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RECEPTOR SUBTYPE-SPECIFIC DOPAMINERGIC AGENTS
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Agonists and antagonists specific for the D1 or D2 dopamine (DA) receptor
subtypes influence unconditioned behavior. D1 agonists given systemically in-
crease locomotor activity and grooming; increased activity also follows central
administration to structures including the nucleus accumbens. D2 agonists
given systemically produce pronounced increases in locomotor activity and
stereotypy; intra-accumbens injections also enhance activity. Doses of D1 and
D2 agonists that are ineffective when given alone produce locomotor increases
when given together showing a synergism of effect for the two receptor sub-
types. D1 and D2 antagonists decrease locomotor activity, induce catalepsy and
antagonize the stimulant effects of nonspecific DA agonists. D2 antagonists
block the stimulant effects of D1 or D2 agonists and D2 antagonists block the
stimulant effects of D2 or D1 agonists. In animals acutely depleted of DA,
stimulation of both D1 and D2 receptors appears necessary to produce behavio-
ral effects. In DA supersensitive rodents, either D1 or D2 agonists produce
behavioral effects. In DA supersensitive primates, however, D2 but not Dl
agonists reverse deficits in locomotor activity. It is concluded that stimulation
of both DI and D2 receptors is necessary to produce behavioral effects in
normosensitive animals. In DA denervated, supersensitive animals, this DA
receptor subtype interdependence appears to be lost.

The neurotransmitter dopamine (DA) has a widespread distribution within
the mammalian central nervous system [19]. There are at least two subtypes of
receptors for this transmitter and Kebabian and Calne [75] have categorized the
receptors as D1 and D2; the D1 receptor stimulates the enzyme adenylate
cyclase, whereas the D2 receptor is either unrelated to, or in some areas of the
brain inhibits, this enzyme!?.:

*correspondence
This paper was presented at the first Polish-Swedish Symposium on Structure and Function in
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Currently, DA neurotransmission is implicated in at least two behavioral
functions: unconditioned motor activity and reward-related learning [13]. Nu-
merous studies have demonstrated that enhanced dopaminergic transmission
results in a general increase in locomotor activity and stereotypy, while a dec-
rease in DA transmission results in hypomotility and catalepsy [33]. The integ-
rity of DA neurotransmission also appears necessary for the acquisition and
maintenance of learning that is governed by rewarding stimuli [13, 14, 159].
Over the past several years the introduction of pharmacological compounds
that are relatively specific for DA receptor subtypes has led to the evaluation of
the possible contribution of D1 and D2 receptors to behavioral phenomena
previously-found to involve DA neurotransmission (for reviews see Refs. 30, 71,
74, 111, 153, 154). In this paper, studies which examined the effects of D1 and
D2 receptor subtype-specific pharmacological agents on unconditioned beha-
viors will be reviewed. Studies examining the role of DA receptor subtypes in
reward-related learning have recently been reviewed in other papers [15, 18].

Drugs that preferentially stimulate either the D1 or D2 receptor have been
found to influence unconditioned locomotor activity. A precise summary of
these studies is difficult because of the wide variety of behavioral dependent
measures employed. For example, some studies speak of agonist effects on
locomotor activity as assessed with automated activity chambers while others
report stereotypy ratings. The stereotypy ratings, however, freq:ently involve
a range of activity including increased locomotion at the lower end and in-place
activities such as sniffing and gnaving at the upper end. The degree to which
automated measures of locomotor activity and various rating scales assess the
same behaviors is difficult to determine [16, 92]. A similar problem exists for
DA receptor antagonists wherein the amount of overlap between hypoactivity,
as assessed by automated, measures, and catalepsy, as determined by experimen-
ter observations, is again unclear. Finally, other unconditioned behaviors
influenced by DA include yawning, repetitive opening and closing of the mouth
and perioral movements. Again, the similarity among these dependent variables
is not known and it is not known if they are the same or independent responses.
Nevertheless, it is possible to summarize the effects of receptor-subtype specific
DA drugs on unconditioned behavior if it is assumed that various dependent
measures, for example catalepsy and reduced locomotion, are related.

D1 AND D2 AGONISTS

D1 Agonists: Unlike nonspecific DA agonists (e.g., amphetamine or apomo-
rphine) which stimulate locomotor activity and induce stereotypy in rats [32,
143], the D1-specific agonist SKF 38393 has been reported to be without effect
[128]. However, recent studies have shown that in well-habituated animals SKF
38393 did stimulate sniffing and locomotion, although the effect was smaller
than that seen with amphetamine or apomorphine [16, 93, 96, 98, 100]. Further-
more, the stimulant effect was shown to be stereoselective; suggesting that the
R-enantiomer was the active form of the drug [96, 98]. Recently we have carried
out an extensive analysis of the effects of SKF 38393 on horizontal and vertical
activity during 4 h sessions in photocell-equipped activity monitors and found
dose-dependent stimulation of both activities (Fig. 1). SKF 38393 has also been
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Fig. 1. Dose-response curves illustrating mean (£ SEM) horizontal and vertical activity following
administration of (+)-amphetamine, SKF 38393 or quinpirole. For each drug, 12 rats that had
previously been habituated to the testing environment were treated (ip) with all doses in a random
order. Sessions in automated chambers assessing horizontal and vertical activity were 4 h in
duration and occurred 48 apart. (+)-Amphetamine (vehicle (V), 0.01, 0.1, 0.25, 1.0, 2.0 and 4.0
mg/kg). quinpirole (V, 0.01, 0.1, 0.5. 1.0, 2.5 and 5.0 mg/kg) and SKF 38393 (V. 0.1. 0.4. 1.0. 4.0,
10.0 and 40.0 mg/kg) doses have been transformed (log of moles/kg) to facilitate comparisons
' among drugs

reported to produce desynchronization of electroencephalographic (EEG) ac-
tivity in rats and rabbits, a physiological measure of arousal similarly affected
by nonspecific DA agonists [114, 116, 117]. It has been suggested that the
desynchronized EEG is reflective of behavioral activation [95].

Many studies have reported that SKF 38393 stimulates grooming behavior
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in rodents [9, 23, 46, 86, 93a, 100, 116, 134, 135, 136, 155]. Fletcher and Starr
[46] reported decreased locomotion, rearing and head-dipping in a holeboard
apparatus following SKF 38393 in brief (7.5 min) sessions; as they also noted
increased grooming, it is possible that this behavior competed with the other
activities during the brief test sessions. Perhaps grooming and locomotor re-
sponses follow a different time course, and had longer sessions been utilized,
a stimulant effect may have emerged. Researchers have reported no effect of
SKF 38393 on yawning behavior [85, 129a, 133, 160]; however, SKF 38393 did
block yawning induced by low doses of apomorphine [161]. Finally, SKF 38393
has been found to produce increased opening and closing of the mouth or
tremulous oral movements [69, 81, 127, 128]. ] _

Some studies have investigated the possible site of action of SKF 38393 by
examining the behavioral effects of unilateral or bilateral microinjections into
DA innervated structures. Contralateral rotation, an index of locomotor stimu-
lation, was reported when. SKF 38393 was injected unilaterally into the zona
reticulata of the substantia nigra, an effect similar to that observed with am-
phetamine or DA [11, 66]. In the frontal cortex, however, amphetamine produ-

“ced contralateral circling [139] whereas SKF 38393 was without significant
effect [17]. Bilateral microinjections of SKF 38393 into the nucleus accumbens
produced a dose-dependent and long-lasting increase in coordinated forward
locomotion [38]. The D1 agonist CY 208 — 243 also enhanced locomotion when
injected into the nucleus accumbens but the magnitude (and duration) of the
effect was considerably less than that observed with SKF 38393 [38]. Thornton
et al. [140] microinjected SKF 38393 into the habenula nucleus of rats and
observed enhanced rearing and locomotion. Finally, bilateral ventral striatal
injections of the DI agonist fenoldopam produced a moderate increase in
sniffing and only a small increase in locomotion and grooming [21].

In summary, it appears that pharmacological activation of the D1 receptor
with systemic injections of D1 agonists leads to increased locomotor activity.
The effect is not as strong as that seen following the nonspecific DA agonists,
and 1s typically seen only in well-habituated animals. However, unlike systemic
administration, intracranial microinjections of the DI agonist SKF 38393,
particularly into the nucleus accumbens, produced marked and prolonged in-
creases in locomotor activity. The substantia nigra pars reticulata as well as the
habenula nucleus may also be involved in the locomotor stimulant effects of D1
agonists. In addition to locomotor stimulation, grooming and small perioral
movements are seen with systemic administration of DI agonists. Stereotyped
behaviors, like those observed following nonspecific DA agonists, have not
been reported; however increased sniffing was observed following microinjec-
tion of SKF 38393 into the ventral striatum.

D2 Agonists: In general, systemically administered selective D2 agonists are
more potent and efficacious in stimulating locomotor activity than D1 agonists.
Increased locomotor activity has been reported following administration of the
D2 agonist bromocriptine in mice [70] and rats [60, 93]. Similar effects have been
seen with the D2 agonists, LY 141865 [16], its active isomer, quinpirole (pre-
Viously LY 171555) [9, 23, 39, 40, 69, 86, 155], (+)-4-propyl-9-hydroxynaph-
thoxazine (PHNO) [89, 90] or RU 24213 [91, 96, 123, 135, 136]. In agreement

5 with these findings, we have found that quinpirole increased horizontal and
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. yertical activity in a dose-related manner (Fig. 1). Stereotypy also has been

reported following administration of bromocriptine [67, 70, 93], quinpirole [93a,
114, 155, 156], (—)N-0437 [151} or RU 24213 [91, 93a, 96, 123, 155]. However,
at least in the case of quinpirole, the stereotypy response was qualitatively
dissimilar to that induced by nonselective DA agonists {39, 155].

