplicates in one experiment.
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Fig. 5.a, A Scatchard plot of the competition experiment in Fig. 4.
The amount bound(B) represents the reduction in the specific binding 
in the presence of a specific concentration of unlabeled Spiro, 
b, a Hill plot of the competition experiment in Fig. 4. B is defined 
as above. Bu is the amount of specific binding in the absence of 
unlabeled Spiro. IC50(2 nM) and Hill coefficient(1.06) were calculated 
from the equation of the fitted line. The Ki value(0.7 nM) is obtained 
from

Ki = IC50

1 + Kd
where D* is the amount of (3H)Spiro used(1.3 nM) and Kd(0.69 nM) 
the dissociation constant from the saturation experiment.
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Table 1: Apparent in h ib it io n  constants(K i) and H i l l  co e ff ic ie n ts
___________of some neuroleptic agents fo r  (3H)Spiro s ites__________

Drug Ki + SE(n)a H i l l  C o eff ic ien t + SE(n)b

Spiroperidol 1 . 2

nM

+ 0.13 (4) 1 . 0 1 ( 2 )
Haloperidol 23 + 4.7 (3) 0.83 + 0.06 (3)
AHR-1900 829 + 95 (3) 0.87 + 0.12 (3)
Fluphenazine 1 0 . 8 + 3.4 (3) 1.0 + 0.14 (3)
Thiethylperazine 30 + 8.5 (3) 0.98 + 0.08 (3)
Chlorpromazine 40 + 2.3 (3) 0.92 + 0.05 (3)
Penfluridol 30 + 1 0 (3) 0.82 + 0.06 (3)
S ulp ir ide 29000 + 14000 (3) 0.87 + 0.24 (3)
Metoclopramide 5800 + 2 0 0 0 (3) 0.83 + 0.12 (3)

a Calculated by the method of Dixon; numbers in parentheses, number 
of experiments.

b Calculated from H i l l  p lo t ,  see Fig. 5b; number in parentheses, 
number of analyses.



Table 2: IC501s and H i l l  co e ff ic ie n ts  of neuroleptic agents not
exh ib it ing  simple competitive k in e t ics  on (3H)Spiro binding

Drug IC50 + SE(n)a H i l l  C o e ff ic ien t  
+ SE(n)a

d-Butaclamol 4.16 + 0 .5 (3) 0.74 + 0.05 (4)
1-Butaclamol 5290 + 1273 (3) 1.56 + 0.10 (3)
Loxapine 78 + 9 .5 (3) 0.72 + 0.03 (3)
HF-2046 265 + 95 (3) 0.62 + 0.01 (3)
Clozapine 1420 + 170 (3) 0.64 + 0.07 (3)
Perlapine 3990 + 810 (4) 0.51 + 0.14 (4)
U-25,927 1430 + 270 (4) 0.72 + 0.08 (4)

a Calculated from H i l l  p lo t ,  see Fig 5b.



Table 3: Comparison of in v i t r o  and in vivo e ffe c ts  of neuro leptics3

Drug IC50b ED50C C lin ic a l  dosed

nM um/kg um/kg

Spiroperidol 3.81 0.4 0 .06 (6 )
d-Butaclamol 4.16 0.34 0 .4  (7)
Fluphenazine 26 0.17 0 .09 (8 )
Haloperidol 104 0.43 (1) 0 .14 (8 )
Thiethylperazine 73 1.58 (2) 6 .4  (2)
Loxapine 83 3 (9)
Chlorpromazine 151 8.4 9 .87 (8 )
Clozapine 1420 61 (3) 6 . 1 2 ( 1 0 )
Perlapine 3990 11 (4) ?
Metoclopramine 16900 8.9 (5) 12  ' ( 1 1 )
S u lp ir ide 29000 176 (5) 40 (12)
AHR-1900 2130 in a c t iv e (3 ) inactive

a Correlation between IC50 and c l in ic a l  dose(r=0.79; P<0.01); 
corre la t ion  between ED50 fo r  DOPAC elevation  and c l in ic a l  dose(r=0.86, 
P<0.005).

b IC50 was calculated from the H i l l  p lo t .

c ED50 values represent the dose of drug producing a half-maximal
increase in DOPAC leve ls  in ra t  striatum measured at the time of  
peak response

d ( l )W ilk  et a l . ,  1975; (2) Rotrosen et a l . ,  1978; (3) Stanley and 
W ilk, 1977; (4) Wilk and Stanley, 1977; (5) Stanley and W ilk , 1979;
(6 ) Usdin and Efron, 1972; (7) Mielke et a l ; 1975. (8 ) Davis, J .M .,  
1974. (9) Heel e t a l ; 1978. (10) Simpson and Varga 1974. (11) Stanley
et a l ; 1979. (12) Mielke et a l ;  1977.



Specific  Methods For (3H)DHE Study

Saturable or sp e c if ic  binding was defined as the d ifference  

between binding in the absence and presence of 4 nM d-butaclamol.

This low concentration o f d-butaclamol was selected to define  

apparent DA s ites  fo r  the follow ing reasons: (1) DHE has been shown 

to  possess high a f f i n i t y  fo r  alpha-noradrenergic, 5-HT and DA 

s ite s  (Table 4 ) .  Therefore, at the nM range, (3H)DHE would label 

more than one receptor s i t e .  (2) d-butaclamol in te rac ts  with DA 

sites  in the nM range, and in te rac ts  with alpha-noradrenergic  

and 5-HT s ite s  in the 10~^M range(Table 4 ) .  At a concentration  

greater than 1 0 “ 8  M, d-butaclamol would c e r ta in ly  bind to more 

than one receptor population. Therefore, in order to  define a 

subclass of DA s ites  w ith in  the m ultip le  (3H)DHE binding s i te s ,  i t  

is  necessary to  lower the concentration of d-butaclamol. Based on 

i t s  a f f i n i t y  fo r  various receptor s i te s ,  4 nM d-butaclamol would 

p re fe re n t ia l ly  bind to the DA s ites  with minimal in te rac tio n  with  

the alpha-noradrenergic or 5-HT s i te s .  As shown below, although 

th is  concentration of d-butaclamol seems to  underestimate the  

number of binding s ites  in the saturation  experiment, experimentally  

th is  e rro r  does not grea tly  a f fe c t  the calculated values o f Kd and 

Bmax fo r  (3H)DHE.

The displacement of (3H)DHE binding by d-butaclamol was studied. 

As shown in F ig . 6 , the suppression o f (3H)DHE binding required  

more than f iv e  log concentration units o f d-butaclamol, and a 

50% in h ib it io n  occurred a t  4 nM. There was no apparent plateau 

over the e n t ire  range s t u d i e d ( 1 0 “ ^  to  1 0 " ^  M ), and i t  was



not possible to se lect a concentration of d-butaclamol which 

would appear to suppress only one component of binding s ites  

labe lled  by (3H)DHE. However, the slope of the displacement 

curve of (3H)DHE binding by d-butaclamol in the nM range was 

steeper than at higher concentrations. Since d-butaclamol in 

the nM range was so e f fe c t iv e  in competing against (3H)DHE 

binding , and since d-butaclamol in the nM range shows selec­

t i v i t y  fo r  DAergic s ites(Tab le  4 ) ,  we decided to  investigate  

the properties of (3H)DHE binding s ites  using 4 nM d-butaclamol 

as the masking drug.

Based on the a f f i n i t y  of d-butaclamol fo r  the 4 nM d-butaclamol 

sensitive  (3H)DHE s ites  given in Table 5, the % receptor occupancy 

by 4 nM d-butaclamol in the presence of 0.25 nM (3H)DHE, the 

concentration used in the competition experiments, is :

B/Bm = L / (  L + Km(l + I / K i ) )  (1)

= 4 / (4  + 0 .7 8 (1 + 0 .2 5 /0 .2 5 ))  = 72%.

In the saturation experiments, the highest concentration o f (3H)DHE 

used was 2.5 nM, and 4 nM d-butaclamol could th e o re t ic a l ly  occupy 

only 32% of these s ite s (e q . 1 ) .  I t  would seem therefore  tha t  

the Bmax o f (3H)DHE s i te s ,  defined as the d ifference in binding  

in the absence of presence of 4 nM d-butaclamol is  underestimated 

and th a t  Kd values are also a ffected by th is  e r ro r .  However, 

the v a l id i t y  of using 4 nM d-butaclamol as the masking drug is  

supported by the fo llow ing experiments. F i r s t ,  a saturation  

experiment was performed using 20 nM d-butaclamol to  define non­



spec if ic  binding. At th is  concentration d-butaclamol occupies 

70% of the receptor s ites  when (3H)DHE is  at 2.5 nM, and 93% 

when (3H)DHE is  0.25 nM ( e q . l ) .  Under these conditions the Kd 

was 0.2  nM, Bm was 60 fmol/mg pro te in , the Scatchard p lo t was 

l in e a r ,  and the H i l l  c o e ff ic ie n t  was 0 .93 . These values do not 

d i f f e r  s ig n if ic a n t ly  from the Kd(0.25 nM), Bm(75 fmol/mg p ro te in ) ,  

l in e a r  Scatchard , and unity  H i l l  c o e ff ic ie n t  obtained with 4 nM 

d-butaclamol(see r e s u l ts ) .  Second, a saturation experiment was 

performed using various d-butaclamol concentrations as masking 

ligand to define sp ec if ic  binding. The concentrations were chosen 

to  provide a f ixed  percentage of receptor s ites  occupied(72 %) 

at various (3H)DHE concentrations. A l in e a r  Scatchard p lo t and 

unity H i l l  c o e ff ic ie n t  were observed. The Kd(0.4 nM) and Bm(80 

fmol/mg protein) values again did not vary s ig n if ic a n t ly  from 

results  obtained with 4 nM d-butaclamol. Thirdly,we have reanalysed 

the saturation experiments done with 4 nM d-butaclamol by e lim inating  

points with high (3H)DHE concentrations, as these points were 

supposed to contain greater errors . We found that the Kd and Bm 

were v i r tu a l ly  unchanged. Thus, although 4 nM d-butaclamol may 

have underestimated the number of binding s i te s ,  experimentally  

these errors do not seem to a f fe c t  grea tly  the calculated values 

of Kd and the Bmax of (3H)DHE, and the apparent homogeneity of 

the binding s ite s .

In competition experiments i t  can be shown that in the



presence of the com petitor,the spec if ic  binding, defined as the

d iffe rence  between binding in absence and presence o f 4 nM d-

butaclamol, is  :

to ta l  binding -  non-specific binding =

1 -  1 
Kd A Kd A B

1 + D ( 1 + Ka ) 1 + D ( 1 + Ka + Kb ) , (2)

Where D and Kd are the concentration and d issociation constant 

of (3H)DHE, A and Ka are the concentration and d issociation  

constant of the competitor, and B and Kb are the concentration  

and d issociation constant of d-butaclamol. The amount of 

sp e c if ic  binding fo r  (3H) DHE in the absence of competitor is  

Total binding -  Non-specific binding

1 -  1
= KcT  Kd B

1 + D 1 + D ( 1 + T F  ) . (3)

The amount bound by the competitor is therefore  ( 3 ) - ( 2 )

Kd Kd B Kd A + Kd A B
+ D 1 + D (1 + Kb) 1 + D (1+ Ka ) 1+ D (1+ Ka + 1<E)

When D=Kd, B»>Kb, the amount bound by the competitor when A=Ka

is  :

1 1 _  1   1

1 + 1 1+1 (1+00) 1 + 1 (1+ 1) 1 + 1 ( l + l+ o o )

(equa.4)

= 1/2 -  1/3 = 1/6 =0.167 . When D=Kd,

B»>Kb, the amount bound by the competitor when A=100 Ka is
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1 1 _  1 1___________
JL  +

1+ 1 1 +1 ( 1+0 0 ) 1+1(1+100) 1+1(1+100+qo) (eq.4)

= 1/2 -  1/102 = 0.49 .

