THE JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL THERAPEUTICS

Vol 208, No. 3.

Selective Binding of Antipsychotics and Other Psychoactive
Agents to the Calcium-Dependent Activator of Cyclic

Nucleotide Phosphodiesterase’

ROBERT M. LEVIN and BENJAMIN WEISS

Department of Pharmacology, Medical College of Pennsylvania, Philadelphia, Pennsylvania

Accepled far publication December 6, 1978

ABSTRACT

Levin, Robert M. and Benjamin Weiss: Selective binding of
antipsychotics and other psychoactive agents to the calcium-
dependent activator of cyclic nucleotide phosphodiesierase. J.
Pharmacol. Exp. Ther, 208: 454-459, 1979.

We have examined the binding of several centrally active
agents to the heat-stable, calcium-dependent protein activator
of phosphodiesterase. Calcium-specific binding to activator
was determined either by directly measuring the binding of
radioactive drug to the activator during equilibrium dialysis or
from the ability of the unlabeled drug to displace radiolabeled
triflucperazine fram the activator. Antipsychotics of a variety of
chemical classes displayed high-affinity, calcium-dependent
binding similar to that originally shown for trifluoperazine. Com-
petition studies suggest that the various chemical classes of
antipsychotics bind to the same site on the activator. Scatchard
analysis of the binding of pimozide, chlorpromazine and halo-
peridol to activator demonstrated dissociation constants of 0.8,
5 and 9 pM, respectively; the calculated number of specific
binding sites was between 1 and 3 sites per molecule of

activator. Antianxiety and antidepressant agents showed con-
siderably less calcium-specific binding than did antipsychotics.
A wide series of agents that affect the central nervous system,
but which are devoid of antipsychotic activity, showed no
calcium-specific binding. These include LSD, amphetamine,
pentobarbital, morphine, histamine and dopamine. The mag-
nitude of the calcium-dependent binding of drugs to activator
correlated well with the ability of these agents to inhibit the
activation of phosphodiesterase, and the relative binding of
different phenothiazine derivatives paralleled their clinical an-
tipsychotic activity. These results support our proposal that the
mechanism by which antipsychotic drugs inhibit phosphodies-
terase activation is by direct binding to activator. Moreover, the
evidence that this calcium-dependent protein can activate sev-
eral other enzyme systems, each of which is inhibited by the
phenothiazine antipsychotics, suggest that the binding of anti-
psychotics to activator may be the mechanism by which these
drugs exert several of their biochemical and pharmacclogical
actions.

Phenothiazine antipsychotic agents inhibit several enzyme
systems including the catecholamine-sensitive adenylate cy-
clase (Uzunov and Weiss, 1971, 1972a; Kebabian et al., 1972;
Miller and Iversen, 1974), activator-stimulated phosphodiester-
ase (Uzunov ef al., 1974; Weiss et el, 1974; Levin and Weiss,
1976) and adenosine triphosphatase (Medzchrodsky et al., 1975,
Pang and Briggs, 1976; Gubitz et al., 1977). U nfortunately, there
has been great difficulty in establishing whether these or any
other hiochemical actions of antipsychotics are related to their
clinical antipsychotic effects. Nevertheless, the potent action of
neuroleptics on cyclic nucleotide metabolism has stimulated a
great deal of interest in the relationship that may exist between
the clinical effects of these compounds and the intracellular
concentration of cyclic nucleotides. In an attempt to determine
the reason why antipsychotics have such varied biochemical
actions and in the hope of learning more about the possible
relationship between schizophrenia and cyclic nucleotides, we
have been studying the mechanism by which antipsychotic
agents inhibit the adenylate cyclase and phosphodiesterase
systems.
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In previous reports we demonstrated that the phenothiazine,
trifluoperazine, binds to homogenous samples of a heat-stable,
calcium-dependent activator of phosphodiesterase at two dis-
tinct sets of sites: high-affinity calcium-dependent binding sites
(Kq = 1 pM; 2 binding sites per molecule of activator) and low-
affinity calcium-independent sites (Kq = 5 mM; approximately
24 sites) (Levin and Weiss, 1977}

Studies of the binding of trifluoperazine to a number of
proteins including several calcium binding proteins showed that
the calcium-dependent binding of the phenothiazine was selec-
tive for the activator (Levin and Weiss, 1977, 1978).

In this study we report that the high-affinity, calcium-depen-
dent binding to activator is a general property of clinically
effective antipsychotic compounds and that the affinity of these
compounds for activator is directly related to their ability to
inhibit phosphodiesterase activation,

Methods

Binding studies. The equilibrium dialysis procedure was essentially
as described previously (Levin and Weiss, 1377). Briefly 500 pl of
activator (33 pg/ml) were dialyzed for 18 hr at 4°C in a bath containing
20 ml of 5 mM Tris-HCL, pH 7.0, 1 mM Mg** and either 0.1 mM Ca™*
or 0.3 mM ethylenebis (oxyethylenenitrilo) tetraacetic acid (EGTA)




