Injection of the D2 agonists quinpirole, BHT 920, (+)3PPP, (—)N-0437 or
bromocriptine produced yawning [85, 129a, 133, 141, 145, 146, 160]. Recently,
Ushijima and colleagues [144] showed that the frequency of bromocripti-
ne-induced yawning was lower in 12-month-old than in 2-month-old rats. The
effects of D2 agonists on grooming, a prominent behavioral effect of Dl
stimulation, are equivocal; it has been reported that quinpirole had little effect
[23], RU 24213 decreased grooming [134] and quinpirole or RU 24926 increased
grooming [155]. Like receptor-nonselective and D1 agonists, quinpirole produ-
ced EEG desynchronization in the rabbit [114, 117}

Researchers investigating the possible site of action of D2 agonists in media-
ting locomotion and stereotypy have microinjected them into DA innervated .
structures. It was found that unilateral injections of quinpirole into the pars
reticulata of the substantia nigra induced ipsilateral rotation [11]. As SKF
38393, DA or amphetamine produced contralateral rotation when injected into
this structure [11, 66] and DA into the striatum also produced contralateral
rotation [72], it may be that ipsilateral rotation seen following intranigral
quinpirole resulted from an inhibition of DA release on the injected side. In the
frontal cortex, LY 141865 or quinpirole, like amphetamine, produced con-
tralateral circling [17, 139]. Bilateral intraaccumbens injections of quinpirole
produced a small entiancement of locomotor activity [38]; injections into the
habenula nucleus produced a significant decrease in grooming and locomotion,
but only at the middle dose [140]. Finally, ventral striatal injections of quin-
pirole increased sniffing and oral behaviors (licking, chewing and/or biting) [21].

In summary, systemic administration of D2 agonists seems to produce
stimulant effects on behavior similar to, although possibly weaker than, those
seen following treatment with nonselective DA agonists. D2 agonists also pro-
duce yawning but their effects on grooming are unclear. Intracranial microinjec-
tion studies have revealed that the motoric effects of D2 agonists may be at least
partially due to D2 receptor stimulation in the frontal cortex and nucleus
accumbens, although many sites still need to be investigated. Interestingly, the
D2 agonist quinpirole produced only a small increase in locomotor activity
when injected into the nucleus accumbens; this is somewhat surprising given the
role of this structure in the locomotor stimulant effects of nonselective agonists.
The increased sniffing produced by D2 agonists may be mediated, at least in
part, by D2 receptor stimulation in the ventral striatum.

D1 and D2 Agonists in Combination: A number of researchers have reported
synergistic behavioral effects of combined treatment with D1 and D2 agonists.
Treatment with doses of each compound that failed to produce significant
effects when given alone led to an effect when given together. Thus, co-injection
of the D1 agonists SKF 38393, SKF 75670 or Lu 24—040 and the D2 agonists
bromocriptine, quinpirole, RU 24213 or RU 24926 has been reported to produ-
ce oral stereotypies or stereotyped behavior in rats and locomotor activity or
climbing in mice [9, 36, 62, 63, 65,91, 93a, 101, 152, 155, 156]. It is interesting to
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note that administration of a D1 and D2 agonist produced behavioral response
almost indistinguishable from that of apomorphine [155].

Synergistic effects have also been observed when D1 and D2 agonists are
injected intracerebrally. A synergistic effect on locomotor activity occurred
when quinpirole and SKF 38393 were locally applied to the nucleus accumbens
of rats [121]. Similarly, infusions of quinpirole and the D1 agonist fenoldopam
into the ventral striatum of rats resulted in markedly enhanced sniffing and
paw-nibbling [21]. Low doses of SKF 38393 also potentiated yawning produced
by quinpirole or bromocriptine [133, 145]. Microinjections of a D1 or D2
agonist into the ventral striatum increased jaw movements in ketamine-anes-
thetized .rats; a synergistic effect on jaw movements was observed when low
doses of each agonist were injected concurrently [78].

In a recent study, Martin-Iverson et al. [89] found that animals receiving
chronic infusions of the D2 agonist PHNO eventually showed tolerance to the
stimulant effects during the daytime but not during the nighttime when they
were normally more active. They further observed that injections of the D1
agonist SKF 38393 during the daytime reversed the apparent tolerance to the
stimulant effects of PHNO. They suggested that daytime tolerance may have
been related to the effects of PHNO on presynaptic D2 receptors leading to
a decrease in the endogenous release of DA; as endogenous release is significan-
tly higher during the night, this effect may not have occurred at that time. As
stimulation of both D1 and D2 receptors may be necessary for the observation
of DA-mediated behaviors in intact animals (see below), the large decrease in
endogenous DA produced by PHNO during the daytime may have led to a loss .
of stimulation of D1 receptors and therefore apparent tolerance to the stimulant
effects of PHNO at postsynaptic D2 receptors [89]. From this point of view the
reversal of daytime tolerance to PHNO by SKF 38393 can be understood.

Further support for this hypothesis was recently provided [136]. These
researchers found that low presumably presynaptic doses of apomorphine or
the D2 agonist RU 24213 produced decreases in the locomotor activity of mice.
This effect was reversed by SKF 38393 in a dose that was by itself ineffective.
'According to the reasoning of Martin-Iverson et al. [89], the decrease in en-
dogenous DA release resulting the from stimulation of presynaptic D2 receptors
may have led to a loss of stimulation of D1 receptors, having lower affinity than
D2 receptors, and therefore a decrease in locomotor activity. Injection of the D1
agonist may have reinstated stimulation of these receptors and behavior retur-

ned to normal levels.

D1 AND D2 ANTAGONISTS

D1 Antagonists: These compounds, like nonselective DA receptor blockers,
produced decreases in locomotor activity and induced catalepsy. Thus, dec-
reased activity has been reported following administration of the D1 antagonist
SCH 23390 [29, 34, 46, 57,59, 134, 135]. Recently, we have observed similar
effects of SCH 23390 on horizontal and vertical activity (Fig. 2).

~ SCH 23390 has been found to antagonize the stimulant effects of apomorp-
hine or amphetamine on locomotor activity and stereotypy [3, 22, 29, 34, 50, 61,
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Fig. 2. Dose-reponse curves illustrating mean (+ SEM) horizontal and vertical activity following

administration of haloperidol, SCH 23390 or metoclopramide. Twelve rats were treated with each

drug (see Figure 1 caption for procedure). Haloperidol (vehicle (V), 0.001, 0.01,0.1,0.3,1.0and 3.0

mg/kg, ip), SCH 23390 (0, 0.001, 0.01, 0.05, 0.1, 0.5 and 1.0 mg/kg, sc) and metoclopramide (0, 0.01,

0.05, 0.1, 0.5, 5.0, 10.0 and 25.0 mg/kg ip) doses have been transformed to facilitate comparisons
among drugs

86, 88, 90, 148, 152]. SCH 23390 also antagonized the stimulant effect of the DA
agonist DP-5,6-ADTN [58] and of the opiate agonist morphine [84]. The DI
antagonist SKF 83566 produced a similar effect on apomorphineinduced stere-
otypy [99]. Finally, SCH 23390 also decreased apomorphine-induced yawning
[104, 129a] and blocked the EEG desynchronization produced by apomorphine
or L-DOPA [114, 115]. ,

- D1 receptor antagonists have been shown to block the effects of D1 or D2
receptor-specific agonists. Thus, SCH 23390 antagonized sniffing and locomo-
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tion [97, 98] and EEG desynchronization [114, 116, 117] produced by SKF
38393. SCH 23390 also antagonized SKF 38393-induced grooming [46, 97, 117].
Furthermore, the decreased activity reported by Fletcher and Starr [46] fol-
lowing SKF 38393 (see section on D1 Agonists) was reversed by DI receptor
blockade. Increases in locomotor activity, climbing or stereotypy following D2
agonists were also blocked by SCH 23390 [5, 26, 86, 90, 96, 114, 117, 123, 155,
162] or by the D1 antagonist, R-SKF 83566 [96, 99]. SCH 23390-induced
catalepsy was reversed by a D2 agonist [99]. SCH 23390 also blocked yawning
produced by D2 agonists [85, 129a, 146] and antagonized oral stereotypies or
climbing behavior seen after the co-administration of a D1 and D2 agonist [9,
101]. SCH 23390 blocked the locomotor stimulant effects of bromocriptine plus
SKF 38393 observed in mice acutely treated with the catecholamine synthesis
inhibitor alpha-methyl-p-tyrosine (AMPT) [65]. However, SCH 23350 failed to
block EEG desynchronization following quinpirole [114, 117].

Intracerebral microinjections have been utilized to localize brain regions
involved in the behavioral effects of SCH 23390. Bilateral microinjections of
SCH 23390 into the nucleus accumbens decreased spontaneous locomotor ac-
tivity [121]; similar injections into either the ventral striatum or nucleus accum-
bens reduced the locomotor stimulant effect of apomorphine [3]. Consistent
-with these findings, it was shown that unilateral injections of SCH 23390 into
the ventral striatum produced ipsilateral turning in rats following a systemic
injection of apomorphine or methamphetamine [79]. Catelepsy was observed
when SCH 23390 was injected into the striatum, nucleus accumbens or globus
pallidus [49, 118] but not the ventromedial thalamus, cerebral cortex overlying
the striatum, substantia nigra pars reticulata, ventral tegmental area, superior
colliculus, periaqueductal gray or habenula [49]. Finally, intravenous apomorp-
hine induced jaw movements in ketamine-anesthetized rats; these movements
were reduced when SCH 23390 was locally applied to the ventral but not dorsal
striatum [78, 80].