In  our experiments when D=Kd, B=4, Kb=0.78, the amount bound by

the competitor when A=Ka is

1 1  _   1 1___________
4 + 4

1 + 1  1+ ( 1 + 0 .78) 1 + 1 (1 + 1 ) 1+1 ( 1 +1 + 0775)

= 1/2 -  1 /7 .13  -  1/3 + 1 /8 .13  = 0.147 . When D=Kd, B=4,

Kb=0.78, the amount bound by the competitor when A=100Ka is

1 _  _ 1 _1 1________________________
4 + . 4

1 + 1  1+(1+0.78) 1 +1 ( 1+1 0 0 ) 1+1 ( 1+1 0 0 + '0778)

= 1/2 -  1 /7 .13  -  1/102 + 1/107.13 = 0.3592 . The magnitude

of e rro r  when A=Ka is therefore  (0 .1 4 7 -0 .1 6 7 ) /  0.167= -  0.12 =

12%. The magnitude of erro r  when A=100Ka is  (0 .3 5 9 2 -0 .4 9 ) /

0.49 = -0 .27  = 27% . Thus the magnitude of e rro r  introduced

is  12 to  27 % when the range o f the concentration of the

competitor increases from 1 Ka to 100 Ka. This amount of e rro r

is  not s u f f ic ie n t  to in va lid a te  the measurement of Ki fo r  various

competitors when sp ec if ic  (3H)DHE binding is defined with 4 nM

d-butaclamol as masking drug.



Results Of (3H)DHE Study

Our resu lts  showed th a t  the spec if ic  binding of (3H) DHE to  

membrane preparations from bovine stria tum , defined as the d ifference  

between binding in the absence and presence of 4 nM d-butaclamol, 

is  apparently homogeneous, re v e rs ib le ,  s tereospecific  and heat 

s e n s it ive .  In saturation  experiments, spec if ic  binding reached 

a plateau at approximately 0 .5  nM (3H)DHE (Fig 7) a f te r  a 100 

min incubation period at 23°C. The to ta l  receptor density (Bmax) 

and d issociation  constant (Kd), determined by the hyperbolic  

f i t ,  using the PROPHET computer based on the Michaelis-Menten equation, 

were 0.075 +_ 0.006 pmol/mg protein and 0.244 +_ 0.06 nM, respective ly ,  

fo r  an average of 5 determinations. In each determination the  

Scatchard p lot was l in e a r (R > 0 .9 1 ) (F ig .8) and the H i l l  analysis did  

not show any ind ication  o f m u ltip le  binding s ites  or cooperativ ity  

( H i l l  co e ff ic ien t=  0.98 +_ 0 .0 4 ) .  Thus, despite i t s  high a f f i n i t y  

fo r  various receptor types, (3H)DHE binding s ites  defined with a 

low d-butaclamol concentration appeared to  be homogeneous. I t  

should be noted th a t  the non-specific binding, or binding in  

the presence of 4 nM d-butaclamol, was non-linear in 4 out of 5 

cases. At 0.24 nM, the concentration used in the competition  

experiments, sp e c if ic  binding was 45-55% of the to ta l  binding.

The k in e t ics  of (3H)DHE binding was carr ied  out at a 

radioligand concentration o f 0.16 nM at 23°C. In the association  

experiment, there was no sp ec if ic  binding in the f i r s t  15 min, 

but a f te r  100 min spec if ic  binding had reached a plateau. The 

level o f sp e c if ic  binding at 80 min was 85% of the binding at



100 min. As most of the concentrations employed in the saturation

experiments were close to or above 0.16 nM, i t  was assumed

th a t the system was at equ ilibrium  a f te r  a 1 0 0  min incubation

period. The displacement of (3H)DHE binding was carr ied  out

a f te r  the association experiment by the addition of 4 nM d-butaclamol.

Bound (3H)DHE was slowly displaced by 4 nM d-butaclamol. A

15% reduction of sp ec if ic  binding was observed a f te r  5 hours.

However, (3H)DHE binding is  c le a r ly  re v e rs ib le ,  as 1 uM d-butaclamol 

displaced h a l f  of the bound (3H)DHE in one hour at 30°C.

S im ila r  slow reversal of binding has been observed fo r  other 

ligands such as LSD and QNB (Maayani, in preparation; Gal per et a l ;  

1977; Ben-Bark et a l ;1979) and problems with (3H)DHE k in e t ic s  have 

also been reported (Greenberg and Snyder, 1978) .

Specific  binding o f (3H)DHE is  heat sensitive  and l in e a r ly  

dependent on protein concentration. Heating the f in a l  homogenate 

in  b o iling  water fo r  5 min eliminated spec if ic  binding. There 

was a l in e a r  re la t io n s h ip  between protein concentration and 

sp e c if ic  binding up to 1.2 mg of protein per tube. In routine  

experiments, the amount o f protein used was 0.7  mg/test tube.

There was no sp ec if ic  binding to  f i l t e r s  in the absence of 

t is s u e .  The amount o f binding to  the f i l t e r  was 5% o f (3H)DHE 

added and i t  was not displaceable by d-butaclamol. Specific  

binding was stable during the experiment.

S te reo s p ec if ic ity  o f (3H)DHE binding was observed in the 

competition experiments (Fig 9 ):  d-Butaclamol, the c l in ic a l ly

active  isomer, was 500 times more potent in competing fo r



(3H)DHE s ites  than the c l in ic a l l y  inactive  1-isomer, c is -  

F1upenthixol, the c l in ic a l l y  active  thioxanthene, was also more 

potent than the trans-isom er, but the d ifference in potency was 

only 8 - fo ld (T ab le  5 ) .

The regional d is tr ib u t io n  of high a f f i n i t y  (3H)DHE s ites  

was studied using various ligand concentrations. Specific  

binding in the s tria tum , including part of nucleus accumbens, 

was 75 frnole/mg pro te in . This was 3 times th a t  of tuberculum 

olfactorium  (23 fmole/mg protein) and 5 times tha t of substantia  

nigra and fro n ta l cortex (14 fmole/mg p ro te in ) .  Compared to  

stria tum , only n eg lig ib le  spec if ic  binding was detected in 

medulla (3%), o cc ip ita l  cortex (3%), hippocampus (3%), hypothalamus 

( 6 %) and cerebellum (<1%).

The competition fo r  (3H)DHE binding s ites  at 0.24 nM (3H)DHE 

was studied with the agonists DA, apomorphine, 5-HT,and (-)NE(F ig  

10 ),  and various classes of DA antagonists (Fig 11 and Table 5 ) .

In general, DA antagonists competed e f fe c t iv e ly  fo r  (3H)DHE s ites  

and agonists competed poorly. As shown in Table 5, the IC5 0 1s 

of agonists were in the uM range, while the IC5 0 ' s f ° r  the m ajority  

of DA antagonists were in the nM range. Among the agonists, the 

order of potency was compatible with DAergic s ites  as apomorphine 

( IC 5Q= 1 0 0  nM) was 50 times more active  than DA, which in turn was 

8  times more potent than (-)NE and 5-HT.

The antipsychotic agents were active  in the DHE binding assay, 

and fo r  the most p a r t ,  the potency of drugs w ith in  a given class  

agreed well with t h e i r  properties in vivo (Table 5 ) .  For example,



the butyrophenone,spiroperidol(IC50= 0.22 nM),was 20 times more 

active  than ha loperido l(4 .5  nM); the phenothiazine,fluphenazine(2.6  

nM),was two fo ld  more potent than th ie th y lp e ra z in e (5 .9  nM) and 

4 times as potent than chlorpromazine(10 nM) ; the dibenzoheteroepine, 

loxapine(15 nM),was 20 times more potent than perlapine(320 nM) 

or clozapine(320 nM). The most in te res ting  find ing was th a t  the 

benzamides were active  in competing fo r  s ites  labe lled  by (3H)DHE.

The IC50' s of metoclopramide, s u lp ir id e ,  and sultopride were close 

to 100 nM. The ergot derivatives  DHE, le r g o t r i le  and methysergide 

competed well with (3H)DHE fo r  binding s i te s .  The in h ib it io n  

constant of DHE (Ki=0.44 nM), calculated from the Dixon p lo t (Fig  

12),  agreed well with the Kd of (3H)DHE (0.24 nM) obtained in saturation  

experiments.

Phentolamine, a strong alpha -noradrenergic blocker, was weak 

in the (3H)DHE binding assay, with an IC5 0  in the range.

This indicates th a t  (3H)DHE s ites  defined with 4 nM d-butaclamol 

are not s ig n i f ic a n t ly  contaminated with alpha -noradrenergic  

s ite s .  The benzamide anti arrhythmic agent, procainamide, was 

inactive  against (3H) DHE s i te s .  At uM concentrations, i t  displaced  

only 20% of the s p e c if ic a l ly  bound ligand . I t  is  in te re s t in g  to  

note th a t  U-25,927, a c l in ic a l l y  inactive  butyrophenone which does 

not increase DA turnover in vivo (Stanley and W ilk, 1977 ) ,  was 

f a i r l y  ac tive  in competing with (3H)DHE fo r  binding s i te s .

Although i t  is  much weaker than spiroperidol or ha loperido l, i t
* 'S  _ _ _ _

is  s t i l l  stronger than clozapine, a drug with proven antipsychotic
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e f f ic a c y .  Domperidone, a butyrophenone d e r iv a t iv e  with anti-em etic  

properties but which does not cross the blood-brain b a r r ie r  was 

also very active  in the present assay.

In Table 6 , the IC5 Q1s and H i l l  co e ff ic ie n ts  o f various neuroleptic  

agents in the (3H)DHE assay were compared with resu lts  which we 

previously obtained in the (3H)Spiro binding assay, using 1 uM 

d-butaclamol as the masking ligand (Lin et a l . ,  1980 ) .  These 

two systems seem to d i f f e r  in the follow ing respects: (1 ) Except 

fo r  su lp ir id e  and metoclopramide, the IC5 0 ' s fo r  drugs in the 

(3H)DHE assay were about one order of magnitude lower than in the  

(3H)Spiro assay. (2) The a f f i n i t y  of su lp ir id e  and metoclopramide 

fo r  (3H)DHE s ites  was about two orders of magnitude higher than 

fo r  (3H)Spiro s i te s .  (3) Judged by the H i l l  c o e f f ic ie n ts ,  an 

apparent competitive in h ib it io n  was generally  observed fo r  

antipsychotic drugs competing fo r  DHE s i te s ,  in contrast to  

several drugs with low H i l l  c o e ff ic ien ts  competing fo r  (3H)Spiro 

s ite s .

In Table 7, the e f fe c ts  of various neuroleptics in competing 

fo r  (3H)DHE s i te s ,  (3H)Spiro s ites  and on DOPAC elevation  in ra t  

are compared and corre la ted  to the average c l in ic a l  dose of these 

compounds. There is  a s ig n if ic a n t  co rre la t io n  between the IC5 0 1s 

fo r  (3H)DHE s ites  and c l in ic a l  dose (R=0.86, P<0.002 ) .  A s im ila r  

co rre la t io n  ex is ts  between the EDso's fo r  DOPAC e levation  in ra t  

striatum  and c l in ic a l  dose (R=0.86, P<0.005). In comparison, a 

somewhat lower co rre la t io n  was found between IC5 0 1s fo r  (3H)Spiro  

s ites  and c l in ic a l  dose (R=0.76, P<0.015 ).



Discussion

The c h a ra c te r is t ics  of a population of binding s ites  are deter­

mined by the s e le c t iv i t y  and concentration range o f both the rad io­

ligand and masking drug u t i l i z e d .  (3H)DHE, the radioligand used 

in th is  study,was reported to in te ra c t  with DA, alpha-noradrenergic, 

and 5-HT s ites (T ab le  4 ) .  S im ila r ly ,  d-butaclamol, the masking 

drug selected fo r  th is  study, also in te rac ts  with these s ites(Tab le  

4 ) .  To enhance the s p e c if ic i ty  of binding to DAergic s ites  from 

the m u lt ip le  binding s ite s  labe lled  by (3H)DHE, i t  was necessary 

to se lect a concentration of d-butaclamol which would p re fe re n t ia l ly  

mask these s i te s .  A concentration of 4 nM d-butaclamol was selected  

fo r  the present study because i t  se le c t iv e ly  in te rac ts  with DA 

s ites (T ab le  4) and i t  provides a measurable "net" binding, i . e . ,  

a s u f f ic ie n t  d ifference between binding in i t s  presence and i ts  

absence. As shown in the Specific  Methods section, although th is  

use of a low concentration of masking drug seems to underestimate 

the number o f binding s i te s ,  the results  obtained do not d i f f e r  

when the d-butaclamol concentration is  varied from 4-20 nM.

We have demonstrated th a t  spec if ic  (3H)DHE binding s i te s ,  

defined as the d iffe rence  between binding in the absence and 

presence of 4 nM d-butaclamol, are saturable and s tereospec ific ,  

and th a t  ligand binding is  slowly revers ib le  and heat sen s it ive .

