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Modulation of Cocaine Self-Administration in the
Rat Through D-3 Dopamine Receptors

S. Barak Caine* and George F. Koob

The reinforcing properties of cocaine are probably mediated by the mesocorticolimbic
dopamine pathways in the central nervous system, but not all of the dopamine receptor
subtypes involved in cocaine’s reinforcing actions have been clearly identified. Recently,
the D-3 receptor has been cloned, and its distribution in the brain has been found to be
relatively restricted to limbic projections of the midbrain dopamine system. The D-3-
selective compounds 7-hydroxy-N, N-di-n-propyl-2-aminotetralin (7-OHDPAT) and quin-
pirole potently decreased cocaine self-administration in the rat at doses that were not by
themselves reinforcing. Moreover, three dopamine receptor agonists had affinities for
binding to the D-3 receptor that correlated highly with their relative potencies in decreasing
cocaine self-administration. The D-3 receptor may be involved in the reinforcing effects of
cocaine and may be a useful target for the development of new pharmacotherapies for

cocaine abuse.

It has been hypothesized that cocaine pro-
duces its reinforcing properties by inhibit-
ing dopamine reuptake and thereby poten-
tiating dopaminergic neurotransmission
(1). Lesion studies have shown that cocaine
self-administration in the rat depends on an
intact mesocorticolimbic dopamine system
(2). The recent identification of at least five
dopamine receptor subtypes (3-5) with dis-
tinct molecular and pharmacological prop-
erties, as well as different anatomical distri-
butions, provides a means for the evalua-
tion of the relative contribution of these
subtypes in cocaine reinforcement.

The paucity of highly selective ligands for
dopamine receptor subtypes makes the unam-
biguous determination of the function of these
subtypes in cocaine self-administration diffi-
cult (6). However, the recently developed
D-3-selective compound 7-OHDPAT binds
to D-3 receptors with an affinity of <1 nM

and has a lower (weaker) affinity for other

subtypes (about 102-, 10°-, and 10*-fold lower
affinity for D-2, D-4, and D-1 receptors,
respectively) (7). Quinpirole has approxi-
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mately equal affinity for D-3 and D-4 receptors
and has about 100-fold and 3000-fold lower
affinity for D-2 and D-1 receptors, respectively
(7, 8). Apomorphine has high affinity for D-4
receptors, about 10-fold lower affinity for D-3
and D-2 receptors, and 100-fold lower affinity
for D-1 receptors (7, 8). Using these three
dopamine agonists, we investigated the ability
of D-3 receptors to modulate cocaine self-
administration in the rat.

Male Wistar rats were implanted with
long-term jugular catheters and trained to
self-administer cocaine intravenously in
daily 3-hour sessions (9). Once baseline
rates of cocaine self-administration were
established, various doses of dopamine ag-
onists were combined with cocaine in the
self-administration syringe (9). All of the
dopamine agonists, when self-administered
in combination with cocaine, reduced co-
caine intake by producing an increase in
the interval between injections without
disrupting self-administration (Fig. 1). This
is interpreted as an enhancement of co-
caine’s reinforcing effects because an in-
crease in the dose of cocaine produces the
same effect (10). The relative potencies of
the various agonists to decrease cocaine
self-administration were calculated from



the graded dose-response data according to
standard pharmacologic calculations (I11);
these potencies were linearly related to the
inhibition constant K; of these agents for
the D-3 receptor (r = 0.99, P < 0.05) (7,
12). However, no such relation was ob-
served between the relative potencies of
these compounds to reduce cocaine self-
administration and their K, values for the
D-2, D-1, or D-4 receptor (7, 8, 13).

When substituted for cocaine, each ago-
nist also maintained self-administration
alone (Fig. 2) with a dose-effect curve
shaped like an inverted U, which is char-
acteristic of drug self-administration (10,
14). Apomorphine self-administration has
been reported in rats (2, 15), and self-
administration studies in primates have
shown that apomorphine and quinpirole
function as positive reinforcers in these
species as well (16).

The dose-related self-administration of
dopamine agonists in this study revealed a
striking difference between the effects of
apomorphine and the more selective D-3
agents. The effects of apomorphine on
cocaine self-administration appeared to be
simply additive because apomorphine (16
pg) given in combination with cocaine
(0.25 mg) decreased the number of self-
injections by approximately half, much
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Fig. 1. (A) Effects of D-3 agonists on cocaine
self-administration. Solid symbols indicate doses
significantly different from zero by independent
comparison (P < 0.01, Dunnett's t) (27). The
7-OHDPAT (n = 7) and quinpirole (n = 5) were
tested in separate naive subjects, but three ani-
mals from these studies were subsequently test-
ed with apomorphine (n = 5). (B) The self-admin-
istration records for animal 2. Each mark indicates
delivery of a cocaine infusion (0.25 mg of cocaine
with 0 to 4 g of 7-OHDPAT) after completion of
five lever responses. In all cases, two priming
injections were delivered immediately before the
session. Animal 2 was representative, except at
the highest dose of 7-OHDPAT where two animals
self-administered only four injections of cocaine.

the same as a double dose of either sub-
stance (32 wg of apomorphine or 0.5 mg of
cocaine) when self-administered alone
(17). In contrast, a dose of 7-OHDPAT (4
pg) that reduced cocaine self-administra-
tion by approximately half was not reliably
self-administered, and a 32-fold higher
dose was required to produce patterns of
self-administration that resembled cocaine
self-administration patterns (Figs. 1 and 2)
(18). A similar discrepancy between the
ability to reduce cocaine self-administra-
tion and the reinforcing properties of low
doses of quinpirole was observed (19).
Thus, the data presented here suggest that
D-3—selective dopamine agonists reduce
cocaine self-administration at doses of
these agents that are not by themselves
reinforcing.