In summary, D1 antagonists appear to possess the same properties as
nonselective DA receptor blockers. They decrease locomotor activity, induce
catalepsy, and antagonize the stimulant effects of nonspecific DA agonists. As
expected, they antagonize the behavioral effects of D1 agonists but, perhaps
surprisingly, D1 antagonists also block most of the behavioral effects associated
with D2 agonists. This latter finding suggests that stimulation of both D1 and
D2 receptors is necessary for the observation of behavioral effects mediated by
DA. Finally, preliminary evidence suggests that the nucleus accumbens and
striatum as well as the globus pallidus may be important areas involved in the
cataleptic and motor suppressant effects of SCH 23390.

D2 Antagonists: We have found that the D2 antagonist metoclopramide produ-
ced decreases in horizontal and vertical activity (Fig. 2), results in good agreement
with those seen with other D2 antagonists [29, 147]. Several D2 antagonists induced

_catalepsy in rats or mice [1, 29, 42, 53, 76, 77, 112, 113, 147]. Furthermore,
the stimulant effects of apomorphine or amphetamine were antagonized
by the D2 antagonists metoclopramide, sulpiride, clebopride, raclopride, remo-
xipride, eticlopride, sultopride and YM 09151 —23, 37, 53, 68, 83, 87, 113, 122,
125, 126, 147, 148, 152]. Sulpiride inhibited behavioral activation but not EEG
activation following L-DOPA in rabbits [115]. Sulpiride also antagonized apo-
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morphine-induced yawning [129a]. Finally, Rosengarten et al. [127] found that
sulpiride, like a D1 agonist, led to an increase in perioral movements.

As was the case for DI antagonists, D2 antagonists block some of the
behavioral effects of D1 or D2 agonists. Thus, the D2 antagonists Ro 22 — 2586,
metoclopramide or sulpiride blocked increases in locomotor activity, climbing
or stereotypy observed following D2 receptor stimulation [96, 115, 123, 162].
Sulpiride blocked yawnig following D2 receptor stimulation [85, 129a, 146,
160]. Similarly, locomotor activity and rearing following D1 receptor stimula-
tion were also decreased by metoclopramide or Ro 22—2586 [96, 98] and the
increase in activity following intra-accumbens injections of SKF 38393 was
blocked by systemic treatment with spiperone [38]. However, D2 receptor bloc-
kade failed to antagonize D1 receptor-stimulated grooming [97]. Finally, the D2
receptor blockers YM 09151 —2 or clebopride antagonized oral stereotypies or
climbing behavior seen after the co-administration of a D1 and D2 agonist [9,
101].

Several investigators have been interested in localizing the site of action of
D2 antagonists. Costall and Naylor [32] showed that the stimulant effects of
DA applied bilaterally to the caudate-putamen, nucleus accumbens or olfactory
tubercle were antagonized by sulpiride; metoclopramide produced similar ef-
fects but failed to block the nucleus accumbens effect. The latter finding is
surprising considering that bilateral microinjections of metoclopramide into the
nucleus accumbens of rats reduced spontaneous locomotion [121] and blocked
locomotor hyperactivity induced by peripheral administration of apomorphine
[107]. Arnt [3] showed that bilateral microinjection of (—)-sulpiride or YM
09151-2 into the ventral striatum or nucleus accumbens, but not into a number
of other DA-innervated structures, reduced the locomotor stimulant effects of
apomorphine. Intra-accumbens injections of raclopride also decreased explora-
tory activity as well as hyperactivity and rearing produced by intra-accumbens
injections of amphetamine [149]. Looking at the effects of unilateral central
injections.of D2 antagonists in animals treated peripherally with amphetamine
or apomorphine, it has been found that intrastriatal metoclopramide [120] or
intrafrontocortical metoclopramide or sulpiride produced ipsilateral rotation in
rats [105, 106, 139].

Similarly, ventral but not dorsal striatal injections of sulpiride or YM
09151 —2 produced ispilateral circling in response to a systemic injection of
apomorphine or methamphetamine [79]. Intrafrontocortical cocaine produced
contralateral turning that was antagonized by co-administration of sulpiride
[106]. Catalepsy has also been observed following microinjections of sulpridie
into the ventro-rostral striatum and to a lesser extent the nucleus accumbens
[118]. Finally, ventral striatal injections of sulpiride and YM 09151 —2 blocked
jaw movements induced by systemic apomorphine in ketamine-anesthetized
rats [78, 79]. Together, these data point to the importance of the ventral
striatum, nucleus accumbens and frontal cortex in mediating the motor suppres-
sant and cataleptic effects of D2 antagonists.

In summary, D2 receptor blockade produces behavioral effects similar to
those seen after treatment with nonselective DA antagonists. Thus, it decreases
locomotor activity, induces catalepsy, and antagonizes the stimulant effects of
DA agonists. As expected, it antagonizes the behavioral effects of D2 agonists;
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D2 receptor blockade also blocks most of the behavioral effects of D1 agonists
with the exception of grooming and, in the case of small perioral movements,
D2 blockade appears to produce the same effects as a D1 agonist. Again, these
data suggest that, with the exception of grooming and perioral movements,
both D1 and D2 stimulation may be necessary to observe behavioral effects
mediated by DA. Although the evidence is still preliminary, it appears that the
nucleus accumbens, ventral striatum and frontal cortex are important target .
areas for the motor suppressant and cataleptic effects of D2 antagonists.

D1 and D2 Antagonists in Combination: A number of researchers have
reported synergistic behavioral effects of combined treatment with D1 and D2
antagonists. Treatment with doses of each compound that failed to produce
significant effects when given alone led to an effect when given together. Thus,
the combined administration of a D1 antagonist with a D2 antagonist produced
catalepsy [119, 142], suppressed locomotion and rearing [28, 35] and produced
marked synchronized EEG activity [20]. Combined administration of selective
antagonists also blocked apomorphine-induced stereotypy and quinpirole-in-

duced hyperactivity [35].

D1 AND D2 AGONISTS IN ANIMALS ACUTELY DEPLETED OF DA

A number of studies have examined the possible consequences of acute
treatments with DA depleting drugs on the behavioral effects of D1 or D2
agonists. Mice or rats treated with the catecholamine synthesis inhibitor AMPT
or a combination of AMPT and the granule depletor reserpine did not exhibit
the usual behavioral responses to SKF 38393 or the D2 agonists bromocriptine,
quinpirole or B-HT920, presumably as a result of reduced endogenous DA
levels stimulating the alternate receptor [23, 38, 55, 62, 63, 64, 65,67, 70, 86, 137,
155, 156, 162). Recently, Ushijima et al. [144] reported this effect of AMPT plus
reserpine on bromocriptine-induced yawning in young (2 month-old), but not
12 month-old rats suggesting that it may be age-dependent. There was another
exception; grooming produced by injection of the D1 agonist SKF 38393 was
not antagonized by acute treatments with AMPT plus reserpine [65]. Co-treat-
ment with a D1 and D2 agonist in catecholamine-depleted animals was seen to
be effective in restoring locomotor activity and/or stereotypy [12, 23, 38, 58, 62,
63, 65, 86, 129, 137, 138, 155, 156] and this effect was blocked by either SCH
23390, sulpiride or spiperone [57, 129].

From these data it appears that stimulation of both DA receptor subtypes is
necessary to produce behavioral effects. The one exception to this pattern is
grooming stimulated by SKF 38393; apparently it did not require the stimula-
tion of D2 receptors by endogenous DA as it was unaffected by combined
injections of AMPT and reserpine. This is entirely consistent with the finding
that a D2 antagonist failed to block SKF 38393-induced grooming (see section
on D2 Antagonists).

D1 AND D2 COMPOUNDS IN DA SUPERSENSITIVE ANIMALS

Bilateral DA Denervation: It has been demonstrated that treatments which
result in a chronic depletion of DA lead to a supersensitive response when DA
receptors are subsequently stimulated. Thus, when treated with nonselective
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DA agonists, behavioral responses were augmented, suggesting receptor super-
sensitivity. In contrast to animals undergoing acute depletions of DA, which
“ailed to show locomotor responses to D1 or D2 agonists, rats and mice with
DA receptor supersensitivity exhibited enhanced behavioral responses to D1 or
D2 agonists. Furthermore, there was an unexpected change in the ability of DA
receptor subtype antagonists to block agonist-induced effects. Following bilate-
ral injections of the neurotoxin, 6-hydroxydopamine (6-OHDA) rats showed
>nhanced locomotor activity when injected with SKF 38393 or the D2 agonist
pergolide; in addition, they responded at doses that were ineffective in intact
animals. As expected, SCH 23390 antagonized the effect of SKF 38393, and
clebopride antagonized the effect of pergolide. However, unlike results from
intact rats, as reviewed above, SCH 23390 failed to antagonize the effects of
pergolide, and clebopride failed to antagonize the effects of SKF 38393. Fur-
thermore, neither antagonist blocked the effects of apomorphine but they did
when co-administered [4]. Related findings have been reported by Breese and
his coworkers [25, 26].

A similar pattern of results was seen in rats following chronic treatment with
the catecholamine-depleting drug reserpine which presumably also produced
receptor supersensitivity [5, 85]. However, some discrepancies exist in the litera-
ture. Rubinstein et al. [129] found that SKF 38393 or quinpirole alone stimula-
ted activity in mice chronically treated with reserpine. Like Arnt [5], they found
that sulpiride blocked the effect of quinpirole but not SKF 38393; unlike Arnt
[5], they found that SCH 13390 blocked the effects of both SKF 38393 and
quinpirole. Besides the species difference, the possible basis for these discrepant
findings is unclear. It is noteworthy, however, that the effects of SCH 23390 on
SKF 38393-induced activity were greater than those on quinpirole-induced
activity in the Rubinstein et al. [129] study. In general, these findings suggest
that the need to stimulate both D1 and D2 receptors for the observation of
behavioral effects mediated by DA, as seen in intact rats and mice, may be lost
in DA denervated animals.