The a f f i n i t y  of apomorphine exceeds th a t  of DA and both have 

a greater a f f i n i t y  than (-)NE and 5-HT(Table 5) . The regional 

d is t r ib u t io n  of 4 nM d-butaclamol sensit ive  (3H)DHE binding



sites  p a ra l le ls  the d is t r ib u t io n  of DA in b ra in , and the a f f i n i t y  

of a va r ie ty  of DA antagonists, i . e . ,  antipsychotic agents, fo r  

these s ites  agrees well with t h e i r  pharmacological and c l in ic a l  

potencies(Table 7 ) .  These s ites  appear to be re la ted  to the DA D2 

(cyclase independent) receptors, since the benzamide derivatives  

which are DA antagonists in v ivo, but do not antagonize the stim ulation  

of adenylate cyclase by DA, are e f fe c t iv e  in competing fo r  (3H)

DHE binding.

The non-specific  binding of (3H)DHE, or binding in the presence 

of 4 nM d-butaclamol, was consis tently  nonlinear in our studies(Fig  

7 ) .  This could be due to  (3H) DHE binding to other saturable s i te s .  

Since (3H) DHE binding reverses slowly and since a lag occurs in  

the association experiment , we were unable to determine the Kd 

of (3H)DHE from k in e t ic  experiments. Further studies are required  

to  resolve these com plexities.

The antagonism of (3H)DHE binding by the benzamide derivatives  

is  of p a r t ic u la r  in te re s t .  Previously, the benzamide derivatives  

metoclopramide and s u lp ir id e  were shown to  be inactive  in  

antagonizing DA stimulated adenylate cyclase (Roufogalis et a l ; 1976; 

Peringer et a l , 1976) and very weak in antagonizing (3H)Spiro  

binding (Howard et a l . ,  1978; Lin et a l ; 1980; Creese et a l . ,  1979c).

As these systems are believed to represent DA receptors, the in a c t iv i t y  

of these drugs was in contrast to t h e i r  known a n t i -  DA properties  

in vivo. For example, metoclopramide, recently  shown to  be an 

e f fe c t iv e  antipsychotic ( Stanley et a l . ,  1979 ) ,  increases DA 

turnover (Peringer et a l . ,  1976; E l l i o t t  et a l . ,  1977; Stanley and



W ilk, 1979) stimulates p ro lac tin  release(Yamauchi e t a l . ,  1977; 

M eltzer et a l . ,  1979), reverses apomorphine induced stereotypy  

Niemegeers and Janssen, 1979; Jenner et a l . ,  1978a,b) and also  

antagonizes the in h ib ito ry  e ffec ts  of DA on vasculature (Day and 

Blower, 1975; Kohli e t a l . ,  1978). The. antagonism of (3H)DHE 

sites  by these benzamides has therefore  reinforced t h e i r  a n t i -  

DA properties . I t  should be noted th a t  with respect to  i t s  c l in ic a l  

dose or i t s  a b i l i t y  to elevate s t r ia ta l  DOPAC,metoclopramide 

is  20 times less potent than haloperidol, but in the (3H)Spiro  

assay, metoclopramide is 150 times weaker than ha loperidol.

By comparison, metoclopramide is  only 15 times weaker than 

haloperidol in the (3H)DHE binding assay, in agreement with  

the studies in vivo (Table 7 ) .  Therefore, (3H) DHE s ites  appear 

to  be a good marker in v i t r o  fo r  the antiDAergic properties of  

the benzamide antipsychotics. Recently, Creese et a l . , (1 9 7 9 c )  

reported th a t  substituted benzamides are more potent in s t r ia t a l  

membranes from ra t  and human than from c a l f  in competing fo r  

(3H)Spiro s i te s .  I t  is  possible tha t these agents may be even 

more potent in competing fo r  (3H) DHE s ites  in r a t .

In contrast to c lass ica l neuroleptics such as haloperidol 

and chlorpromazine, the benzamide derivatives  are r e la t iv e ly  

se lec tive  DA antagonists. For example, s u lp ir id e  is  a weak alpha- 

NE and 5-HT antagonist on rabb it a o r t ic  s tr ip s  (Kohli and Cripe,

1979 ) ,  competes poorly against cholinergic muscarinic s ites  

labe lled  by (3H)propyl benzyl choline and (3H)QNB (F ja llan d  et a l . ,  

1977; Spano et a l . ,  1978), and is a weak in h ib i to r  of (3H)GABA s ite s  

(Spano et a l . ,  1978). Metoclopramide and su lp ir id e  are weak



in  competing fo r  5-HT s ite s  lab e lled  by 3H-Spiro in ra t  f ro n ta l  

cortex (Leysen et a l . ,  1978a,b). Further, metoclopramide is  

inactive  in antagonizing the stim ulation of adenylate cyclase 

by NE (Robinson et a l . ,  1979 ) .  In studies on the antagonism of 

the e f fe c t  o f DA on renal vasculature, both su lp ir id e  and metoclo­

pramide were shown to be the most spec if ic  of the various DA antagonists 

evaluated(Kohli e t a l . ,  1978).

The se lec t ive  e f fe c t  on DA receptors by these benzamides 

may explain t h e i r  weak in te ra c tio n  with (3H)Spiro binding s i te s .  

Previously, we have studied binding s ites  labe lled  with (3H)Spiro  

as defined by 1 uM d-butaclamol. As spiroperidol possesses a 

high a f f i n i t y  fo r  DA, 5-HT and alpha-NE s ites  (Table 4 ) ,  the use 

of 1 uM d-butaclamol, an agent also with high a f f i n i t y  fo r  

those s ites  (Table 4 ) ,  as a masking drug, would be expected to  

resu lt  in a mixed population of binding s ites  defined as "sp ec if ic " .

We and others have found th a t  (3H)Spiro s ites  are heterogeneous 

when 1 uM d-butaclamol is  used to  define spec if ic  binding (Lin et a l ; 

1980; B r i le y  and Langer, 1978; Pedigo et a l . ,  1978 ) . In such a 

system, a r e la t iv e ly  non-selective drug may be expected to  compete 

w e ll ,  while a more se lec t ive  drug would appear weaker. Our results  

are consistent with th is  proposition. In the present study we 

have found d ifferences in  the IC50's of antipsychotic drugs in  

the (3H)Spiro and (3H) DHE systems. Compared with the (3H)Spiro 

system, the potency o f a l l  neuroleptics has increased. This increase 

is  approximately 10 fo ld  fo r  butyrophenones and phenothiazines, 5 

fo ld  fo r  dibenzoheteroepines, whereas the increase fo r  the more



se lec t ive  substituted benzamides is  200 fo ld (Tab le  6 ) .  In add ition ,  

judged by the H i l l  ana lys is , an apparent competitive in h ib it io n  

was observed in general fo r  antipsychotic drugs competing fo r  

DHE s i te s ,  whereas in the Spiro system, many drugs have H i l l  

c o e ff ic ie n ts  less than one, an ind ication  of m ultip le  binding 

s ite s .  In p a r t ,  the increase of potency in the DHE assay can be 

a t tr ib u te d  to the use o f a lower concentration of DHE(0.25 nM) 

compared to a concentration of 1 -1 .5  nM in the Spiro assay.

The success in demonstrating an apparently homogeneous 

receptor population using a low d-butaclamol concentration and 

(3H)DHE, a non-selective rad io ligand, o ffe rs  an a l te rn a t iv e  

method to define a subpopulation of binding s i te s .  Previously,

DA receptor binding using (3H)DHE has been studied by T i t t l e r  

et a l (1977 ) by using phentolamine to mask alpha -NE s i te s .

However, biphasic in h ib it io n  curves were found fo r  DA and (-)NE 

and the potency of DA was only two times tha t of (-)NE fo r  the 

high a f f i n i t y  component o f  (3H)DHE s i te s .  In contrast, we found 

monophasic in h ib it io n  curves fo r  DA and (-)NE with low H i l l  

c o e ff ic ie n ts .  Moreover, DA was 8  times more potent than (-)NE.

In sp ite  of the high co rre la t io n  between binding and pharmacological 

a c t iv i t i e s  fo r  various neuroleptics (Table 7 ) ,  the (3H)DHE binding 

assay does not r e f le c t  the anti-DA properties in vivo o f several 

agents. For example, trans -flupen th ixo l has no c l in ic a l  e ff icacy  

(Crow et a l . ,  1978 ) ,  but is  quite ac tive  in the (3H)DHE assay 

(IC50=45 nM). U-25,927, a c l in ic a l l y  inactive  butyrophenone 

(O 'M ea ll ie  et a l . ,  1969 ) ,  has an IC50 s im ila r  to  the c l in ic a l ly



active  drug, clozapine. These discrepancies between in vivo and 

in  v i t r o  properties o f antipsychotic drugs have been observed in  

the (3H)SPIR0 assay. Therefore, although the DHE binding assay 

can b e tte r  account fo r  the anti-DA properties o f substituted benzamides 

than can the (3H)Spiro system, i t  is  not possible to predict the 

antiDA properties of a drug based on the DHE assay alone. In th is  

respect, i t  is  best to  combine a system using an e f fe c t  in vivo  

such as e levation of s t r ia t a l  DOPAC leve ls (S tan ley  and W ilk, 1977) 

with a binding assay to  reach a more va l id  conclusion concerning 

the anti-DA properties o f a proposed neuroleptic agent. A s im ila r  

conclusion was reached by Koe(1979 ) in his studies on molindone.

In summary, th is  study demonstrated an apparent DA D2 receptor  

system using (3H)DHE and a low concentration of d-butaclamol.

These s ites  are antagonized e f fe c t iv e ly  by the benzamide antipsy-  

chotics in accordance with t h e i r  anti-DA potencies in v ivo , and 

represent an improvement over the system labe lled  by (3H)Spiro as 

defined with a high d-butaclamol concentration.



Fig 6 . In h ib it io n  o f (3H)DHE binding by d-butaclamol. T r ip l ic a te  

te s t  tubes containing tissue homogenate, (3H)DHE(0.23 nM) and 

increasing concentrations of d-butaclamol were incubated under 

dim l ig h t  at 23C fo r  100 min. The ra d io a c t iv i ty  in the absence 

of d-butaclamol(100%) was 3200 dpm. Each point on the f igu re  

was the average of three samples in one experiment. The standard 

deviation fo r  each point war. w ith in  the range o f the symbol.
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F ig . 7

Saturation of sp e c if ic  [3H]DHE binding s ites  in bovine caudate 

membranes. T r ip l ic a te  tubes containing tissue homogenate (0.7  

mg pro te in /  assay) and the indicated amount of [3H]DHE were incubated 

in 1 ml of incubation medium at 23°C fo r  100 min. Total binding 

( $ )  and non-specific  binding ( A )  were defined as binding in the 

absence and the presence of 4 nM d-butaclamol, respective ly;  

the d iffe rence  between the two is  defined as spec if ic  binding 

(A -)*  Total receptor density (Bmax) and d issociation constant 

(Kd) were 0.075 pmole/mg and 0.25 nM, respective ly . V e rt ica l  

bars represent standard dev ia t ion .
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Fig . 8

A Scatchard p lot of the spec if ic  binding in F ig . 7.
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Fig . 9

E ffec t  of some isomers of neuroleptic agents on [3H]DHE s i te s .  

d-Butaclamol and other drugs were dissolved in a minimal amount 

of g lac ia l acetic  acid and d ilu ted  with 0.1% ascorbic acid. Specific  

binding of [3H] DHE at 0.25 nM (Kd) represents 45-55% of the 

to ta l  binding. Incubation conditions are the same as indicated  

in Fig . 7. d-Butaclamol (0 ) ;  c is -f lu p en th ixo l ( . £ ) ;  trans -  

f lupenth ixo l ( A ) ;  1-butaclamol ( * ) .
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F ig . 10.

E ffec t  of various agonists on [3H]DHE s i te s .  Conditions as 

indicated in F ig . 7. Apomorphine ( •  );  dopamine ( O ) ;  (-)norepinephrine  

( * ) ; 5 - H T ( C T ) .
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F ig . 11

Effects  of DHE, neuroleptics and phentolarnine on [3]DHE s i te s .  

Conditions as indicated in Fig. 7. D H E(C); haloperidol ( 0  );  

chlorpromazine(/j );  metoclopramide( W );  s u lp i r id e ( - - phentolarnine

U ) .
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F ig . 12

A Dixon p lo t o f unlabelled DHE competing fo r  [3H]DHE s ites  

in bovine caudate membranes. Conditions as indicated in F ig . 7.

The Ki fo r  the unlabelled ligand was calculated from Ki = Kd/((Bmax) 

(D *))  x l / ( s lo p e ) ,  where Ki is  the in h ib it io n  constant of the unlabelled  

l igand, Kd and (Bmax) are the d issociation  constant and the to ta l  

receptor density determined from the saturation experiment (F ig .

