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FUJIKAWA, M., M. NAGASHIMA, T. INOUE, K. YAMADA AND T. FURUKAWA. Partial agonistic effects of
OPC-14597, a potential antipsychotic agent, on yawning behavior in rats. PHARMACOL BIOCHEM BEHAV 53(4) 903~
909, 1996. — The present experiments were performed to examine the behavioral effects of OPC-14597, which acts on dopa-
mine receptors in rats. OPC-14597 administered subcutaneously (SC) at doses of 0.1-5 mg/kg elicited yawning, as did
OPC-4392 (0.5-2 mg/kg, SC) and (—)-3-PPP (2.5-10 mg/kg, SC). These yawning responses were blocked by intraperitoneal
(IP) pretreatment with haloperidol (0.5 mg/kg) but were increased by pindolol (20 mg/kg, IP) or reserpine (5 mg/kg, IP),
which per se did not elicit yawning. The yawning induced by talipexole, a selective dopamine D, receptor agonist, was inhibited
by OPC-14597 (0.5~-5 mg/kg, SC) and (—)-3-PPP (10 mg/kg, SC). Apomorphine (0.5 mg/kg, SC), a dopamine D,/D,
receptor agonist, elicited stereotypy such as sniffing and licking but OPC-14597 (5-20 mg/kg, SC) did not induce this
behavior. The stereotypy induced by apomorphine was inhibited not only by haloperidol (0.5 mg/kg, IP) and (-)-3-PPP (10
mg/kg, SC) but also by OPC-14597 (5-20 mg/kg, SC), without being affected by OPC-4392 (2 mg/kg, SC). In 6-
hydroxydopamine (6-OHDA)-treated rats, apomorphine (0.5 mg/kg, SC) elicited rotation behavior whereas OPC-14597,
OPC-4392 and (- )-3-PPP did not produce this behavior. These findings suggest that OPC-14597 provokes yawning without
causing stereotypy and rotation but markedly antagonizes the talipexole-induced yawning and apomorphine-induced stereo-
typy, and that OPC-14597 thus exerts partial agonistic effects on yawning behavior but antagonistic effects on stereotypy in
rats.

Yawning Stereotypy Rotation OPC-14597 (-)-3-PPP B-Adrenoceptor antagonists

THE PRECISE pharmacological mechanisms by which neu-
roleptics exert their beneficial effects are unknown, but con-

subtypes (26,27). Accordingly, the neuroleptics that have less
side effects, especially less extrapyramidal disturbance, have

sideration of pharmacological properties of the drugs will pro-
vide some clues, because the antipsychotic drugs, despite their
variety of chemical structure, share certain effects particularty
with respect to dopamine. Neuroleptic drugs in clinical use
mainly block the dopamine receptor, but theirantidepaminer-
gic effects may also account for the diverse neurolagical as-
pects of the syndrome, the parkinsonian and extrapyramidal
effects (11,22), though different approaches to avoid side ef-
fects related to dopamine antagonist properties are suggested
by recent studies, particularly concerning dapamine receptor
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been still awaited with great interest. Thus, efforts are still
being directed at developing drugs that act on the dopamine
receptor.

(—)-3-PPP was reported to be a partial dopamine receptor
agonist whose intrinsic activity varies according to the location
of the receptor, and the agent acts essentially as an antagonist
on central postsynaptic dopamine receptors whereas it dis-
plays agonistic action on presynaptic dopamine receptors
(2,3). OPC-4392, a substituted quinolinone derivative, binds
selectively to dopamine D, receptors and acts as a dopamine
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agonist at presynaptic autoreceptors related to dopamine syn-
thesis and a dopamine antagonist at postsynaptic D, receptors
{14,23,40). Furthermore, OPC-14597, another quinolinone
derivative, was later synthesized as a more potential antipsy-
chotic drug.