A somewhat different picture has emerged from studies with primates. It has
been found that the DA neurotoxin 1-methy1-4-pheny1-1,2,3,6-tetrahydropyn'—
dine (MPTP) can produce parkinsonian symptoms, including decreased loco-
motor activity, in marmoset and Macacca fascicularis monkeys [31, 43, 109,
110]. These effects were associated with a loss of striatal DA, enhanced response
to apomorphine and increased binding of [3H] spiperone to DA receptors
demonstrating receptor supersensitivity [43]. It was found that the D2 agonists
bromocriptine or LY 141865 (or its active isomer LY 171555), but not the D1
agonist SKF 38393, were effective in relieving the parkinsonian symptoms [12,
31, 43, 109, 110]. Co-administration of SKF 38393 with LY 171555 prevented in
a dose-dependent manner the motor activation induced by LY 171555[12, 110].

Thus, it appeared that D2 receptor activation was essential for motor activation
in MPTP-induced parkinsonism in monkeys. Unlike the DA supersensitive
rodent in which either D1 or D2 stimulation could produce locomotor effects,
only D2.agonists appeared to be effective in the DA supersensitive monkey.
Human beings with Parkinson’s disease appear to show a similar selectivity
of responsiveness to D2 agonists but not D1 agonists. Thus, it has been reported

that the D2 agonist bromocriptine is an effective treatment in Parkinson’s
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disease (for a review see Ref. 82). The D1 agonist SKF 38393, on the other
hand, was shown to be ineffective in a double blind placebo-controlled study of
Parkinson’s patients [24]. These results are in good agreement with those from
MPTP-treated monkeys and suggest that primates chronically depleted of DA
require D2 receptor stimulation for the reinstatement of locomotor activity.

Unilateral DA Denervation: There have been many studies investigation the
effects of selective DA receptor compounds on motor behavior in animals with
~ unilateral nigrostriatal DA denervation. These animals, like those with bilateral
denervation, developed DA supersensitivity on the denervated side. When trea-
ted peripherally with direct-acting DA agonists, contralateral rotation was seen.
Thus, rotation was reported following systemic treatment with the D1 agonist
SKF 38393 [6, 7, 8, 44, 51, 52, 73, 103, 131, 157, 158] and the D2 agonists LY
141865, quinpirole, RU 24213, (—) N-0437, bromocriptine or pergolide [6, 7, 8,
45, 51, 54, 55, 56, 70, 73, 124, 150, 151, 157, 158].

Contralateral rotation was also observed with direct application of SKF
38393 to the denervated striatum [47, 48, 52, 131], nucleus accumbens or frontal
cortex [47]. In rats with unilateral lesions, similar effects were seen with the D2
agonist lisuride injected into these structures as well as the globus pallidus,
ventral thalamus, substantia nigra or periaqueductal gray; SKF 38393, however
was inactive in these latter structures [47, 48].

As expected, D1 antagonists blocked the effects of SKF 38393 on turning [6,
7,8,47,48, 73, 103] and D2 antagonists blocked D2 agonist effects [6, 7, 8, 47, 48,
54, 73]. But, as was the case for bilaterally DA-denervated rats, D1 antagonists
failed to block D2 agonist effects and vice versa [6, 7, 8, 47, 48, 54]. Karlsson et al.
[73] actually reported an increase in CY 208 —243- or bromocriptine-induced
circling following sulpiride or SCH 23390, respectively. D1 antagonists or D2
antagonists alone, although decreasing apomorphine-induced circling, failed to
block it, but when combined a blockade was observed [7, 29, 48, 53, 54, 56, 68].
Although these findings suggest that D1 and D2 receptors act independently in
the rodent with a lesion, there is one report of a synergistic interaction; a low
dose of SKF 38393, which by itself had no effect, potentiated quinpirole-in-
duced contralateral turning in rats with unilateral 6-OHDA lesions of the
substantia nigra [126].

Some studies employed unilateral lesion techniques that did not lead to
a DA supersensitive response and investigated the effects of DA receptor sub-
type-specific compounds on rotation. As expected, they found results consistent
with those of studies of intact animals rather than studies of animals with
supersensitive DA receptors. Thus, Arnt and Perregaard [10] hemitransected the
forebrain just caudal to the striatum and found that peripheral administration
of apomorphine produced ipsilateral rotation. The effect would have resulted
from the action of apomorphine on the intact side as striatal output on the
transected side would have been lost. In this paradigm, D2 agonists produced
ipsilateral rotation while D1 agonists were without effect. However, the effect of
D2 stimulation was augmented by co-treatment with a D1 agonist. Either the
D1 antagonist SCH 23390 or the D2 antagonists YM 09151 —2 blocked the
effect of the two agonists given together.

In a related study, Barone et al. [12a] made unilateral intrastriatal injections
of the excitotoxin quinolinic acid; this compound leads to loss of cells but not
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fibres of passage [41]. As a result, striatal output on the injected side was
impaired. They found that SKF 38393 was without effect whereas quinpirole
increased ipsilateral rotation. They also demonstrated that co-administration of
an ineffective dose of quinpirole with SKF 38393 led to rotation. Finally, the D1
antagonist SCH 23390 blocked the effect of the D2 agonist quinpirole. The
results of this study and that of Arnt and Perregaard [10] were consistent with
results obtained in intact rats. Thus, D2 agonists were more effective than D1
agonists in stimulating activity and the effect could be blocked by either D1 or
D2 antagonists. These data provide further support for the conclusion that
stimulation of both D1 and D2 receptors is necessary for observation of beha-
vioral effects of DA in normosensitive animals.

In a recent study, Calderon et al. [27] reported that SCH 23390 produced
catalepsy in rats that was abolished by bilateral quinolinic acid lesions of the
striatum. As was the case in the study of Barone et al. [12a], this lesion would
eliminate striatal output cells normally influenced by DA. Thus, the motor
inhibitory effects of the D1 receptor blocker were lost.

In summary, animals with unilateral or bilateral DA denervations produ-
cing supersensitivity show strong behavioral effects when treated with either D1
or D2 agonists. Unlike the intact animals where D1 or D2 antagonists can block
the effects of DA receptor subtype-specific agonists or apomorphine, in the DA
denervated animal, D1 agonist effects are only blocked by D1 antagonists and
D2 agonist effects are only blocked by D2 antagonists. Furthermore, antago-
nism of the behavioral effects of apomorphine in the denervated animal requires
blockade of both D1 and D2 receptors. In DA supersensitive monkeys or
people with Parkinson’s disease, on the other hand, simulation of D2 receptors
reverses the deficits in locomotor activity whereas D1 agonists are ineffective.
These findings suggest that rodents and primates differ in their response to DA
devervation regarding the ability of agonists acting at either D1 or D2 receptors
to produce locomotor activity. '

SUMMARY AND CONCLUSIONS

When all of the data concerning the role of Dl and D2 receptors in the
control of unconditioned behaviors are taken together a fairly consistent picture
begins to emerge. Considering first the normosensitive animals, it appears that
D1 and D2 receptors are interdependent in their involvement in the control of
locomotor activity. Stimulation of either receptor subtype leads to increases in

. activity although D2 agonists generally have a larger effect on activity than D1
agonists. Subeffective doses of D1 and D2 agonists (or D1 and D2 antagonists)

have a synergistic action when co-administered. Injections of antagonists specific

for either receptor subtype leads to a decrease in unstimulated locomotor activity

or a diminution in the effects of agonists stimulating either receptor subtype.
Besides locomotor activity, stimulation of D2 receptors produces yawning

. but a consistent effect on grooming has not been seen; D2 receptor stimulation

also produces stereotyped behaviors. Again, there seems to be an interdepen-
dence between the two receptor subtypes; yawning or stereotypy produced by
D2 receptor stimulation is blocked by either D2 or DI antagonists.
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Stimulation of D1 receptors produces grooming and small perioral move-
ments but not stereotyped behaviors like those typically seen following large
doses of D2 agonists or DA agonists not specific a receptor subtype. Unlike D1
receptor-stimulated locomotor activity which is antagonized by D2 receptor
blockers, grooming and perioral movements are not (but see Ref: 81). Thus, D1
receptor-mediated grooming and perioral movements seem to be exceptions to
the otherwise general finding that co-stimulation of the two receptor subtypes is
needed for the expression of D1 or D2 agonist effects in normosensitive rats and
mice.

The apparent need to stimulate both D1 and D2 receptors to produce
locomotor and some other unconditioned behaviors in normosensitive animals
is lost in chronically denervated animals that are supersensitive to the effects of
DA or DA agonists. However, there appear to be important species differences.
Generally, in rodents undergoing unilateral or bilateral 6-OHDA-induced de-
struction of the nigrostriatal DA system, the locomotor effects of D1 agonists
are not blocked by D2 antagonists and those of D2 agonists are not blocked by
D1 antagonists. Similar results have been reported following chronic treatments
with catecholamine depleting drugs. Thus, stimulation of either D1 or D2
receptors alone in DA supersensitive rodents appears to be sufficient to produce
locomotor activity. In primates made DA supersensitive either with MPTP or as
a result of Parkinson’s disease, on the other hand, D2 but not D1 agonists are
effective in reversing locomotor deficits. Thus, in primates with DA receptor
supersensitivity, stlmulatlon of D2 receptors appears to be necessary for loco-
motor effects.
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Footnote. A third DA receptor subtype (D3) has recently been cloned [132]. The novel D3
receptor appears to be localized largely within the nucleus accumbens, olfactory tubercle and islands
of Calleja and also on cell bodies and dendrites of DA neurons in the ventral tegmental area and
substantia nigra. Behavioral characterization of this receptor awaits the development of compounds
that possess. selective affinity for this receptor.

REFERENCES

1. Ahtee L., Buncombe G.: Metoclopramide induces catalepsy and increases striatal homovanillic
acid content in mice. Acta Pharmacol. Toxicol., 1974, 35, 429 —432.