6 ) .  (D*) is  the concentration of [3H]DHE used. V e rt ic a l  bars

represent standard dev ia tion .
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Table 4: A f f in i t y  of S p iroperido l, d-Butaclamol, and DHE fo r
various Binding s ites

Compound Radioligand Putative Receptor Ki(nM)

Spiroperidol Haloperidol DA 0.
WB-4101 alpha-NE 18
LSD 5-HT 6 .

d-Butaclamol Haloperidol DA 0.
WB-4101 alpha-NE 24
LSD 5-HT 42

DHE DHE DA 0.
DHE alpha-NE 1.
LSD 5-HT 7.

a Burt e t a l . ,  1976. 

b Peroutka et a l . ,  1977. 

c Leysen et al . ,  1978a. 

d T i t t l e r  e t a l . ,  1977. 

e Hoick et a l . ,  1979. 

f  Greenberg and Snyder, 1977.



Table 5: Competition fo r  [3H]DHE s ite s  by drugs

Ki^L(nM)+ SE(n) IC50.t(nM) +SE(n) H i l l  C o e ff ic ie n t ly  SE(n)

A. Agonists

Apomorphine 62 (2 ) 98 (2 ) 0.87 ( 1 )
DA 6200 + 1520 (3) 0.58 + 0.07 (3)
(-)NE 47700 (2 ) 0.64 (2 )
5-HT 43220 ( 1 ) 0.63 ( 1 )

B. Antipsychotic Agents

Spiroperidol 0 . 1 (2 ) 0 . 2 2 (2 ) 0.94 (2 )
Domperidone 0.5 + 0.12 (3) 1.68 + 0.75 (3) 0.9 ( 2 )
Haloperidol 4 .5  + 1.02 (3) 0.76 (2 )
Fluphenazine 0.49 + 0.18 (3) 2.59 + 1.77 (3) 0.94 ( 2 )
Thiethylperane 2.97 + 0.67 (3) 5.93 + 2.15 (3) 1.07 <2 )
Chlorpromazine 3.3 + 0.47 (3) 9.96 + 1.76 (3) 1.08 + 0.09 (3)
Cis-Flupenthixol 2.43 + 1.4 (3) 5.87 + 2.47 (3) 0.85 (2 )
Trans-Flupenthixol 30 + 6 . 8 (3) 43 ( 2 ) 0.87 ( 2 )
d-Butaclamol 0.78 (2 ) 1.26 (2 ) 0.93 (2 )
1-Butaclamol 463 ( 2 ) 547 ( 2 ) 0.82 ( 2 )
Loxapine 5.91 + 0.67 (3) 15 + 1.75 (3) 0.97 + 0.13 (3)
Clozapine 125 (2 ) 317 ( 2 ) 1 . ( 1 )
Perlapine 306 + 36 (3) 321 (2 ) 0.92 (2 )
Metoclopramide 44 + 13 (5) 70 + 28 (5) 0.90 + 0.08 (5)
Sultopride 50 + 12 (5) 91 + 28 (5) 0.95 + 0.08 (4)
Su lp ir ide 99 + 31 (3) 143 + 48 (3) 0.81 + 0.05 (3)
T iapride 2908 (2 ) 0 . 6 8 (2 )

Ergots

DHE 0.44 + 0.22 (3) 0.66 + 0.13 (3) 1.03 + 0.01 (3)
L e rg o tr i le 81 (2 ) 0.62 (2 )
Methysergide 231 ( 1 ) 1.72 ( 1 )

Others

Phentolarnine 4000 + 1300 (3) 0.75 (2 )
U-25,927 324 ( 2 ) 1 . 2 2 (2 )
Procainamide 2 0 , 0 0 0 ( 1 )

*  K i 's  fo r  drugs with u n it  H i l l  co e ff ic ie n ts  were calculated from the Dixon 
p lo t .  The amount of (3H)DHE used was 0.25 nM.

+ IC50' s and H i l l  c o e ff ic ie n ts  were obtained from the H i l l  p lo t .
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Table 6 : IC5 Q1s and H i l l  co e ff ic ie n ts  o f neuroleptic agents in the
(3H) DHE and (3H) Spiroperidol binding assays

________[%1_DHE______________  (3h) Spiro*__________ IC5 Q{Spiro)

H i l l  c o e ff ic ie n t  IC5 Q H i l l  c o e ff ic ie n t  IC5 0  (DHE)
(nM)

Spiroperidol 0 . 2 2 0.94 3.81 1 . 0 1 17
Haloperidol 4.5 0.76 104 0.83 23
Fluphenazine 2.59 0.94 26 1 . 0 10
Thiethylperazine 5.93 1.07 73 0.98 12
Chlorpromazine 1 0 . 1.08 151 0.92 15
d-Butaclamol 1.26 0.93 4.16 0.74 3
1-Butaclamol 547 0.82 5290 1.56 10
Loxapine 15 0.97 83 0.72 5.5
Perlapine 321 0.92 3990 0.51 1 2
Clozapine 317 1 1420 0.64 4.5
Metoclopramide 70 0.94 16900 0.83 241
S u lp ir ide 143 0.95 29000 0.87 201
U-25,927 324 1 . 2 2 1429 0.72 44

Drug IC5 0
(nM)

*  Values taken from Table 3. The amount o f  (3H)Spiro was 1 -1 .5  nM; the Kd 
of (3H)SPIR0 was 0.69 nM.



Table 7: Comparison of e f fe c ts  of some neuroleptics on [ 3 H] DHE 
and [ 3 H] Spiro s ites,and on DOPAC elevation  in the r a t ,  
and to average c l in ic a l  dose*

Drug
[ 3 H] DHE

IC5 0 *
[ 3 H] Spiro

IC5 0

S t r ia ta l  DOPAC 
Elevation

ed50

Average
C lin ica l
Dose

nM nM um/Kg um/Kg

Spiroperidol 0 . 2 2 3.81 0.4 0.06
d-Butaclamol 1.26 4.16 0.34 2.14
Fluphenazine 2.59 26 0.17 0.17
Haloperidol 4.5 104 0.43 0.51
Thiethylperazine 5.93 73 1.58 6.4
Loxapine 15 83 n.d. 3
Chlorpromazine 10 151 8.4 12
Clozapine 317 1420 61 24.5
Perlapine 321 3990 11 ?
Metoclopramide 70 16900 8.9 12
Su lp ir ide 143 290000 176 40
U-25,927 324 1429 inactive inactive

Correlation between ICcq fo r  [ 3 H] DHE s ites  and c l in ic a l  dose (R =
0 .8 6 ,  P< 0 .002 );  co rre la t io n  between ICgg's fo r  [  H] SPIRO s ites
and c l in ic a l  dose (R = 0 .7 6 ,  P < 0 .015 ) .  Correlation between IC5 Q 
fo r  (3H) DHE s ites  and ED5 0  f ° r  DOPAC elevation (R = 0 .86 , P < 0 .0 0 1 5 ) ;  
co rre la t io n  between ICso's fo r  (3H) Spiro s ites  and EDsq's fo r  
DOPAC elevation  (R = 0 .85 ,  P < 0 .0 0 2 ) .

*  ICgn was calculated from the H i l l  p lo t ;  (n) is  the number of  
analyses. IC5 0 ' s fo r  (3H)Spiro s ites  were calculated from the  
H i l l  p lo t .  ED5 0  values represent the dose of drug producing a half-maximal 
increase in DOPAC leve ls  in ra t  striatum measured at the time of peak response,
n.d. = not determined .

( 3 H) Spiro was 1 -1 .5  nM; The of ( 3 H) Spiro was 0.69 nM.



Results of the (3H)Spiro / 4 nM d-Butaclamol Study

The spec if ic  binding of (3H)Spiro to membrane preparations  

from c a l f  s tr ia tum , defined as the d ifference between binding in  

the absence and presence o f 4 nM d-butaclamol, is  apparently  

homogeneous, re v e rs ib le ,  s tereospec ific ,  and heat sen s it ive . In 

saturation experiments, spec if ic  binding reached a plateau at  

approximately 0 .4  nM (3H)Spiro (Fig 13) a f te r  a 30 min incubation  

period at 37°C. The to ta l  receptor density (Bmax) and dissociation  

constant (Kd), determined by the hyperbolic f i t ,  using the PROPHET 

computer based on the Michaelis-Menten equation , were 78 _+ 3 

fmole/mg protein and 0.08 +_ 0.008 nM, respective ly , fo r  an average 

of 4 determinations. In each determination the Scatchard p lot was 

l in e a r  (F ig 14a) and the H i l l  analysis did not show any ind ication  

of m u ltip le  binding s ite s  or c o o p e ra t iv i ty (H il l  co e ff ic ien t=  0.99 _+ 

0 .0 5 ( 3 ) ) .  Thus, in contrast to  the heterogeneous (3H)Spiro binding 

s ites  displaceable by 1 uM d-butaclamol(Fig 14b), s ites  labeled by 

(3H)Spiro using 4 nM d-butaclamol as the masking drug are apparently  

homogeneous. At 0.1 nM, the concentration used in the competition  

experiments, sp e c if ic  binding was 70-80% of the to ta l  binding.

The k in e t ics  of (3H)Spiro was studied with 0.076 nM (3H)Spiro  

at 37°C. As shown in Fig 15, spec if ic  binding o f (3H)Spiro to bovine 

striatum reached equ ilibrium  w ith in  20 min at 37°C. A p lot of 

L n (B ( t ) / (B (e q ) -B ( t ) )  vs. time y ie lded a Kobs of 0.1324 min_1(Fig  

16a) . In the same preparation , 4 nM d-butaclamol was introduced 

30 min a f te r  (3H)Spiro incubation. 4 nM d-butaclamol rap id ly  

reversed bound (3H)Spiro. 28 min a f te r  d-butaclamol add it ion ,  

sp e c if ic  binding of (3H)Spiro was v i r tu a l ly  t o t a l l y  reversed(Fig



15).  A p lot of L n (B (t))  vs. time (Fig 16b) y ie lded  k_i=
1

0.102 min- 1 . The association ra te ,  k^, ca lculated from kj = K0 bs -  

k_l /  (L*) = 4 x 108  M- 1  min- 1 . The d issoc iation  constant Kd, 

calculated from k_i /  k]̂  , was 0.26 nM, a value greater than 

the Kd(0.08 nM) from the saturation experiments.

In Table 8 , a comparison between (3H)Spiro binding in the pre­

sence of 4 nM and 1000 nM d-butaclamol as the masking drug is  

shown. I t  can be seen th a t  there are d ifferences in the Scatchard 

p lo t and the ra te  constants. In the presence of 4 nM d-butaclamol, 

(3H)Spiro binding was homogeneous, whereas in the 1 uM system, 

(3H)Spiro binding was heterogeneous. In the k in e t ic  experiments, 

the association ra te  (k^) and d issociation  r a te (k _ i )  constants 

of the 4 nM system are s l ig h t ly  greater than th a t  o f 1 uM system.

S pecific  binding of (3H)Spiro/4 nM d-butaclamol is  heat sensi­

t iv e  and l in e a r ly  dependent on protein concentration. Preheating  

of the membrane preparation in b o iling  water fo r  2 min e lim inated  

sp ec if ic  binding. There was a l in e a r  re la t io n sh ip  between protein  

concentration and sp ec if ic  binding up to  1 . 2  mg p ro te in /te s t  tube.

A protein concentration o f 0.7 mg/tube was ro u tin e ly  used.'

The competition fo r  (3H)Spiro binding at 0.1 nM (3H)Spiro was 

studied with the agonists DA, NE, and 5-HT, the ergot d e r iv a t iv e  

DHE, and various DA antagonists(Fig 17,18 and Table 9 ) .  Among the  

agonists(Fig 17 ) ,  the order of potency was compatible with DAergic 

s ites  as DA (IC50= 19 uM) was 10 times more ac t ive  than NE and 25 

times more active  than 5-HT. DHE had an IC50 close to  1 nM(Table 9 ) .



The antipsychotic agents were active  in the (3H)Spiro assay, and 

fo r  the most p a r t ,  the potency of drugs w ith in  a given class agreed 

well with t h e i r  anti-DA potencies in vivo. For example, the butyro- 

phenone sp iroperido l(IC 50=0 .27 nM) was 25 times more active  than 

haloperido l(6 .7  nM) which in turn was 60 times more active  than 

the c l in ic a l l y  in ac t ive  butyrophenone U-25,927. The phenothiazine  

fluphenazine (1 .4  nM) was 20 times more potent than chlorpromazine; 

the dibenzoheteroepine loxapine (33 nM) was 10 times more active  

than clozapine(295 nM). The benzamide der iva tives  were exceptionally  

weak in the (3H)Spiro assay. The IC50 of metoclopramide was 1500 

nM, and the IC50' s of su ltopride and su lp ir id e  were 1240 and 4480 

nM, respective ly(Tab le  9 ) .  S te reo s p ec if ic ity  o f (3H)Spiro binding 

was observed. d-Butaclamol (IC50=0.54 nM) was 1500 times more 

potent than the 1 -isomer.

