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Dopamine produced a twofold increase in striatal 
adenylate cyclase activity (half-maximal increase 
in act iv i ty  with 5 µM dopamine) Selected 
phenothiazines were potent and competitive in-
hibitors of enzyme activity with low inhibition 
constants (nanomolar range). The butyrophenones 
were competitive but weak antagonists; nonpsy-
choactive phenothiazines were without effect 
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"By the early 1970s, substantial evidence had 
accumulated for a functional role for cyclic nucle-
otides in the nervous system. When I joined Paul 
Greengard's laboratory as a graduate student, the 
presence of a dopamine-sensitive adenylate cy-
clase in the caudate nucleus of rat brain had just 
been reported.1'2 This observation was significant 
because it focused attention on dopamine-sensi-
tive cyclase as a possible biochemical marker for 
the dopamine receptor. 

"As part of the research for my PhD thesis, I 
chose a pharmacological approach to investigate 
the potential usefulness of the dopamine-sensitive 
adenylate cyclase assay as a marker for the dopa-
mine receptor. First, several studies were per-
formed which documented the presence of the en-
zyme exclusively in dopaminergic brain areas and 
in a variety of mammals including humans. In ad-
dition, the enzyme activity was found to be en-
riched in subcellular fractions of the caudate asso-
ciated with postsynaptic structures. These studies 
also demonstrated that the action of dopamine 
was directly on a receptor and not via metabolites 
of the neurotransmitter. Thus, on the basis of the 
results of these experiments, we theorized that the 
'dopamine receptor' of the caudate nucleus, as de-
scribed physiologically, was closely associated 
with dopamine-sensitive adenylate cyclase activi-
ty. 

"At the time I was performing these studies, it 
was known that drugs of the phenothiazine and 
butyrophenone classes could assume a conforma- 

tion similar to that of dopamine.3 Thus, the dopa-
mine-sensitive adenylate cyclase assay provided a 
readily accessible tool to evaluate the hypothesis 
that part of the mechanism of action of the anti-
psychotic drugs involved a direct interaction with 
the dopamine receptor. 

"Over 15 different antipsychotic drugs (repre-
senting the phenothiazines, butyrophenones, and 
dibenzodiazepines), as well as nonpsychoactive 
drugs, were tested to determine if they blocked 
the effect of dopamine on brain adenylate cyclase. 
The results demonstrated that the antipsychotic 
drugs were competitive inhibitors with extremely 
high affinities (in the nanomolar range) for the en-
zyme. More importantly, drugs which had little or 
no antipsychotic or extrapyramidal actions clini.-
cally had relatively high inhibitory constants. Simi-
lar studies which confirmed our observations were 
reported by Leslie Iversen's group.4 

"Not surprisingly, there were some discrepan-
cies between the results of various test substances 
observed in this enzyme system with the results of 
clinical tr ials and laboratory studies in vivo. 
Whereas the data fit well for the phenothiazine 
class of antipsychotic drugs, the butyrophenones, 
which were known to be potent antipsychotics, 
were weak antagonists of dopamine-sensitive ade-
nylate cyclase activity. At about this time, studies 
using radioligand binding as a tool for tagging do-
pamine receptors also showed differences be-
tween dopaminergic sites which were identified by 
labeled butyrophenones and those coupled to ade-
nylate cyclase.5,6 These observations were at the 
forefront of describing what is now the widely ac-
cepted view of the heterogeneity of the dopamine 
receptor.7,8 

"There are several reasons why this paper has 
been highly cited. First, it provided strong support 
for the conclusion that some physiological effects 
of dopamine may be initiated by increases in intra-
cellular cyclic AMP. Recent studies have substanti-
ated this point of view.9 Second, for the first time a 
rapid, accurate, and inexpensive pharmacological 
tool for identifying a drug as a direct agonist or an-
tagonist at dopamine receptors coupled to ade-
nylate cyclase was established, as well as a useful 
procedure for calculating the affinity of the drugs 
for the receptor. Third, the identification of addi-
tional categories of dopamine receptors arose, in 
part, as a consequence of the comparison of the ef-
ficacy of antagonists upon the dopamine-sensitive 
adenylate cyclase and other biochemical models 
of dopamine receptor sites." 
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