2. Amalric M., Koob G. F., Creese 1., Swerdlow N. R: ,Selective” D-1 and D-2 receptor
antagonists fail to differentially alter supersensitive locomotor behavior in the rat. Life Sci.,
1986, 39, 1985—1993.

- 3. Armnt J.: Antistereotypic effects of dopamine D-1 and D-2 antagonists after intrastriatal injec-
tion in rats. Pharmacological and regional specificity. Arch. Pharmacol., 1985, 330, 97— 104.

4. Arnt J.: Hyperactivity induced by stimulation of separate dopamine D-1 and D-2 receptors in
rats with bilateral 6-OHDA lesions. Life Sci., 1985, 37, 717—723.

5. Amt J.: Behavioral stimulation is induced by separate dopamine D-1 and D-2 receptor sites in
reserpine-pretreated but not in normal rats. Eur. J. Pharmacol., 1985, 113, 70 —88.

- 6. Amnt J., Hyttel J.. Differential inhibition by dopamine D-1 and D-2 antagonists on circling
behaviour induced by dopamine agonists in rats with unilateral 6-hydroxydopamine lesions.
- Eur. J. Pharmacol., 1984, 102, 349 —354.



10.

11

12a.

13.

14.

16.

17.

18.

19.
20.

21

22.

23.

24,
25.
26.

27.

28.

Dopaminergic agents and behavior ' 521

ArmntJ., Hyttel J.: Differential involvement of dopamine D-1 and D-2 receptors in the circling
behaviour induced by apomorphine, SK & F 38393, pergolide and LY 171555 in 6-hydro-
xydopamine-lesioned rats. Psychopharmacology, 1985, 85, 346 —352.

Arnt J,, Hyttel J.: Inhibition of SKF 38393- and pergolide-induced circling in rats with unilate-
ral 6-OHDA lesion is correlated to dopamine D-1 and D-2 receptor affinities in vitro. J. Neural
Transm, 1986, 67, 225—240.

Arnt J., Hyttel J., Perregaard J.: Dopamine D-1 receptor agonists combined with the selective
D-2 agonist quinpirole facilitate the expression of oral stereotyped behaviour in rats. Eur.

J. Pharmacol., 1987, 133, 137 —145.
Arnt J., Perregaard J.: Synergistic interaction between dopamine D-1 and D-2 receptor ago-

nists: Circling behaviour of rats with hemitransection. Eur. J. Pharmacol., 1987, 143, 45—53.
Asin K. E., Montana W. E.: Rotation following intranigral injections of a selective D1 or
a selective D2 dopamine receptor agonists in rats. Pharmacol. Biochem. Behav., 1988, 29,
89 —-92.

Barone P., Bankiewicz K. S., Corsini G. U., Kopin L. J., Chase T. N.: Dopaminergic mecha-
nisms in hemiparkinsonian monkeys. Neurology, 1987, 37, 1592 —1595.

Barone P., Davis T. A,, Braun A. R., Chase T. N.: Dopaminergic mechanisms and motor
function: Characterization of D-1 and D-2 dopamine receptor interactions. Eur. J. Pharmacol.,
1986, 123, 109—-114,

Beninger R. J.: The role of dopamine in locomotor activity and learning. Brain Res. Rev., 1983,
6, 173—196.

Beninger R. J.: Methods for determining the effects of drugs on learning. In: Neuromethods 13:
Psychopharmacology. Eds. Boulton A. A., Baker G. B., Greenshaw A. J., Humana, Clifton,
N. J., 1989, 623 —685.

Beninger R. J.: Receptor subtype-specific dopamine agonists and antagonists and conditioned
behaviour. In: The Mesolimbic Dopamine System: From Motivation to Action. Eds. Willner
P., Scheel-Kruger J., John Wiely and Sons Ltd., Chichester, 1991, in press.

Beninger R. J., Cooper T. A., Mazurski E. J.: Automating the measurement of locomotor
activity. Neurobehav. Toxicol. Teratol., 1985, 7, 79 —85.

Beninger R. J., Musgrave M. A., Dickson P. R.: Unilateral injections of D2 but not D1 agonists
into the frontal cortex of rats produce a contralateral directional bias. Pharmacol. Biochem.
Behav., 1990, 37, 387 —392.

Beninger R. J., Hoffman D. C., Mazurski E. J.: Receptor subtype-specific dopaminergic agents
and conditioned behavior. Neurosci. Biobehav. Rev., 1989, 13, 113-122.

Bjorklund A, Lindvall O.: Dopamine-containing systems in the CNS. In: Handbook of Chemi-
cal Neuroanatomy. Vol. 2, Classical Transmitters in the CNS. Eds. Bjorklund A., Hokfelt T.,
Elsevier, Amsterdam, 1984, 55—122.

Bo P., Ongini E., Gioretti A., Azan G., Camana C., Savoldi F.: Selectivity and interaction of
D-1 and D-2 antagonists. Neurophysiological and behavioral study. Pharmacol. Res. Com-
mun., 1987, 19, 945—946.

Bordi F., Meller E.: Enhanced behavioral stereotypies elicited by intrastriatal injection of D1
and D2 dopamine agonists in intact rats. Brain Res., 1989, 504, 276 —283.

Boyce S., Kelly E., Davis A., Fleminger S., Jenner P., Marsden C. D.: SCH 23390 may alter
dopamine-mediated motor behavior via striatal D-1 receptors. Biochem. Pharmacol., 1985, 34,
1665 — 1669.

Braun A. R., Chase T. N.: Obligatory D-1/D-2 receptor interaction in the generation of
dopamine agonist related behaviors. Eur. J. Pharmacol., 1986, 131, 301 — 306.

Braun A. R., Fabbrini G., Mouradian M. M., Serrati C., Barone P., Chase T. N.: Selective D-1
dopamine receptor agonist treatment of Parkinson’s disease. J. Neural Transm., 1987, 68,
41 —-50. .

Breese G. R., Duncan G. E., Napier C., Bondy S. C,, lorio L. C., Mueller R. A.: 6-Hydro-
xydopamine treatments enhance behavioral responses to intracerebral microinjection of Dl
and D2 dopamine agonists into nucleus accumbens and striatum without changing dopamine
antagonist binding. J. Pharmacol. Exp. Ther., 1987, 240, 167—176. ,

Breese G. R., Mueller R. A.: SCH-23390 antagonism of a D-2 dopamine agonist depends upon
catecholaminergic neurons. Eur. J. Pharmacol., 1985, 113, 109—114.

Calderon S. F., Sanberg P. R., Norman A. B.: Quinolinic acid lesions of rat striatum abolish
D1- and D2-dopamine receptor-mediated catalepsy. Brain Res., 1988, 450, 403 —407.

‘Chandler C. J.. Starr B. S, Starr M. S.: Differential behavioural interactions between the



522 R. J. Beninger el al.

29,

30.

31

32.

33.

34.

35.

36.

37.

38.
39.
40.
41.
42.

43.

45.

46.

47,

48,

dopamine D-1 antagonist SCH 23390 and dopamine D-2 antagonists metoclopramide and
sulpiride in nonhabituated mice. Pharmacol. Biochem. Behav., 1990, 35, 285—289.
Christensen A. V., Arnt J., Hyttel J., Larsen J.-J., Svendsen O.: Pharmacological effects of
a specinc dopamine D-1 antagonist SCH 23390 in companson with neuroleptics. Lite Sci.,
1984, 34, 1529 —1540. ‘

Clark D., White F. J.: Review — D1 Dopamine receptor. The search for 2 function: A critical
evaluation of the D1/D2 dopamine receptor classification and its functional implications.
Synapse, 1987, 1, 347 —388.

Close S. P., Marriott A. S., Pay S.: Failure of SKF 38393-A to relieve Parkinsonian symptoms
induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine in the marmoset. Br. J. Pharmacol,,
1985, 85, 320—322.

Costall B., Naylor R. J. A.: Comparison of the abilities of typical neuroleptic agents and of
thoridazine clozapine, sulpiride and metoclopramide to antagonise the hyperactivity induced
by dopamine applied intracerebrally to areas of the extrapyramidal and mesolimbic systems.
Eur. J. Pharmacol., 1976,°40, 9—19.

Costall B., Naylor R. J.: Behavioural aspects of dopamine agonists and antagonists. In: The
Neurohiology of Dopamine. Eds. Horn A. S., Korf J., Westernik B. H. D., Academic Press,

" London, 1979, 55—576.

Cuomo V., Cagiano R., Colonna M., Renna G., Racagni G.: Influence of SCH 23390, a DA-1
receptor antagonist, on the behavioral responsiveness to small and large doses of apomorphine
in rats. Neuropharmacology, 1986, 25, 1297 —1300.

Dall'Olio R., Roncada P., Vaccheri A., Gandolifi O., Montanaro N.: Synergistic blockade of
some dopamine-mediated behaviors by (—)- sulpiride and SCH 23390 in the rat. Psychophar-
macology, 1989, 98, 324 —346.

Dall'Olio R., Gandolfi O., Vaccheri A., Roncada P., Montanaro N.: Changes in behavioral
responses to the combined administration of D1 and D2 dopamine agonists in normosensitive
and D1 supersensitive rats. Psychopharmacology, 1988, 95, 381 —385.

Dolphin A., Jenner P., Marsden C. D., Pycock C., Tarsy D.: Pharmacological evidence for
cerebral dopamine receptor blockade by metoclopramide in rodents. Psychopharmacologia,
1975, 41, 133 —138.

Dreher J. K., Jackson D. M.: Role of D1 and D2 dopamine receptors in mediating locomotor
activity elicited from the nucleus accumbens of rats. Brain Res., 1989, 487, 267=277.

Eilam D., Golani 1., Szechtman H.: D2-agonist quinpirole induces perseveration of routes and
hyperactivity but no perseveration of movements. Brain Res., 1989, 490, 255—267.