In Table 10, the IC501s and H i l l  c o e ff ic ie n ts  of various neuro­

le p t ic  drugs in the (3H)Spiro binding assay sensit ive  to  4 nM 

d-butaclamol and (3H)Spiro binding assay sensit ive  to  1 uM d-butacla­

mol are compared. There is  a high co rre la t io n  between the IC50's  

fo r  4 nM d-butaclamol sens it ive  (3H)Spiro s ites  and 1 uM d-butaclamol 

sens it ive  (3H)Spiro s ites(R =0.98 , slope=0.92, Fig 19). Compared to  

potencies in the 1 uM d-butaclamol sen s it ive  system, the potencies 

of various drugs in the 4 nM d-butaclamol displaceable (3H)Spiro 

system have increased 1 0  fo ld .
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Discussion

The % receptor occupancy by 4 nM d-butaclamol in the presence 

of 0.1 nM (3H)Spiro, the concentration used in the competition  

experiments, is  given by :

B/Bmax = L /  (L+ Kd( 1+ D * /K *) )  (1)

= 4 / ( 4 +  0.12 (1 + 0 .1 /0 .0 8 ) )  = 94 %. In the saturation  

experiments, the highest concentration o f (3H)Spiro used was 2 nM, 

and under these conditions ,4 nM d-butaclamol could th e o re t ic a l ly  

occupy only 60% of the receptor s ites  (equa. 1 ) .  The use o f 4 nM 

d-butaclamol as the masking drug however does not underestimate 

the Bmax of the system nor does i t  y ie ld  an erroneous value fo r  

Kd. we have previously shown fo r  the (3H)DHE system th a t  when a 

saturation experiment was done by using 20 nM d-butaclamol as the 

masking drug, the Bmax and Kd were the same as when 4 nM d-butaclamol 

was used. In add it ion , the H i l l  c o e ff ic ie n t  and the Scatchard 

p lot showed s im ila r  properties as the 4 nM system. Reanalysis of  

the saturation data by e lim inating  points fo r  high (3H)Spiro concen­

t r a t io n ,  which contain most e rro rs ,  have also y ie lded the same 

Bmax and Kd . I t  appears th a t  the Kd and Bmax are insens it ive  to  

changes in the d-butaclamol concentration when i t  varies from 4 to  

20 nM.

S im ila r ly ,  in the competition experiments, i t  can be shown 

tha t the amount bound by the competitor is  :

1 1
1

Kd -  Kd B -  Kd A +
1 + D 1 + D (1 + Kb) 1 + D ( 1+ Ka )
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1____________________

Kd A B (2)
1 + D ( 1 + Ka + Kb)

where A is  the concentration of the competitor, B is  the concentra­

tion  of d-butaclamol, and D is  the concentration o f (3H)Spiro. Ka, 

Kb and Kd are th e i r  respective dissociation constants. I t  can be 

calculated th a t  the errors in the amount bound by the competitor 

from the use of 4 nM d-butaclamol instead of a high masking ligand  

concentration is  1% when A=Ka, and 3%  when A=100 Ka. These errors  

are too small to have a s ig n if ic a n t  e f fe c t  on the measurement of  

the Ka in the competition experiments.

In radioreceptor binding studies, the charac te r is t ics  of bin­

ding s ites  are heavily dependent on the s p e c if ic i ty  of the r a d io l i ­

gand and the displacing drug. In an ideal s itu a tion  when a r e l a t i ­

vely sp ec if ic  radioligand and a spec if ic  masking drug are used, 

the resu ltan t binding can be expected to be homogeneous. On the  

other hand, binding studies using antipsychotic drugs pose many 

problems since these drugs are always non-specific , and when a 

non-selective radioligand and a non-selective displacing drug are 

u t i l i z e d ,  the resu lt ing  binding s ites  can be expected to be hetero­

geneous. This seems to  be the case with (3H)Spiro and d-butaclamol. 

These drugs have high a f f i n i t y  toward DAergic, 5-HT, and NE s ites  

(Table 4 ) .  When (3H)Spiro is  used as the rad io ligand, i t  can 

label several types of receptor s i te s .  I f  a high concentration of 

d-butaclamol is  used to displace (3H)Spiro binding, i t  would d is ­

place more than ju s t  the DAergic component of (3H)Spiro s i te s .



The spec if ic  binding, taken as the d ifference of these two, can 

then be expected to be heterogeneous, as shown by us and others 

( Lin et a l . ,1 9 8 0 ;  B r i le y  and Langer, 1978; Howlett and Nahorski, 

1980; Andorn and Maguire, 1980 ) .  In an e f fo r t  to  enhance the 

s p e c if ic i ty  of the binding system, we have now used a r e la t iv e ly  

low concentration o f d-butaclamol(4 nM) as the masking drug.

This is  based on the assumption tha t th is  low concentration of 

d-butaclamol would displace predominnantly the DAergic component 

of (3H)Spiro binding.

As shown in Fig 14, the spec if ic  binding of (3H)Spiro to c a l f  

s t r ia t a l  membranes, defined as the d ifference between binding in 

the presence and the absence o f 4 nM d-butaclamol, is  apparently  

homogeneous over the range o f (3H)Spiro concentration used(10"^  

to  1 0 _ 9  m). In contrast , spec if ic  binding o f  (3H)Spiro, when 1 

uM d-butaclamol is  used as the displacing drug, is  heterogeneous 

over the same range of concentrations. The Bmax(80 fmole/mg protein)  

of the 4 nM d-butaclamol sensit ive  (3H)Spiro binding s ites  is  

about 35% of the Bmax of the 1 uM d-butaclamol sensitive  s ites(Tab le  

2 ) .  The Kd of the 4 nM d-butaclamol sensitive  (3H)Spiro s ites  is  

about the same as the high a f f i n i t y  component o f the 1 uM d-butacla­

mol sensitive  (3H)Spiro s i te s (  BHmax=50 , BL=155 fmole/ mg protein;  

KdH = 0 .12 ,  KdL= 1.3 nM). I t  may be speculated th a t  the 4 nM 

d-butaclamol sensit ive  (3H)Spiro s ites  represent predominantly the 

high a f f i n i t y  component o f the 1 uM sensitive  s i te s .

(3H)Spiro binding s ite s  sensit ive  to  4 nM d-butaclamol have 

properties s im ila r  to  those sensitive  to  1 uM d-butaclamol and 

s a t is fy  several c r i t e r i a  expected of DA receptors(Table 9 ) .  For



example, the potency of DA is greater than (-)NE and 5-HT; the 

c l in c ia l l y  active  d-butaclamol is more potent than the c l in ic a l l y  

inac t ive  (-) isom er; and these s ites  are potently antagonized by 

the antipsychotic drugs.

As shown in Table 10, there is  a high corre la t ion  between the  

IC50's of drugs fo r  the 4 nM d-butaclamol sensit ive  (3H)Spiro  

sites  and 1 uM d-butaclamol s ites(R =0.98 , slope=0.92, F ig .19 ) .

The unity slope suggests tha t these two binding s ites  are s im ila r .  

Compared to  the potencies in the 1 uM d-butaclamol sensit ive  (3H)-  

Spiro system, the potencies o f various drugs have increased 10 

fo ld  in the 4 nM d-butaclamol displaceable (3H)Spiro system. This 

may be re la ted  to the use of a higher (3H)Spiro co n cen tra tio n (l-1 .5  

nM) in the competition experiments fo r  the 1 uM d-butaclamol 

sensit ive  (3H)Spiro assay.

An examination of the H i l l  co e ff ic ie n ts  of neuroleptic drugs 

(Table 10) reveals tha t fo r  many neuroleptic drugs the non-unity  

H i l l  c o e ff ic ien ts  observed in the 1 uM system have changed to  

unity H i l l  c o e ff ic ien ts  in the 4 nM d-butaclamol system. These 

are U-25,927, loxapine, clozapine, and d-butaclamol. The non-compe­

t i t i v e  nature of these drugs in the 1 uM d-butaclamol sens it ive  

(3H)Spiro binding may be re la ted  to  the heterogeneous nature of  

th a t  system.

I t  should however be noted th a t  the potencies o f neuro leptic  

drugs in the present system do not necessarily r e f le c t  t h e i r  poten­

cies in vivo. For example, c lozapine, metoclopramide, s u lp ir id e  

and sultopride a l l  increase DA turnover, e levate p ro lac tin  leve ls  

and are c l in ic a l l y  e f fe c t iv e  antipsychotics. These drugs are a l l



weaker than the c l in ic a l l y  in ac t ive  1 -butaclamol in the binding 

assay. Clozapine also has s im ila r  a f f i n i t y  fo r  (3H)Spiro s ites  as 

the c l in ic a l l y  inactive  butyrophenone U-25,927, which does not 

increase DA turnover. These discrepancies between properties in 

vivo and binding of neuroleptic drugs have been observed in the 1 -  

uM d-butaclamol sensit ive  (3H)Spiro system(Lin et a l . ,  1980).

In summary, the homogeneity o f 4 nM d-butaclamol displaceable  

(3H)Spiro binding s ites  and the generally  competitive nature of neu­

ro le p t ic  drugs in competing against these s ites  indicates th a t  the  

use of a low concentration o f d isplacing drug has enhanced the  

s p e c if ic i ty  o f (3H)Spiro binding. Further studies on the neuroana- 

tomical locations and pharmacological s ignificance of these high 

a f f i n i t y  (3H)Spiro binding s ites  may give c leare r  meaning as to  

the nature of (3H)Spiro binding s ites  than previous studies done 

with a heterogeneous population of binding s i te s .
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Fig . 13 : Saturation of spec if ic  (3H)Spiro binding to c a l f

s t r ia t a l  membranes. Specific  binding is defined as the d ifference  

between binding in the absence and the presence of 4 nM d-butaclamol. 

Samples were incubated fo r  30 min at 37°C. A ll determinations were 

made in t r i p l i c a t e .  Total receptor density(Bmax) and d issociation  

constant(Kd) , ca lcu lated  from the hyperbolic f i t ,  were 78 fmole/mg 

protein and 0.1 nM, resp ec tive ly . Concentrations of the labeled  

drug had been corrected fo r  the amount bound. V e rt ica l bars repre­

sent S.D. of t r i p l i c a t e  tubes in one experiment.
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Fiy  14 a : The Scatchard p lot of the sp ec if ic  binding in F ig . 13.

Fig 14 b : The Scatchard p lot of a saturation experiment using

(3H)Spiro and 1 uM d-butaclamol as the masking drug. Kd and Bmax

fo r  high(H) and low(L) a f f i n i t y  components were obtained by f i t t i n g

the binding data in to  the equation:

B = Bilmax (D*) Bknax (D*)
+

D* + KdH D* + KdL

where B^max = 50, B*-max = 155 fmole/mg pro te in , Kd^ = 0 .12 , Kd^ = 1. 

nM. D* is the concentration of unbound (3H)Spiro.
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Fig 15: The k in e t ics  o f (3H)Spiro binding to c a l f  s t r ia t a l  membranes.

Specific  binding is defined as in Fig 13. Dissociation experiment was 

i n i t ia te d  by adding 4 nM d-butaclamol to the f lask  containing only 

(3H)Spiro. All determinations were in dup licate .
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Fig 16 a : The plot of Ln(Beq/Beq -B ( t ) )  vs. time(min) fo r  the asso­

c ia t io n  of (3H)Spiro in Fig 15. The observed ra te  constant, K0bs 

= 0.1324 min“ l ,  was the slope o f the p lo t .

Fig 16 b : The p lot of L n (B (t ) )  vs time(min) fo r  the dissociation

of (3H)Spiro in Fig 15. The d issociation ra te ,  K_^ = 0.102 min 

was the slope of the p lo t .
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Fig . 17: In h ib it io n  of spec if ic  (3H)Spiro binding in c a l f  s t r ia ta l

membranes by the agonists, DA, 5-HT, and (-)NE. The antagonist, 

d-BUT = d-butaclamol, was included fo r  comparison. Specific  binding 

of (3H)Spiro at 0.1 nM represented 70-80% of the to ta l  binding. 