In contrast to its effects on cocaine
self-administration, 7-OHDPAT (4 to 16
pg) did not alter apomorphine self-admin-
istration even at a dose fourfold higher than
that which decreased cocaine self-adminis-
tration by 61% (20). The ability of low
doses of 7-OHDPAT to decrease the self-
administration of cocaine but not apomor-
phine may be related to the different mech-
anisms that mediate the reinforcing proper-
ties of cocaine and apomorphine. Cocaine
acts as an indirect dopamine agonist by
preventing the reuptake of dopamine into
dopaminergic nerve terminals, and selec-
tive destruction of those terminals abolishes
cocaine self-administration (2). However,
apomorphine directly stimulates dopamine
receptors, and self-administration of apo-
morphine has been shown to be indepen-
dent of presynaptic dopaminergic elements
(2). Thus, D-3—selective dopamine agonists
may interact presynaptically to enhance
cocaine’s reinforcing properties. This 1is
consistent with observations that dopami-
nergic neurons express D-3 receptors (4)
and that D-3—preferential antagonists have
often been categorized as autoreceptor-se-
lective in electrophysiological, biochemi-
cal, and behavioral studies (21).

QOur understanding of the role of D-3
receptors in cocaine reinforcement is hin-
dered by the absence of highly selective
D-3 receptor antagonists. The most pref-
erential D-3 antagonists available, UH232
and AJ76, have only a fourfold selectivity
for D-3 over D-2 receptors (7). Pretreat-
ments with low doses of UH232 (1.25 to
10 mg per kilogram of body weight, sub-
cutaneously) produced a small but dose-
dependent increase in cocaine self-admin-
istration in six animals (22). This relatively
weak antagonism of cocaine’s reinforcing
properties is in agreement with findings that
these compounds do not attenuate the dis-
criminative stimulus properties of cocaine
23).

In comparison to other dopamine recep-
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Fig. 2. (A) Self-administration of 7-OHDPAT,
quinpirole, and apomorphine (n = 3 for each
test; one subject was tested with both 7-OHD-
PAT and quinpirole, and one was tested with all
three agonists). For each of the agonists, the
lowest dose (4 to 8 wg) maintained robust
self-administration in only one animal out of the
three tested (74). (B) The self-administration
records for animal 20 as in Fig. 1B, except that
each mark indicates delivery of an infusion of
7-OHDPAT only (0 to 128 pg).

tor subtypes, D-3 receptors are distin-
guished by an unusually high affinity for
dopamine and a discrete localization within
“limbic” dopaminergic projection areas as-
sociated with emotional, cognitive, and
endocrine functions (7). The appreciable
densities of D-3 receptors in the ventral
striatum, where dopamine is implicated in
cocaine reinforcement (2), and lack of D-3
receptors in the dorsal striatum, where do-
pamine modulates motor functions (24),
suggest that D-3 agents may modulate co-
caine intake without producing the motor
side effects associated with other dopami-
nergic compounds (25). Comparisons of
recent treatments for cocaine abuse indi-
cate that medications that diminish cocaine
use and craving without producing depen-
dence or addictive use patterns themselves
hold more promise than efforts to block the
effects of cocaine (26). The observation
that D-3-selective dopamine agonists de-
crease cocaine self-administration at doses
that are not reliably self-administered
themselves is consistent with this strategy
and suggests that the D-3 receptor may be a
useful target for new pharmacotherapies for
cocaine abuse.
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Molecular Cloning of an Apolipoprotein B
Messenger RNA Editing Protein

BaBie Teng, Charles F. Burant, Nicholas O. Davidson*

Mammalian apolipoprotein B (apo B) exists in two forms, each the product of a single
gene. The shorter form, apo B48, arises by posttranscriptional RNA editing whereby
cytidine deamination produces a UAA termination codon. A full-length complementary
DNA clone encoding an apo B messenger RNA editing protein (REPR) was isolated from
rat small intestine. The 229-residue protein contains consensus phosphorylation sites
and leucine zipper domains. HepG2 cell extracts acquire editing activity when mixed with
REPR from oocyte extracts. REPR is essential for apo B messenger RNA editing, and
the isolation and characterization of REPR may lead to the identification of other

eukaryotic RNA editing proteins.

Apolipoprotein B is a critical structural
component of circulating lipoproteins and
a major etiologic factor in atherosclerosis
susceptibility (I). The liver synthesizes a
550-kD form of apo B, apo B100, whereas
a smaller form, apo B48, is produced from
the small intestine by posttranscriptional
editing of a CAA (glutamine) to a UAA
(stop) codon in apo B mRNA (2, 3). The
truncated apo B48 protein lacks the recep-
tor-binding domains for low-density lipo-
protein present in apo B100 and is there-
fore catabolized by a different receptor
pathway (4, 5). Intestinal apo B mRNA
editing is developmentally regulated in
humans and other mammals (6-8) and
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appears to be mediated by a protein factor
or factors that are sequence-, tissue-, and
species-specific (9-18).

We developed a functional complemen-
tation assay for apo B RNA editing on the
basis of our recent observation (18) that
chicken enterocyte S100 extracts enhance
in vitro editing of mammalian apo B RNA
(Fig. 1) in spite of the fact that chicken apo
B mRNA is not itself edited. Rat intestinal
polyadenylated [poly(A)*] RNA was size-
fractionated by sucrose gradient ultracentrif-
ugation (19) and injected into Xenopus
oocytes. One fraction (fraction 4, Fig. 1)
yielded editing activity in oocyte extracts, a
function dependent on the addition of
chicken enterocyte S100 extract. This func-
tionally active mRNA fraction was used to
construct a plasmid cDNA library that con-
tained ~1 X 10° cDNA clones. Screening