Eilam D., Szechtman H.: Biphasic effect of D-2 agonist quinpirole on locomotion and move-
ments. Eur. J. Pharmacol., 1989, 161, 151 —-157.

El-Defrawy S. R., Boegman R. J., Jhamandas K., Beninger R. J.: The neurotoxic actions of
quinolinic acid in the central nervous system. Can. J. Physiol. Pharmacol., 1986, 64, 369 —375.
Elliott P. N. C., Jenner P., Huizing G., Marsden C. D., Miller R.: Substituted benzamides as
cerebral dopamine antagonists in rodents. Neuropharmacology, 1977, 16, 333 —342.
Falardeu P., Bouchard S., Bedard P. J., Boucher R., Di Paolo T.: Behavioral and biochemical
effect of chronic treatment with D-1 and/or D-2 dopamine agonists in MPTP monkeys. Eur.
J. Pharmacol., 1988, 150, 59 —66. -

Fenton H. M., Leszczak E., Gerhardt S., Liebman J. M.: Evidence for heterogeneous rotational
responsiveness to apomorphine, 3-PPP and SKF 38393 in 6-hydroxydopamine-denervated rats.
Eur. J. Pharmacol., 1985, 106, 363 —372. .

Fenton H. M., Liebman J. M.: Self-stimulation response decrement patterns differentiate
cloidine, baclofen and dopamine antagonists from drugs causing performance deficit. Phar-
macol. Biochem. Behv., 1982, 17, 1207—1212.

Fletcher G. H., Starr M. S.: 38393 and apomorphine modify locomotion and exploration in rats
placed on a holeboard by separate actions at dopamine D-1 and D-2 receptors. Eur. J.
Pharmacol., 1985, 117, 381 —385.

Fletcher G. H., Starr M. S.: Behavioural evidence for the functionality of D-2 but not D-1
dopamine receptors at multiple brain sites in the 6-hydroxydopamine-lesioned rat. Eur. J.
Pharmacol., 1987, 138, G07—Gl1. '

Fletcher G. H., Starr M. S.: Topography of dopamine behaviours mediated by D1 and D2

- receptors revealed by intrastriatal injection of SKF 38393, lisuride and apomorphine in rats
~with a unilateral 6-hydroxydopamine-induced lesion. Neuroscience, 1987, 20, 589 —597.



55.

56.

57.

58.
59.
60.

61.

62.

63.
64.

65.

66.

67.

68.

69.
70.

71.

72.

Dopaminergic agents and behavior 523

49 Fletcher G. H., Starr M. S.: Intracerebral SCH 23390 and catalepsy in the rat. Eur. J. Phar-

macol., 1988, 149, 175—178.
Gerhardt S., Gerber R., Liebman J. M.: SCH 23390 dissociated from conventional neuroleptics
in apomorphine climbing and primate acute dyskinesia models. Life Sci., 1985, 37, 2355 —2363.

. Gershanik O., Heikkila R. E., Duvoisin R. C.: Effects of dopamine depletion on rotational

behavior to dopamine agonists. Brain Res., 1983, 261, 358 —360.

_ Gower A. J., Marriott A. S.: Pharmacological evidence for the subclassification of central

dopamine receptors in the rat. Br. J. Pharmacol., 1988, 77, 185—194.

. Hassan M. N., Reches A., Kuhn C., Higgins D., Fahn S. Pharmacologic evaluation of

dopaminergic receptor blockade by metoclopramide. Clin. Neuropharmacol., 1986, 9, 71 -73.
Herrera-Marschitz M., Ungerstedt U.: Evidence that apomorphine and pergolide induce rota-
tion in rats by different actions on DI and D2 receptor sites. Eur. J. Pharmacol., 1984, 98,
165-176.

Herrera-Marschitz M., Ungerstedt U.: Evidence that striatal efferents relate to different dopa-
mine receptors. Brain Res., 1984, 323, 269—278.

Herrera-Marschitz M., Ungerstedt U.: Effect of the dopamine D-1 antagonist SCH 23390 on
rotational behaviour induced by apomorphine and pergolide in 6-hydroxydopamine dener-
vated rats. Eur. J. Pharmacol., 1985, 109, 349 —354.

Hjorth S., Carlsson A.: Postsynaptic dopamine (DA) receptor stimulator properties of the
putative DA autoreceptor-selective agonist B-HT 920 uncovered by co-treatment with the D-1
agonist SK&F 38393. Psychopharmacology, 1987, 93, 534—537. :

Hjorth S., Carlsson A.: In vivo receptor binding, neurochemical and functional studies with the
dopamine D-1 receptor antagonist SCH 23390. J. Neural Transm., 1988, 72, 83 —97.
Hoffman D. C., Beninger R. J.: The D1 dopamine receptor antagonist., SCH 23390 reduces
locomotor activity and rearing in rats. Pharmacol. Biochem. Behav., 1985, 22, 341 —342.
Hoffman D. C., Wise R. A.: The locomotor-activating effects of the D2 agonist, bromocriptine,
show sensitization following repeated injections. Can. J. Psychol., 1990, 31, 361.

Torio L. L., Barnett A., Leitz F. H., Houser V. P., Korduba C. A.: SCH 23390, a potential
benzazepine antipsychotic with unique interactions on dopaminergic systems. J. Pharmacol.,
Exp. Ther., 1983, 226, 462 —468. :

Jackson D. M., Hashizume M.: Bromocriptine induce marked locomotor stimulation in dopa-
mine-depleted mice when D-1 dopamine receptors are stimulated with SKF 38393. Psycho-
pharmacology, 1986, 90, 147—149.

Jackson D. M., Hashizumé M.: Bromocriptine-induced locomotor stimulation in mice is modu-
lated by dopamine D-1 receptors. J. Neural Transm., 1987, 69, 131 —145.

Jackson D. M., Jenkins O. F.: Hypothesis: Bromocriptine lacks intrinsic dopamine receptor
stimulating properties. J. Neural Transm., 1985, 62, 219—230. : v
Jackson D. M., Ross S. B., Hashizume M.: Further studies on the interaction between bromo-
criptine and SKF 38393 in reserpine and alpha methyl-para-tyrosine-treated mice. Psychophar-
macology, 1988, 94, 321 -327.

Jackson E. A., Kelly P. H.: Nigral dopaminergic mechanisms in drug-induced circling. Brain
Res. Bull., 1983, 11, 605—611. A

Jenkins O. F., Jackson D. M.: Bromocriptine enhances the behavioural effects of apomorphine
and dopamine after systemic or intracerebral injection in rats. Neuropharmacology, 1986, 25,
1243 —1249.

Jenner P., Clow A., Reavill C., Theodorou A., Marsden C. D.: A behavioural and biochemical
comparison of dopamine receptor blockade produced by haloperidol with that produced by
substituted benzamide drugs. Life Sci., 1978, 23, 545—1550.

Johansson P., Levin E., Gunne L., Ellison G. Opposite effects of a D1 and a D2 agonist on oral
movements in rats. Eur. J. Pharmacol., 1987, 134, 83 —83.

Johnson A. M., Loew D. M., Vigouret J. M.: Stimulant properties of bromocriptine on central
dopamine receptors in comparison to apomorphine, (+)-amphetamine and L-DOPA. Br.
J. Pharmacol., 1976, 56, 59— 68. i

Joyce J. N.: Multiple dopamine receptors and behavior. Neurosci. Biobehav. Rev., 1983, 7,
227-1256.

Joyce J. N., Van Hartesveldt C.: Rotational and postural deviation elicited by microinjections
of dopamine into medial and lateral regions of dorsal striatum. Pharmacol. Biochem. Behav,,

1984, 21, 979 —981.



524 R. J. Beninger et al.

73.
74.
75.
76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

87.

g8.

89.

90.

91.

92.

93.

Karlsson G., Jaton A-L., Vigouret J-M.: Dopamine D1- and D2-receptor interaction in turning
behavior induced by dopamine agonists in 6-hydroxydopamine-lesioned rats. Neurosci. Lett.,
1988, 88, 69 —74. :
Kebabian J. W., Agui T., van Oene J. C., Shigematsu K., Saavedra J. M.: The DI dopamine
receptor: New perspectives. TIPS Rev., 1986, 96~-99.

Kebabin J. W., Calne D. B.: Multiple receptors for dopamine. Nature, 1979, 277, 93-96.
Klemm W. R.: Neuroleptic-induced catalepsy: A D2 blockade phenomenon? Pharmacol. Bio-
chem. Behav., 1985, 23, 911 -915. ' .

Klemm W. R., Block H.: D-1 and D-2 receptor blockade have additive cataleptic effects in
mice, but receptor effects may interact in opposite ways. Pharmacol. Biochem. Behav., 1988,
223-229. '
Koshikawa N., Aoki S., Hiruta M., Tomiyama K., Kobayashi M., Tsuboi Y., Iwata K.,
Sumino R., Stephenson J. D.: Effects of intrastriatal injections of selective dopamine D-1 and
D-2 agonists and antagonists on jaw movements of rats. Eur. J. Pharmacol., 1989, 163,
227-236. .

Koshikawa N., Mori E., Maruyama Y., Yatsushige N., Kobayashi M.: Role of dopamine D-1
and D-2 receptors in the ventral striatum in the turning behavior of rats. Eur. J. Pharmacol.,
1990, 178, 233—-237.

Koshikawa N., Tomiyama K., Omiya K., de Beltran K. K., Kobayashi M.: Dopamine D-1 but
not D-2 receptor stimulation of the dorsal striatum potentiates apomorphine-induced jaw
movemets in rats. Eur. J. Pharmacol., 1990, 178, 189—194." T

Levin E. D., See R. E., South D.: Effects of dopamine D1 and D2 receptor antagonists on oral
activity in rats. Pharmacol. Biochem. Behav., 1989, 34, 43 —48.