Incubation conditions were iden tica l to tha t o f Fig. 13. The S.E.M. 

fo r  t r ip l ic a te s  were w ith in  15 % of the average.
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F ig .18: Effects of neuroleptic drugs on spec if ic  (3H)Spiro s i te s .

Conditions were indicated in Fig 13. d-BUT = d-butaclamol; HAL = 

haloperidol; LOX = loxapine; CLOZ = clozapine ; 1-BUT = 1-butaclamol 

MET = metoclopramide.
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F ig .19: The co rre la t io n  between the a f f i n i t i e s  of drugs fo r  the

(3H)Spiro binding s ites  sens it ive  to  4 nM d-butaclamol and (3H)Spiro  

binding s ites  sensitive  to  1 uM d-butaclamol. ( R= 0 .98 ,  slope = 

0 .9 2 ,  P< 0 .0001 ).
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1 2 2

Table 8 : Comparison of the properties o f (3H)Spiro s ites  displaceable
by 4 nM d-butaclamol and by 1 uM d-butaclamol

(3H)Spiro/ 4 nM d-butaclamol (3H )S p iro /l  uM d-butaclamol
Parameter sensitive  s ites sensitive s ites

Kd 0.08 nM + 0.008 (4 ) t 0.69 nM + 0.09 (11)

kl 4 x 108  M”* min"* 1.67 x 108  M~* min"*

k- l 0 . 1 0 2  min- -*’ 0.059 min"*

Bmax 7 8 + 4  (4) fmole/mg *230 + 10 (11) fmol/mg

Scatchard Linear C u rv ilinear

H i l l
c o e ff ic ie n t 0.99 + 0.05 (3) 1.03 (11)

*  Assuming a two component system, the Bmax and Kd of the high 
a f f i n i t y  component were estimated to be 50 fmole/mg protein and 
0.12 nM, respective ly . The Bmax and Kd of the low a f fn i ty  
component were 155 fmole/ mg and 1.3 nM, respective ly . These 
values were calculated by a computerized i t e r a t iv e  procedure 
based on the date from a representative experiment.

t  Numbers in parentheses represent number of experiments.



Table 9: Competition f o r  4 nM d-butaclamol se n s it ive  (3H)Spiro s i te s
by drugs

Drugs Ki (nM) +_ SE(n)

A. Agonists

IC50(nM) _+ SE(n) H i l l  c o e ff ic ie n ts  SE(n)

DHE
DA
(-)NE
5-HT

B. Antagonists

0.25 + 0 .1 (3 ) 0.73 (2)
19,000 + 7800 (3)

196.000 + 80000 (3)
502.000 +129000 (3)

0.85
0.48 + 0.01 
0.5 + 0.04

(2 )
(31(3)

Spiroperidol 0.08 + 0 . 0 1 (3) 0.27 + 0.04 (4) 1 . 1 1  +
d-Butaclamol 0.12 + 0 .026(3) 0.54 + 0 . 1 (3) 1 . 1 1  +
Fluphenazine 0.57 + 0.12 (3) 1.4 (2 ) 0.91
Haloperidol 1.44 + 0.14 (3) 6.7 + 1 . 2 2 (3) 1.07 +
Chlorpromazine 8.1 + 2.5 (3) 26 + 2.3 (3) 1.08 +
Loxapine 1 0 . 2  + 1 . 8 (3) 33 + 3 (3) 1.14 +
Clozapine 89 + 23 (3) 295 + 2 0 (3) 1.03 +
Metoclopramide 440 + 49 (5) 1500 + 450 (5) 1.03 +
Sultopride 500 + 100 (3) 1240 + 285 (3) 0.81 +
Sulp ir ide  2038 +_ 800 (3) 4480 + 1500 (3) 0.84 +

0.08 (3) 
0.04 (3) 

(2 )
0.03 (3) 
0.06 (3)  
0.15  
0.11 
0.11 
0.04 (3) 
0.04 (3)

(3
(4
(4 )

C. C l in ic a l ly  
Inactive  Durgs

1-Butaclamol 185 + 61 (4) 960 + 2 1 0  (4) 1 . 1 5 + 0 . 1  (4)
U-25,927 130 + 24 (3) 410 + 60 (3) 0 . 9 5 + 0 . 0 5  (3)



Table 10: IC501s and H i l l  c o e ff ic ie n ts  o f neuroleptic agents in the
(3H)Spiro/ 4 nM d-butaclamol and (3H )Sp iro /l  uM d-butaclamol 
systems

(3H)Spiro/4 nM d-Butaclamol * (3 H )S p iro / l  uM d-butaclamol

Drugs IC50 H i l l  C oeff ic ients  IC50 H i l l  Coeffic ients
(nM) (nM)

Spiroperidol 0.27 1 . 1 1 3.80 1 . 0 1
d-Butaclamol 0.54 1 . 1 1 4.16 0.74
Fluphenazine 1.4 0.91 26 1 . 0
Haloperidol 6.7 1.07 104 0.83
Chlorpromazine 26. 1.08 151 0.92
Loxapine 33 1.14 83 0.72
Clozapine 295 1.03 1420 0.64
Metoclopramide 1500 1.03 16900 . 0.83
Su lp ir ide 4500 1.03 29000 0.87
1-Butaclamol 960 1.15 5300 1.56
U-25,927 410 0.95 1430 0.72

*  Values taken from Tables 1 and 2.



Results and Discussion o f (3H)DHE Binding to  Brain Slices

Binding of (3H)DHE to s t r ia t a l  s lices of ra t  and c a l f  showed 

s te re o s e le c t iv i ty .  In competing against to ta l  (3H)DHE binding, 

the c l in ic a l l y  active  d-butaclamol was 1 0 0 0  times more potent than 

the l-isom er( Table 11 ).  Competition by the agonists, DA, (-)NE 

and serotonin did not show th a t  (3H)DHE binding was DAergic. The 

potency of DA(IC50= 20 uM) was about 3 times weaker than (-)NE and 

5-HT(Table 17) .  The benzamide der iva tives  metoclopramide(IC50= 3 

uM) and s u lp ir id e (5  uM) were 100 times weaker than chlorpromazine(7 

x 10" 8  M ) in competing against to ta l  (3H)DHE binding(Fig 20) .

These data support the conclusions reached in studies done in 

membrane preparations. I t  was shown, fo r  example, th a t  (3H)DHE 

has high a f f i n i t y  toward DA, (-)NE and 5-HT s ites  and binding 

of th is  ligand can be expected to be non-se lective . The present 

study in c a l f  s t r ia ta l  s l ices  indicates tha t (3H)DHE binding 

does not e x h ib it  p re fe re n t ia l  a f f i n i t y  toward DA and may involve  

other neurotransmitter s i te s .  Furthermore, th is  study also exempli­

f ie s  tha t s te re o s e le c t iv i ty  alone is  in s u f f ic ie n t  to ind icate  

the nature of a p a r t ic u la r  binding sites(Enna et a l ; 1976).

Results and Discussion o f (3H)Spiro Binding to Brain Slices

K inetics  of binding o f (3H)Spiro to ra t  s t r ia t a l  s l ices  was 

studied at 23°C. A fte r  a 40 min incubation, the sp ec if ic  binding, 

defined as the d iffe rence  between binding in the absence and the 

presence of 400 nM d-butaclamol, reached a plateau and continued to  

s ta b lize  a f te r  60 min. The displacement of the bound (3H)Spiro by 

400 nM d-butaclamol showed th a t  the spec if ic  binding declined s te a d i ly ,



and a 50% reduction was observed a f te r  50 min. In a saturation  

experiment using 400 nM d-butaclamol as the masking drug, the Kd 

and the Bmax were determined to  be 0.25 nM and 35 fmole/2 s l ic e s .

In competing against to ta l  (3H)Spiro binding to s l ic e s ,  metoclo 

pramide (IC50= 7 uM) and DA (20 uM) ( tab le  12, Fig 21) were both 

in e f fe c t iv e .  The d-isomer of butaclamol was 100 times more potent 

than the 1-isomer. No sp e c if ic  binding was observed a f te r  the  

slices  were boiled fo r  2  min.

The s te re o s p e c if ic i ty ,  r e v e r s ib i l i t y ,  heat s e n s it iv i ty  and 

s a tu r a b i l i t y  o f (3H)Spiro binding to  s l ic e  preparations ind icate  

th a t  (3H)Spiro binding may be su itab le  fo r  fu r th e r  characteriza tion  

by autoradiographic means to  v isu a lize  (3H)Spiro binding s i te s .



Fig. 20: Inhibition of total (3H)DHE binding to calf striatal

slices by drugs. Incubation was done under dim light at roan 
temperature for 90 min. The amount of (3H)DHE was 0.35 nM. 

d-But = d-butaclamol; CPZ - chlorpromazine; MET = metoclopramide; 
DA = dopamine.
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Fig. 21: Inhibition of (3H)Spiro binding to calf striatal slices

by drugs. Incubation was done at room temperature for 60 min.
The amount of (3H)Spiro used was 0.25 nM. d-But = d-butaclamol; 
CPZ = chlorpromazine; MET = metoclopramide; DA = dopamine.
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Table 11: IC50's* o f  drugs f o r  Binding o f  (3H)OHE in  b ra in  s l ic e s

Drug S t r ia ta l  C a lf  Slices
IC50(nM)

d-Butaclamol
Chlorpromazine
Metoclopramie
S u lp ir ide
DA
5-HT
( - )  ne
1 -butaclamol

60
73 + 2.5 (3)

3100 + 1000 (3) 
4800

21000 + 6000 (3) 
6900 
5300 
44000

*  The amount o f (3H)DHE used was 0.2  to 0.25 nM.
IC50 values represent the concentration of drugs needed to  
displace 50% of the to ta l  (3H)DHE binding



Table 12: IC50‘ s* o f  drugs f o r  (3H)Spirot b ind ing to  s l ic e s

Drugs C a lf  s t r ia t a l  s lices  Rat s lices
IC50(nM) IC50(nM)

d-Butaclamol 33 (2) 58 (2)
Chlorpromazine 230 (2)
Metoclopramide 6700 +_ 500 (3) 3500
DA 19000 (2)
1-Butaclamol 8000

*  IC50 represents the concentration of drugs needed to displace  
of to ta l  (3H)Spiro binding.

t  The amount of (3H)Spiro used was 0.3  nM.



Effects  o f Sultopride and T iapride on DA Turnover

As shown in Tables 13 and 14 , sultopride and t ia p r id e  caused 

dose-dependent increases in DOPAC leve ls  in ra t  s tr iatum . The 

ED50 values fo r  DOPAC increases were approximately 8  mg/kg fo r  

sultopride and 25 mg/kg fo r  t ia p r id e .  However, i t  should be 

noted tha t the dose-response curves fo r  these drugs were conducted 

4 hr a f te r  in je c t io n .  In subsequent studies i t  was determined that  

1 hr a f te r  in je c t io n ,  both compounds showed greater e ffec ts  on DA 

turnover(Table 13 ,14 ) .  Therefore, the ED50‘ s fo r  these compounds 

c ited  above could be lower.

In hypophysectomized ra tes , su lp ir id e (50  mg/kg) and metoclopra 

mide(10 mg/kg) increased DOPAC leve ls  in the striatum and TO. The 

leve ls  of increases were comparable to  unlesioned rats receiving  

the same doses (Stanley and Wi lk,  1979). Hypophysectomy, therefore  

does not influence the reponse of DA neurons to the benzamide 

in je c t io n s .  This is  in contrast to  resu lts  obtained by Portaleone  

et a l(1978) who observed tha t the a b i l i t y  o f su lp ir id e  to  increase 

DA turnover in ra t  brain was abolished a f te r  hypophysectomy. They 

hypothesized tha t the a b i l i t y  of su lp ir id e  to  a f fe c t  DA turnover  

in  the striatum  was dependent on the drugs's a b i l i t y  to  modify p i ­

t u i t a r y  p ro lac tin  l eve l s .  However, t h e i r  f indings have not been 

substantiated here or by others( Jenner et a l ; 1978b).



Table 13: E ffe c t o f  T iap ride  on DA metabolism

Tiapride Striatum

Dose DOPAC HVA
mg/kg Time ug/g ug/g

10 4 hr 1.59 + 0.1 (4 ) 1 . 2 2  + 0.09 (4 )
2 0 1.78 + 0.17 (3) 1.73 + 0.23 (3)
40 2.80 + 0 . 2 2 (4) 2.48 + 0 . 2 0 (4 )
60 3.22 + 0.31 (4 ) 3.28 + 0.31 (4 )

2 0 1 hr 2.24 + 0.13 (4) 1 . 6 6  + 0.26 (4 )

Saline 1.10 + 0.07 (9) 0.80 + 0.06 (9)

T iapride TO

Dose DOPAC HVA
mg/kg Time ug/g ug/g

10 4 hr 1.18 + 0.07 (4) 0.71 + 0.03 (3)
2 0 0.97 + 0.02 (3) 0.91 + 0.08 (3)
40 1.43 + 0.14 (3) 0.97 + 0.09 (4)
60 1.5 + 0.16 (4) 1.05 + 0.14 (4 )

2 0 1 hr 1.28 + 0.16 (4) 0.87 + 0.13 (4 )
2 hr 1.01 + 0.23 (3) 0.76 + 0.15 (3)

Saline 0.62 + 0.05 (4) 0.35 + 0.09 (4)

DA
ug/g

12.5 (2) 
11.1 (2) 
10.9 (2)

8.72 + 0.



Table 14: E ffe c t  o f  s u lto p r id e  on DA metabolism

_______ Sultopride __________Striatum_____

Dose
mg/kg Time

2.5 4 hr
5
10
2 0
30

Saline 1 hr

Sultopride

Dose
mg/kg Time

2.5 4 hr
5
1 0
2 0
30

2 0 1 hr
2 hr
4 hr

Saline

Dopac
ug/kg_______

1.82 + 0.38 (4)
2.32 + 0.26 (4)
2.9 + 0.12 (4) 
2.95 + 0 .3  (3) 
3.85 + 0.45 (4)

1.10 + 0.09 (9)

HVA
ug/kg________

1.47 + 0.22 (4) 
1.75 + 0 .18 (4) 
2.31 + 0.02 (3)
3.33 + 0.16 (3) 
3.91 + 0.21 (4)

0 .8  + 0.06 (9)

Dopac HVA
ug/kg_______________  ug/kg

1 . 0 + 0.06 (4) 0.51 + 0.07 (4 )
1 . 2 1 T 0.17 (4) 0.56 + 0.06 (4 )
1.67 T 0.24 (4) 0.82 + 0.15 (4 )
0.84 + 0.06 (3) 1.26 + 0.08 (3)
2 . 0 1 T 0 . 1 0 (4) 1.26 + 0.03 (4)

1.81 + 0.36 (4) 1.13 + 0.06 (4)
0.82 + 0 . 1 2 (3) 1.15 + 0.4 (3)
0.84 + 0.06 (3) 1.26 + 0.08 (3)

0.62 + 0.05 ('4) 0.35 + 0.09 (4)



Table 15: E ffects of su lp ir id e  and metoclopramide on DA metabolism in
hypophysectomised rats

Striatum

Dose DOPAC HVA DA
Drug mg/kg ug/mg ug/mg ug/mg

S u lp ir id e *  50 3 . 0 9 + 0 . 2 4 ( 6 )  2 . 8 6 + 0 . 2 ( 6 )  1 0 . 0 1 + 0 . 6 8 ( 5 )

Metoclopramidet 10 2.73 (2) 3.25 (2)

Saline 1.6 + 0 . 1 ( 4 )  1 . 0 6 + 0 . 0 6 ( 4 )  10.2 + 0 . 2 2 ( 3 )

___________TO____________________________

Dose DOPAC HVA
Drug mg/kg ug/kg ug/kg

Saline 0 . 8 8 + 0 . 0 9 ( 4 )  0 . 6 1 + 0 . 1 8 ( 4 )

S u lp ir id e *  50 1 . 4 1 + 0 . 1 2 ( 4 )  1 . 1 3 + 0 . 1 ( 5 )

Metoclopramidet 10 1.65 (2) 1.67 (2)

*  Rats were k i l le d  4 hr a f te r  i . p .  in je c t io n ,  

t  Rats were k i l l e d  1 hr a f te r  i . p .  in je c t io n .

11 Values taken from Stanley and Wi lk,  1979.



Radioreceptor Binding Assay as a Model to  Predict  
Anti-DA Properties of Neuroleptic Drugs___________

Studies on (3H)Spiro binding s ites  sen s it ive  to  1 uM or 4 nM 

d-butaclamol in c a l f  s t r ia t a l  membranes demonstrate th a t  ( 1 ) the 

a f f i n i t i e s  of typ ica l neuroleptic drugs fo r  (3H)Spiro binding s ites  

p a ra l le ls  th e i r  c l in ic a l  potenices and t h e i r  a b i l i t y  to increase 

DA turnover. (2) the a f f i n i t i e s  of atypical neuro leptic  drugs 

such as the dibenzoheteroepine, c lozapine, and the benzamide 

d e r iv a t iv e s ,  metoclopramide and s u lp ir id e ,  fo r  (3H)Spiro binding 

s ites  are not consistent with t h e i r  c l in ic a l  potencies and th e i r  

a b i l i t y  to  increase DA turnover. For example, 1-butaclamol is  a 

c l in ic a l l y  in ac t ive  neuro leptic  drug and i t  does not increase DA 

turnover. However, th is  compound is more potent than clozapine,  

su lp ir id e  and metoclopramide in competing against (3H)Spiro binding. 

S im ila r ly ,  U-25,927 is  a c l in ic a l l y  inactive  butyrophenone, but i t  

is  more potent than the c l in ic a l l y  active  drugs s u lp ir id e  and meto­

clopramide. (3) Among neuroleptics such as the butyrophenones, 

phenothiazines, pentacyclics , and dibenzoheteroepines, there is  a 

good agreement between binding and anti-DA properties in vivo of  

these drugs w ith in  a given class of compounds. Thus, the butyro­

phenone, sp iroperido l,  is  more potent than haloperidol which in turn  

is  much more potent than U-25-927. The phenothiazine, fluphenazine,  

is  a stronger competitor fo r  (3H)Spiro s ites  than th ie thy lpe raz ine  

and chlorpromazine. S im ila r ly ,  c is - f lu p en th ixo l has much higher



a f f i n i t y  fo r  (3H)Spiro s ite s  than t ra n s - f lu p e n th ix o l , d-butaclamol 

is  more potent than the 1 -isomer, and loxapine is  stronger than 

clozapine. These resu lts  ind ica te  th a t  when using (3H)Spiro assays 

to  pred ic t the anti-DA properties in vivo o f a potentia l neuroleptic  

drug, i t  is  best to  compare i t s  potency w ith in  a given class of  

compounds. However, i f  the drug belongs to  the benzamide class,  

(3H)Spiro assays in c a l f  s t r ia t a l  membranes are not su itab le  fo r  

pred ic ting  i t s  anti-DA properties in v ivo.

Although the benzamides metoclopramide, su lto p rid e , and su lp ir id e  

are ac tive  in competing against (3H)DHE s ites  sensit ive  to  4 nM d- 

butaclamol, in agreement with t h e i r  a b i l i t y  to  increase DA turnover 

and t h e i r  c l in ic a l  a c t i v i t y ,  (3H)DHE assays can also y ie ld  misleading 

resu lts  as to the anti-DA properties of an unknown compound. Thus, 

t ia p r id e ,  a benzamide d e r iv a t iv e  which increases DA turnover, is  

weaker in (3H)DHE assays than the c l in ic a l l y  in ac t iv e  U-25,927. 

P erlap ine , a dibenzoheteroepine d e r iv a t iv e  which increases DA 

turnover in vi vo,  i s equipotent with U-25,927, a drug which does 

not increase DA turnover. T ran s -f lu p en th ix o l,  a c l in ic a l l y  

in ac t iv e  neuro lep tic ,  has a much higher a f f i n i t y  fo r  (3H)DHE s ites  

than the c l in ic a l l y  ac tive  c lozapine. Therefore, despite i t s  ab i­

l i t y  to  r e f le c t  the anti-DA properties in vivo of several benzamide 

drugs, the use o f  the (3H)DHE binding assay to  predict anti-DA proper­

t ie s  o f  drugs has many drawbacks s im ila r  to  the (3H)Spiro assays.

To assess the anti-DA properties o f a potentia l neuroleptic drug, i t  

is  best to  combine binding assays with some measurements in vivo



(such as turnover s tu d ies ) .  Such a combined approach would avoid 

misleading results  from binding studies.

The Relationship Between (3H)DHE and (3H)Spiro Binding Sites

Studies using (3H)DHE and (3H)Spiro show th a t  unlabeled DHE 

competes e f fe c t iv e ly  against (3H)DHE and (3H)Spiro s i te s .  S im ila r ly ,  

unlabeled Spiro is  potent in competing against (3H)Spiro and (3H)DHE 

binding. These data ind ica te  tha t (3H)DHE and (3H)Spiro in te ra c t  

with s im ila r  populations o f binding s i te s .  However, the benzamides 

such as metoclopramide and s u lp ir id e  are weak in competing against 

(3H)Spiro binding, but in the (3H)DHE assay, they were found to be 

ac t ive .  The explanation fo r  these apparent paradoxical properties  

of benzamides in the binding systems is unclear at present. Studies 

have shown th a t  (3H)Spiro binding consists of two major components: 

(1) the guanine nucleotide sensit ive  component which disappears 

a f te r  kain ic  acid in je c t io n ,  (2) the guanine nucleotide insens it ive  

component which disappears a f te r  c o r t ic a l  ab la t io n . These data 

suggest th a t  the guanine nucleotide sensitive  population o f  (3H)Spi- 

ro binding may be linked to  adenylate cyclase (D1 s i t e s ) .  The 

benzamides, being se lec t ive  D2 antagonists, are in ac t ive  in reversing  

ligand binding to D1 s i te s ,  and the re fo re ,  are weak in (3H)Spiro  

assays. On the other hand, DHE binding may be exc lus ive ly  to the D2 

s i te s ,  as guanine nucleotides do not influence the competition of  

DHE fo r  (3H)Spiro s i te s .  The benzamides appear stronger because of



the se lec t ive  D2 nature o f  DHE binding. However, i t  should be noted 

th a t  guanine nucleotides may exert t h e i r  regulatory ro le  on (3H)Spiro  

binding independent of cyclase function . Studies have shown that in  

the a n te r io r  p i tu i t a r y ,  where no DA-sensitive adenylate cyclase ac­

t i v i t y  has been characterized , guanine nucleotides s t i l l  modify bin­

ding of (3H)Spiro(Creese and S ib ley , 1979).

Sodium Dependency of Benzamide Binding

Recently, Stefanin i e t a l(1980) showed that the a b i l i t y  of 

s u lp ir id e  and other benzamides to  compete fo r  (3H)Spiro s ites  is  

s e le c t iv e ly  dependent on the presence of NaCl(> 0.1 M). In con­

t r a s t ,  the typ ica l  neuroleptics butaclamol, haloperido l, and f lu -  

phenazine can displace (3H)Spiro binding e i th e r  in the presence or 

absence of NaCl. Other ions such as CaCl2 > MgCl2> and KC1 do 

not change or only enhance s l ig h t ly  the a b i l i t y  of benzamides to  

compete against (3H)Spiro binding. They concluded th a t  there are 

at leas t two populations o f DA receptors present in the striatum , 

one of which is  Na-dependent through which benzamides in te ra c t  and 

the other is  Na-independent, through which c lass ica l neuroleptic  

in te ra c t .  Theodorou et a l (1980) have also shown th a t  NaCl can 

s e le c t iv e ly  enhance binding o f  (3H)Sulpiride to binding s ites  in  

ra t  s tr ia tum . However, i t  should be noted th a t  the sp e c if ic  enhan­

cement of benzamide binding by Na may be due to  a non-specific  

e f fe c t .  For example, Usdin et a l(1980) showed that monovalent and



d iva len t cations as well as several chelating agents can increase 

the number of (3H)Spiro binding s i te s .  This e f fe c t  has been shown 

to be due to the prevention of the time-dependent decline of  

(3H)Spiro binding. In the absence of these ions, (3H)Spiro binding 

in ra t  membrane preparations s ta r ts  to decline a f te r  5 min incubation  

at 37°C. In S te fa n in i 's  study, (3H)Spiro was allowed to incubate 

fo r  12 min. I f  the benzamides can in te ra c t .w ith  a high a f f i n i t y  

with s ites  los t  in the incubation procedure, binding of (3H)Spiro  

in the absence o f Na or other ions could lead to  an apparent decrease 

in a f f i n i t y  fo r  benzamide drugs. To determine a spec if ic  e f fe c t  

fo r  Na ac t iva t io n  o f benzamide binding, i t  is  crucia l to  establish  

stable binding conditions .