Lieberman A. N., Goldstein M.: Bromocriptine in Parkinson Disease. Pharmacol. Rev., 1985,
37, 217-227.

Ljungberg T., Ungerstedt U.: Classification of neuroleptic drugs according o their ability to
inhibit apomorphine-induced locomotion and gnawing: Evidence for two different mechanisms
of action. Psychopharmacology, 1978, 56, 239 —247.

Longoni R., Spina L., Di Chiara G.: Dopaminergic D-1 receptors: essential role in morp-
hine-induced hypermotility. Psychopharmacology, 1987, 98, 401 —402.

Longoni R., Spina L., Di Chiara G.: Permissive role of D1 receptor stimulation by endogenous
dopamine for the expression of postsynaptic D2-mediated behavioral responses. Yawning in
rats. Eur. J. Pharmacol., 1987, 134, 163 —173.

Longoni R., Spina L., Di Chiara G.: Permissive role of D-1 receptor stimulation for the
expression of D-2 mediated behavioral responses: A quantitative phenomenological study in
rats. Life Sci., 1987, 41, 2135—-2145.

Magnusson O., Fowler C. J., K&hler C., Ogren S-O.: Dopamine D-2 receptors and dopamine
metabolism. Relationship between biochemical and behavioural effects of substituted benz-
amide drugs. Neuropharmacology, 1986, 25, 187—197.

Mailman R. B., Schulz D. W., Lewis M. H., Staples L., Rollema H., Dehaven D. L.
SCH-23390: A selective D1 dopamine antagonist with potent D2 behavioral actions. Eur. J.
Pharmacol., 1984, 101, 159 —160.

Martin-Iverson M. T., Iversen S. D., Stahl S. M.: Long-term motor stimulant effects of
(+)-4-propyl-9-hydroxynaphthoxazine (PHNO), a dopamine D-2 receptor agonist: interac-
tions with a dopamine D-1 receptor antagonist and agonist. Eur. J. Pharmacol., 1988, 149,
25-31. :

Martin-Iverson M. T., McManus D. J.: Stimulant-conditioned locomotion is not affected by
blockade of D1 and/or D2 dopamine receptors during conditioning. Brain Res., 1990, 521,
175—184.

Mashurano M., Waddington J. L.; Stereotyped behaviour in response to the selective D2
dopamine receptor agonist Ru 2213 is enhanced by pretreatment with the selective D1 agonist
SK&F 38393. Neuropharmacology, 1986, 25, 947 —549.

Mazurski E. J.: Beninger R. J.: 'Stimulant effects of (+)-amphetamine are influenced by
methodological variables. Prog. Neuro-Psychopharmacol. Biol. Psychiatry, 1988, 12,
323-329. . .
McDevitt J. T., Setler P. E.: Differential effects of dopamine agonists in mature and immature
rats. Eur. J. Pharmacol., 1981, 72, 1857 —1864.

93a. Meller E., Bord F., Bohmaker K.: Enhancement by the D1 dopamine agonist 38393 of specific



94.

9s.
6.

97.

98.

99.

100.

101
102.

103.

.09.

10.

1

12,

13.

14,

Dopaminergic agents and behavior 525

components of stereotypy elicited by the D2 agonists LY 171555 and RU24213. Life Sci., 1988,
42,2561 —2657.

Meller E., Kuga S., FriedhofT A. J., Goldstein M.: Selective D2 dopamine receptor agonists
prevent catalépsy induced by SCH 23390, a selective D2 antagonist. Life Sci., 1985, 36,
1857 —1864.

Milner P. M.: Physiological Psychology. Holt, Rinehart and Winston, New York, 1970.
Molloy A. G., O’Boyle K. M., Pugh M. T., Waddington J. L.: Locomotor behaviors in
response to new selective DI and D2 dopamine receptor agonists, and the influence of selective
antagonists. Pharmacol. Biochem. Behav., 1986, 25, 249 —253.

Molloy A. G., Waddington J. L.: Dopaminergic behaviour stereospecifically promoted by the
D1 agonist R SK & F 38393 and selectively blocked by the D1 antagonist SCH 23390.
Psychopharmacology, 1984, 82, 409 —410.

Molloy A. G., Waddington J. L.: Sniffing, rearing and locomotor responses to the Di
dopamine agonist R-SK & F 38393 and to apomorphine: Differential ineractions with the
selective D1 and D2 antagonists SCH 23390 and metoclopramide. Eur. J. Pharmacol., 1985,
108, 305 —308.

Molloy A. G., Waddington J. L.: The enantiomers of SK&F 83566, a new selective DI
dopamine antagonist, stereospecifically block stereotyped behaviour induced by apomorphine
and by the selective D2 agonist RU 24213. Eur. J. Pharmacol., 1985, 116, 183 —186.
Molloy A. G., Waddington J. L.: Assessment of grooming and other behavioural responses to
the DI dopamine receptor agonist SK &F 38393 and its R- and S-enantiomers in the intact
adult rat. Psychopharmacology, 1987, 92, 164 —168.

Moore N. A., Axton M. S.: Production of climbing behaviour in mice requires both DI and
D2 receptor activation. Psychopharmacology, 1988, 94, 263 —266.

Morelli M., Di Chiara G.: Catalepsy induced by SGH 23390 in rats. Eur. J. Pharmacol., 1985,
117, 179 - 185.

Morelli M., Fenu S., Di Chiara G.: Behavioural expression of D1 receptor supersensitivity
depends on previous stimulation of D2 receptors. Life Sci., 1987, 40, 245—251.

. Morelli M., Longoni R., Spina L., Di Chiara G.: Antagonism of apomorphine-induced

yawning by SCH 23390: Evidence against the autoreceptor hypothesis. Psychopharmacology,
1986, 89, 259 —260.

. Morency M. A, Stewart R. J., Beninger R. J.. Effects of unilateral microinjections of sulpiride

into the medial prefrontal cortex on circling behavior of rats. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry, 1985, 9, 735—738.

. Morency M. A, Stewart R. J., Beninger R. J.: Circling behavior following unilateral microin-

jections of cocaine into the medial prefrontal cortex: Dopaminergic or local anesthetic effect?
J. Neurosci., 1987, 7, 812—818.

. Morgenstern R., Fink H.: Sulpiride blocks postsynaptic dopamine receptors in the nucleus

accumbens. J. Neural Transm., 1985, 61, 151 —160.

. Murray A. M., Waddington J.: The induction of grooming and vacuous chewing by a series of

selective D-1 dopamine receptor agonists: two directions of D-1:D-2 interaction. Eur. J.
Pharmacol., 1989, 160, 377 —384.

Nomoto M., Jenner P., Marsden C. D.: The dopamine D2 agonist LY 141865, but not the D1
agonist SKF 38393, reverses Parkinsonism induced by 1-methyl-4-phenyl-1,2,3,6-tetrahyd-
ropyridine (MPTP) in the common marmoset. Neurosci. Lett., 1985, 57, 37—41.

Nomoto M., Jenner P., Marsden C. D.: The DI agonist SKF 38393 inhibits the antiparkin-
sonian activity of the D2 agonist LY 171555 in the MPTP-treated marmoset. Neurosci. Lett.,
1988, 93, 275-280.

O’Boyle K. M., Molloy A. G., Mashurano M., Waddington J. L.: Structural analogs of SCH
23390 as discriminators of dopamine receptor subtypes: Behavioral interactions between D1
and D2 agonists and antagonists. Psychopharmacol. Bull., 1986, 22, 599 — 604.

Ogren S. O., Fuxe K.: D1- and D2-receptor antagonists induce catalepsy via different efferent
striatal pathways. Neurosci. Lett., 1988, 85, 333 —338.

Ogren’S. O,, Hall H,, Kohler C., Magnusson O., Sjostrand, S.-E.: The selective dopamine D2
receptor antagonist raclopnde discriminates between dopamine-mediated motor functions.
Psychopharmacology, 1986, 90, 287 —294.

Ongini E., Caporali G.: Differential effects of dopamine D1 and D2 receptor agonists on EEG
activity and behaviour in the rabbit. Neuropharmacology, 1987, 26, 255 — 360.



526

115.

116.

117.

118.
119.
120.
121.

122.

123.

124.

125.

126.
127.

128.

130.

131,

133.

134.

135.

136.

137.

R. J. Beninger et al.

Ongini E., Caporali M. G., Longo V. G.: Blockade of D-1 dopamine receptors by SCH 23390
prevents EEG and behavioral activation induced by L-DOPA. Neuroscience, 1987, 82,
206-—210.

Ongini E., Caporali M. G., Massotti M.: Stimulation of dopamine D1 receptors by SKF 38393
induces EEG desynchronization and behavioral arousal. Life Sci., 1985, 37, 2327 —-2333.
Ongini E., Caporali M. G., Massotti M., Sagratella S.: SCH 23390 and its S-enantiomer
stereoselectivity prevent EEG and behavioral activation induced by dopamine agonists in the
rabbit. Pharmacol. Biochem. Behav., 1987, 26, 715—718. ) ' '
Ossowska K., Karcz M., Wardas J., Wolfarth S.: Striatal and nucleus accumbens D1/D2
dopamine receptors in neuroleptic catalepsy. Eur. J. Pharmacol., 1990, 182, 327 —334.
Parashos S. A., Marin C., Chase T. N.: Synergy between a selective D1 antagonist and
a selective D2 antagonist in the induction of catalepsy. Neurosci. Lett., 1989, 105, 169—173.
Peringer E., Jenner P., Donaldson 1. M., Marsden C. D. Metoclopramide and dopamine
receptor blockade. Neuropharmacology, 1976, 15, 463 —469.

Plaznik A., Stefanski R., Kostowski W.: Interaction between accumbens D1 and D2 receptors
regulating rat locomotor activity. Psychopharmacology, 1989, 99, 558 —562.