The Use Of A Low Masking Ligand Concentration In Radioreceptor 
Binding Studies___________________________________________________

Studies with (3H)Spiro and (3H)DHE have demonstrated the  

value of using a low concentration o f masking drug to  enhance 

the s p e c if ic i ty  of radioreceptor binding s i te s .  Previously, (3H)- 

Spiro binding has been assessed using 1 uM d-butaclamol as the mas­

king drug. In th a t  system, the Scatchard analysis reveals hetero­

geneity of binding s i te s .  In add it ion , several neuroleptic drugs 

show non-competitive behavior in competing against (3H)Spiro bin­

ding. In con trast, when 4 nM d-butaclamol is  used as the masking 

drug, (3H)Spiro binding s ites  become homogeneous. Moreover, drugs 

th a t  show non-competitive behavior in the 1 uM system are exh ib it ing  

competitive in h ib it io n  o f (3H)Spiro binding. Furthermore, the a f f i ­



n ity  constant and the to ta l  receptor density of the 4 nM system 

are very close to  the high a f f i n i t y  component of the 1 uM sensitive  

s i te s .  These resu lts  ind ica te  th a t  the 4 nM d-butaclamol sensitive  

(3H)Spiro binding s ites  may represent the high a f f i n i t y  component of  

(3H)Spiro binding defined by 1 uM d-butaclamol. The use of a low 

concentration of masking drug can the re fo re ,  s e le c t iv e ly  define  

the high a f f i n i t y  component of radioligand binding s i te s .  I t  

should be appreciated th a t  most of the radioligands used in charac­

te r iz in g  binding s ites  are non-specific , i . e .  they can in te ra c t  

with several neurotransmitter s i te s .  The same holds tru e  fo r  many 

of the masking drugs. Thus, in order to  define a homogeneous 

population of binding s i te s ,  i t  is  crucia l to  establish  an optimal 

condition where homogeneous binding can be favored. This can be 

achieved e i th e r  by the inclusion o f drugs tha t prevent binding to  

other t ran sm itte r  s ites  or as in our studies by selecting a low 

concentration of the masking drug th a t  p re fe re n t ia l ly  in te rac ts  

with s ites  of in te re s t .

Conclusions

In the past few years , the DA-sensitive adenylate cyclase  

assay and the neuroleptic/DA radioreceptor binding assay have 

s u s ta n t ia l ly  increased our understanding of m u lt ip le  DA receptor  

mechanisms in the CNS. I t  is  now appreciated th a t  neuroleptic  

drugs such as the benzamides and the indole d e r iv a t iv e ,  molindone,



may re l ie v e  schizophrenic symptoms by s e le c t iv e ly  blocking a 

population of DA receptors which are independent of DA-stimulated 

adenylate cyclase (D2 receptors ). S im ila r ly ,  D2 receptors are now 

implicated in the anti-Parkinsonian action of bromocryptine and 

other ergot d e r iv a t iv e s . In the s tria tum , radioreceptor binding 

assays have sucessfully id e n t i f ie d  d i f fe re n t  DAergic binding 

s ite s .  These d i f fe re n t  elements have been se le c t iv e ly  characterized  

by 6-OHDA les ions, ka in ic  acid les ions, and by c o rt ic a l  ab la t io n .

The discovery of a population of DAergic binding s ites  o r ig ina ting  

from co rt ic a l  areas has opened another p o s s ib i l i ty  fo r  the s i te (s )  

of action of neuroleptic drugs. The f ind ing tha t guanine nucleotides  

can s e le t iv e ly  impede agonist binding and th a t  sodium ions may 

s e le t iv e ly  enhance the a f f i n i t y  of the benzamide neuroleptics fo r  

DAergic s ites  have also introduced us to the complexities of c e l lu la r  

regulation  in vivo.

However, i t  should be noted th a t  the physiological ro le  of the 

DA-stimulated adenylate cyclase in the CNS is  unclear at present. 

Further, because o f the discrepancies between anti-DA properties in  

vivo of neuroleptics and t h e i r  potencies in antagonizing DA-stimu­

la ted  adenylate cyclase, and the d iffe rence  in the subcellu lar  

lo ca liza tio n s  o f DA-stimulated cyclase and neuroleptic binding 

a c t iv i t y ,  Laduron(1980) has maintained th a t  the DA-stimulated adeny­

la te  cyclase is  only an enzyme which may not be coupled to a spec if ic  

receptor mechanism.



Although there is  a good agreement between the anti-DA proper­

t ie s  in vivo and potencies of neuroleptic drugs in competing fo r  

(3H)neuroleptic binding s ites  , several l im ita t io n s  of binding 

assays have also been uncovered. For example, we have found a 

discrepancy between the anti-DA properties in vivo and binding 

properties of atypical neuroleptic drugs. This discrepancy is not 

abolished despite the use o f a low masking ligand concentration  

which can enhance the s p e c if ic i ty  of binding. In add it ion , s ites  

labeled by the (3H)DA agonists and the (3H)DA antagonists have 

d i f fe r e n t  pharmacological properties and the re la tionsh ip  between 

(3H)neuroleptic binding s ite s  and DA receptors is  s t i l l  unclear 

at present. I t  is  there fore  often d i f f i c u l t  to  unequivocally 

re la te  the meaning o f binding studies to DA receptor mechanisms. 

Further studies are needed to  delineate  the nature of binding  

s i te s .

Many l ines  of evidence suggest tha t s ites  labeled by (3H)DA- 

agonists and (3H)neuroleptics are d is t in c t  e n t i t ie s .  For example, 

(3H)agonist binding is poorly reversed by unlabeled antagonist whe­

reas the converse is  tru e  fo r  (3H)-antagonist binding. Studies 

have also shown th a t  binding of (3H)apomorphine and (3H)Spiro is  

d i f f e r e n t i a l l y  affected by kaninic acid les ions, which s e le c t iv e ly  

destroys neuronal c e l l  bodies. A fte r  ka in ic  acid les ions, binding 

of (3H)apomorphine is  decreased by 70-80%, whereas binding of 

(3H)Spiro is  decreased only 40-50%. The remaining (3H)Spiro s ites



have been shown to disappear a f te r  c o rt ic a l  ab la t io n . Thus, i t  

appears th a t  the m ajority  of (3H)apomorphine s ites  are located on 

c e l ls  in t r in s ic  to the stria tum . In con trast, h a l f  o f  (3H)Spiro  

s ites  are located on c e l ls  in t r in s ic  to the striatum  and the rest  

seems to be on nerve terminals o r ig ina ting  from the cortex. Whether 

apomorphine labels pre-synaptic s ites  on n ig ro -s t r ia ta l  DA nerve 

terminals is  unclear at present.

There are three d is t in c t  types of DAergic binding s ites  known 

at present: Sites having high a f f i n i t y  fo r  antagonist and low a f ­

f i n i t y  fo r  agonist, s ite s  with high a f f i n i t y  fo r  agonist and low 

a f f i n i t y  fo r  antagonist, and s ites  re la ted  to  D1 receptors. At 

present, i t  is  unclear whether these binding s ites  represent d is t in c t  

DA receptro s ites  or th a t  they represent d i f fe re n t  conformations of 

a DA receptor population. The high a f f i n i t y  antagonist and low 

a f f i n i t y  agonist s ites  have been examined by ligands such as (3H)Spiro, 

(3H)Hal and (3H)DHE. Of the three ligands, DHE is the only drug 

with agonist a c t iv i t y  in vivo and the other two are potent butyrophe- 

none neuro lep tics . In our studies the benzamide neuroleptics are 

weak in the (3H)Spiro system and active  in the (3H)DHE system.

However, there has been one report which demonstrates a high potency 

of s u lp ir id e  fo r  (3H)Spiro s ites  when (3H)Spiro concentration used 

is  extremely low(Howlett and Nahorski; 1980).

The high a f f i n i t y  agonist and low a f f i n i t y  antagonist s ites  

have been characterized by (3H)DA and (3H)apomorphine, and the 

D1 binding s ites  have been characterized with (3H)C is-F lupenth ixo l.



I t  is apparent th a t  the (3H)apomorphine and parts of (3H)Spiro  

binding s ites  are associated with guanine nucleotide binding pro­

te in .  I t  has been shown that binding o f (3H)apomorphine is  im­

peded by GTP and GDP, and the a f f i n i t i e s  o f DA agonists fo r  (3H)Spiro 

s ites  are decreased by ions. I t  is  unclear whether the guanine 

nucleotide sensit ive  protion o f (3H)Spiro binding is re la ted  to  

D1 receptors. However, i f  they represent D1 receptors, they 

would be expected to have properties s im ila r  to  the (3H)Flupenthixol 

binding s i te s .  I t  has also been shown th a t  most o f the guanine 

nucleotide insens it ive  (3H)Spiro binding s ites  are from the c o r t ic a l  

region. To study the re la tionsh ip  between guanine sens it ive  (3H)-  

Spiro binding and D1 receptors, i t  may be valuable to  examine 

properties o f (3H)Spiro s ites  in decorticated ra ts .

In conclusion, although the DA/neuroleptic binding assay can 

b e tte r  account fo r  the in vivo properties of neuro leptic  drugs than 

can the DA-stimulated cyclase assay, the uncerta in ties  of the  

nature of binding s ites  have l im ited  t h e i r  value fo r  in te rp re t in g  

DA receptor mechanisms.
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clopramide and s u lp ir id e ,  which are se lec t ive  D2 antagonists. (3)

To examine properties o f  (3H)Spiro binding s ites  using a low con­

centra tion  o f d-butaclamol as the masking drug and to  compare them 

with properties o f (3H)Spiro binding s ites  tha t used a high concen­

t ra t io n  of d-butaclamol as the masking ligand. As mentioned, 

antipsychotic drugs are believed to exert th e i r  c l in ic a l  e f fe c t  

by the blockade of DA receptors. Biochemically, th is  e f fe c t  can 

be monitored by measuring the increase in the turnover of DA neurons 

produced by these drugs, by the competition fo r  the binding s ites  

labeled by (3H)neuroleptic drugs, or by the reversal of stim ulation  

of adenylate cyclase by DA. The r e la t iv e  c l in ic a l  potencies of  

neuroleptic drugs in general p a ra l le ls  t h e i r  potencies in increasing  

DA turnover and in competing fo r  binding s ites  labeled by (3H)neuro- 

leptics(Creese et a l . ,  1976; Seeman et a l . ,  1976) . Antagonism of 

adenylate cyclase stim ulation corre lates poorly with c l in ic a l  

potency. In our laboratory Wilk and Stanley have studied the 

metabolism of DAergic neurons in ra t  striatum and tuberculum o lfa c -  

torium a f te r  i . p .  adm inistration of typ ica l and atypical agents(Wilk 

et a l . ,  1975; Wilk and Stanley , 1977; Stanley and W ilk , 1977,

1979). These studies have shown th a t  antipsychotic drugs produce 

a c h a ra c te r is t ic  dose-dependent increase in the level of 3 ,4 -d ih y -  

droxyphenylacetic acid (DOPAC) in the brain regions described, 

whereas non-anti psychotic congeners or other classes o f c e n tra l ly  

acting drugs f a i l  to  e l i c i t  a s im ila r  increase in DOPAC leve ls .

This dose-dependent e levation  in  DOPAC forms the basis of a predic­

t iv e  system fo r  antipsychotic e f f ic a c y .
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Table 1A: Properties of Some Typical and Atypical Neuroleptics on
Various Dopaminergic Model Systems

(3H)Spiro DA-Stimulated S t r ia ta l  DOPAC Catalepsy Extrapyramidal 
Adenylate Cyclase Elevation Side Effects

Drug pIC50 d ) Ki ED50

nM

Haloperidol 8 .5  2 2 0 (2)
Chlorpromazine 6 .9  66 (2)
Clozapine 6 .4  170w)
Perlapine 480(3)
Su lp ir ide  7.1 in a c t iv e ^ )
Metoclopramide 7 .0  in a c t iv e ^ )

urn/kg 

0.43 + +
8 .4 + +
61 - -

11 + ?
175 - +
8.5 + +

(1) Leysen et a l ; 1978b.

(2) Clement-Cormier et a l ; 1974.

(3) M i l le r  and H i le y ,  1976.

(4) Roufagalis et a l ; 1976.
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and c l in ic a l  potencies o f typ ica l antipsychotics, but these assays 

are less r e l ia b le  fo r  neuroleptics belonging to  the dibenzoheteroepines 

and inaccurate fo r  the benzamides. Moreover, the a b i l i t y  of a drug 

to  produce an elevation  o f s t r ia t a l  DOPAC in  vivo more accurately  

r e f le c ts  i t s  antipsychotic properties than i t s  a b i l i t y  to  compete 

with (3H)Spiro binding to  c a l f  s t r ia t a l  membranes.