Puech A. J., Rioux P., Poncelet M., Brochet D., Chermat R., Simon P.: Pharmacological
properties of new antipsychotic agents: Use of animals models. Neuropharmacology, 1981, 20,
1279 —1284. :

Pugh M. T., O’Boyle K. M., Molloy A. G,, Waddington J. L.: Effects of the putative DI
antagonist SCH 23390 on stereotyped behaviour induced by the D2 agonist RU24213. Psy-
chopharmacology, 1985, 87, 308 —312.

Rabey J. M., Passeltiner P., Markey K., Asano T, Goldstein M.: Stimulation of pre- and
postsynaptic dopamine receptors by an ergoline and by a partial ergoline. Brain Res., 1981,
225, 347—356.

Ridley R. M., Scraggs P. R,, Baker H. F.: The effects of metoclopramide, sulpiride, and the
stereoisomers of baclofen on amphetamine-induced behavior in the marmoset. Biol. Psychiat-
ry, 1980, 15, 265—274.

Robertson G. S., Roberston H. A.: Synergistic effects of D1 and D2 dopamine agonists on
turning behaviour in rats. Brain Res., 1986, 384, 387—3950.

Rosengarten H., Schweitzer J. W., Friedhoff A. J.: Induction of oral dyskinesias in naive rats
by D2 stimulation. Life Sci., 1983, 33, 2479 —2482.

Rosengarten H., Schweitzer J. W., Friedhoff A. J.: Selective dopamine D2 receptor reduction
enhances a D1 mediated oral dyskinesia in rats. Life Sci., 1986, 39, 29-135.

. Rubinstein M., Gershanik O., Stefano F. J. E.. Different roles of D-1 and D-2 dopamine

receptors involved in locomotor activity of supersensitive mice. Eur. J. Pharmacol., 1988, 148,
419 —426.

Serra G., Collu M., Gessa G. L.: Yawning is elicited by D2 dopamine agonists but is blocked
by the D1 antagonist, SCH 23390. Psychopharmacology, 1987, 91, 330—333.

Setler P. E., Sarau H. M., Zirkle C. L., Saunders H. L.: The central effects of a novel dopamine
agonist. Eur. J. Pharmacol,, 1978, 50, 419 —430.

. Sokoloff P., Giros B., Martres M., Bouthenet M., Schwartz J.: Molecular cloning and charac-

terization of a novel dopamine receptor (D3) as a target for neuroleptics. Nature, 1990, 347,
146—151.

Spina L., Longoni R., Mulas A., Di Chiara G.: SKF 38393 potentiates yawning induced by
LY 171555: further evidence against the autoreceptor hypothesis of yawning. Psychophar-
macology, 1989, 98, 567 —568. - .

Starr B. S., Starr M. S.: Grooming inthe mouse is stimulated by the dopamine D1 agonist
SKF 38393 and by low doses of the D1 antagonist SCH 23390, but is inhibited by dopamine
D2 agonists, D2 antagonists and high doses of SCH 23390. Pharmacol. Biochem. Behav.,
1986, 24, 837—839.

Starr B.'S., Starr M. S.: Differential effects of dopamine D1 and D2 agonists and antagonists
on velocity of movement, rearing and grooming in the mouse. Neuropharmacology, 1986, 25,
455—463.

Starr B. S., Starr M. S.: Behavioral interactions involving DI and D2 dopamine receptors in
non-habituated mice. Neuropharmacology, 1987, 26, 613—619.

Starr M. S., Starr B. S.: Behavioral synergism between the dopamine agonists SKF 38393 and
LY 171555 in dopamine-depleted mice: antagonism by sulpiride reveals only stimulant post-
synaptic D-2 receptors. Pharmacol. Biochem. Behav., 1989, 33, 41 —44.



138.

139.

140.

144.
145.

146.

147.

148.

149.

150.

151

152.

153.

154.

155.

156.

157.

158.

159.

160.

Dopaminergic agents and behavior. : 527

Starr B. S., Starr M. S., Kilpatrick I. C.: Behavioral role of dopamine D1 receptors in the
reserpine-treated mouse. Neuroscience, 1987, 22, 179 —188.

Stewart R. J., Morency M. A., Beninger R. j: Differential effects of intrafrontocortical
microinjections of dopamine agonists and antagonists on circling behavior of rats. Behav.
Brain Res., 1985, 17, 67—72. _
Thornton E. W., Evans J. A. C., Wickens A.: Changes in motor activities induced by microin-
jections of the selective dopamine agonists LY 171553, quinpirole hydrochloride. and SK&F
18393 into the habenula nucleus. Pharmacol. Biochem. Behav., 1987, 26, 643 —646.

. Timmerman W., Rusk I. N., Tepper P., Homn A. S., Cooper S. J.: The effects of the enan-

tiomers of the dopamine agonist N-0437 on food consumpticn and yawning behavior in rats.
Eur. J. Pharmacol., 1989, 174, 107—114.

_ Undie A. S., Freidman E.: Differences in the cataleptogenic actions of SCH 23390 and selected

classical neuroleptics. Psychopharmacology, 1988, 96, 311 —316.

. Ungerstedt U.: Central dopamine mechanisms and unconditioned behaviour. In: The Neuro-

biology of Dopamine. Eds. Horn A. S., Hokfelt J., Westerink B. H. C., Academic Press,
London, 1979, 577 —596.

Ushijma 1., Mizuki Y, Soeda K., Kishimoto O., Hara T, Yamada M.: Effects of age on
behavioral responses to dopamine agonists in the rat. Eur. J. Pharmacol., 1987, 138,101 —106.
Ushijma 1., Mizuki Y., Yamada M. Multifocal sites of action involved in dopaminer-
gic-cholinergic neuronal interactons in yawning.APsychopharmacology, 1988, 95, 34—-37.
Ushijima 1., Mizuki Y., Yamada M. The mode of action of bromocriptine following pretreat-
ment with reserpine and alpha-methyl-p-tyrosine in rats. Psychopharmacology. 1988, 95,

29 —33.
Usuda S., Nishikori K., Noshiro O., Maeno H.: Neuroleptic properties of cis-N-(-1ben-

zyl-2-methylpyrrolidin-3-yl)-5-chloro-2-methoxy-4~methylaminobenzamide (YM-09151-2) with
selective antidopaminergic activity. Psychopharmacology. 1981, 73. 103 —-109.

Vaccheri A., Dall’Olio R, Gandolfi O., Montanaro N.: Involvement of different dopamine
receptors in rat biphasic motility response to apomorphine. Psychopharmacology, 1986, 89,
265 —268.

Van den Boss R., Cools A. R., Ogren S.-O.: Differential effects of the selective D2-antagonist
raclopride in the nucleus accumbens of the rat on spontaneous and d-amphetamine-induced
activity. Psychopharmacology, 1988, 95, 447 —451.

Van der Weide J., De Vries J. B., Tepper P. G, Krause D. N., Dubocovich M. L., Horn A.S.
N-0437: A selective D-2 dopamine receptor agonist in in vitro and in vivo models. Eur. J.
Pharmacol. 1988, 147, 249 —258.

Van der Weide J., Tendijick M. E. C., Tepper P. G., De Vries J. B, Dubocovich M. L., Horn
A. S.- The enantiomers of the D-2 dopamine receptor agonist N-0437 discriminate between
pre- and postsynaptic dopamine receptors. Eur. J. Pharmacol., 1988, 146, 319—326.

Vasse M., Chagraoui A., Protais P.: Climbing and stereotyped behaviors in mice require the
stimulation of D-1 dopamine receptors. Eur. J. Pharmacol., 1988, 148, 221 —229.
Waddington J. L., O’Boyle K. M.: The D-1 dopamine receptor and the search for its func-
tional role: from neurochemistry to behavior. Rev. Neurosci., 1987, 1, 157 —184.
Waddington J. L., O’'Boyle K. M.: Drugs acting on brain dopamine receptors: a conceptudl re-
—evaluation five years after the first selective D-1 antagonist. Pharmacol. Ther., 1989, 43,1351
Walters J. K., Bergstrom D. A., Larlson J. H., Chase T. N., Braun A. R.: DI dopamine
receptor activation required for postsynaptic expression of D2 agonist effects. Science, 1987,
236, 719—1722.

White F. J., Bednarz L. M., Wachtel S. R, Hjorth S., Brooderson R. J.: Is stimulation of both
D1 and D2 receptors necessary for the expression of dopamine-mediated behaviors? Phar-
macol. Biochem. Behav., 1988, 30, 189 —193. .
Winkler J. D., Callison K., Cass S. A., Weiss B.: Selective down-regulation of D1 dopamine
mediated rotational behavior in supersensitive mice. Neuropharmacology, 1988, 27, 439 —442.
Winkler J. D., Weiss B.: Effect of continuous exposure to selective D1 and D2 dopaminergic
agonists on rotational behavior in supersensitive mice. J. Pharmacol. Exper. Ther., 1989, 249,
507 —516. '

Wise R. A.: Neuroleptics and operant behavior: The anhedonia hypothesis. Behav. Brain Sci.,
1982, 5, 39—88.

Yamada K., Tanaka M., Shibata K., Furakawa T: Involvement of septal and striatal dopami-
ne D-2 receptors in yawning behavior in rats. Psychopharmacology. 1986, 90, 9—13.



528 R. J. Beninger et al.

161. Zarkovsky A. M., Cereska K. S.: Effect of the D1 receptor agonist SKF 38393 on some
behavioral effects of apomorphine in rats. Arch. Pharmacol., 1989, 339, 383 —386.

162. Zarrindast M.-R., Shahed-Dirin K.: Bromocriptine induces climbing behavior: possible D-1
or D-2 dopamine receptor involvement. Psychopharmacology, 1990, 100, 275 —280.



	Beninger'91PolJPharmacolPharm.pdf
	20051208155223.pdf