The present experiments were therefore performed to ex-
amine the behavioral effects of OPC-14597 on dopamine re-
ceptors, as compared with OPC-4392 and 3-PPP.

METHODS
Animals

Male Wistar rats (200-230 g) were obtained from Kyudo
Animal Laboratory (Kumamoto, Japan). They were kept in
an animal room with a 12 L : 12 D cycle (lights on at 0700 h).
Commercial food (CE-2, Clea Japan Ltd.) and tap water were
freely available except during the experiments. All experi-
ments were carried out at an environmental temperature of 23
+ 1°C.

Behavioral Observations

Pairs of rats were placed in transparent plastic boxes (33
X 30 x 17 cm) containing wood shavings. They were allowed
to habituate to the observation boxes for 30 min before drug
injection. The total number of yawns was counted for 90 or
60 min following the injection of yawning inducers. The ster-
eotypy of individual rats was observed for 1 min every 10 min
up to 60 min after drug administration. The two behavioral
indices, sniffing and licking, were assessed. Each symptom
was classified into three grades (0-2) by the following criteria:
score 0, normal (0-5 s); score 1, discontinuous behavior (6-
15 s); score 2, continuous behavior {16-30 s), Stereotypy was
assessed by combining the score of two behaviors. The rota-
tion behavior was counted for 60 min after the injection of
apomorphine, OPC-14597, OPC-4392, and (-)-3-PPP at
least 2 weeks after surgery according to previous reports
(5,30).

6-OHDA Lesions

Rats were anesthetized with pentobarbital sodium and
placed on a stereotaxic apparatus (Narishige, Japan). An in-
jection needle was stereotaxically positioned into the left neo-
striatum (anterior: 2.0 mm from bregma, lateral: 3.0 mm from
midline, ventricular: 5.0 mm from dura) (21). 6-Hydroxy-
dopamine (6-OHDA) hydrochloride (2 pg/ul of 0.9% saline
containing 0.2% ascorbic acid) was microinjected into the stri-
atum at a rate of 1 ul/min for 4 min. The infusion rate was
controlled by a Harvard infusion pump (Harvard Apparatus,
South Natick, MA) that drove a 10-ul Hamilton syringe con-
nected to the cannula with fine polyethylene tubing (inner
diameter = 0.52 mm).

Administration of Drugs

Rats received injections of OPC-14597 (0.1-50 mg/kg,
SC), OPC-4392 (0.5-2 mg/kg, SC), (—)-3-PPP (2.5-10
mg/kg, SC), talipexole (0.025 mg/kg, SC), apomorphine (0.5
mg/kg, SC), pindolol (20 mg/kg, IP), haloperidol (0.5
mg/kg, IP), or reserpine (5 mg/kg, IP). Pindolol was injected
60 min and reserpine 24 h prior to the injection of OPC-14597.
For the inhibitory effect on yawning or stereotypy, OPC-
14597, OPC-4392, (—)-3-PPP, and haloperidol were injected
30 min before talipexole or apomorphine.
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Drugs

The following drugs were used: OPC-14597 {7-(4-[4-(2,3-
dichlorophenyl)-1-piperazinyl}butyloxy)-3,4-dihydro-2(['H))-
quinolinone} (Otsuka Pharmaceutical Co., Ltd., Tokyo,
Japan) (Fig. 1), OPC-4392 {7-(3-[4-(2,3-dimethylpheny])pi-
perazinyl] propoxy)-Z(['H])—quinolinone} (Otsuka Pharma-
ceutical Co.) (Fig. 1), (—)-3-PPP [(—)-3-(hydroxyphenyl)-N-
n-propylpiperidine] hydrochloride (Research Biochemical
Inc., Natick, MA), pindolol (Sigma, St. Louis, MO), talipex-
ole (B-HT 920) dihydrochloride (Boehringer Ingelheim, Hy-
ogo, Japan), reserpine (Apoplon Injection, Daiichi, Tokyo,
Japan), haloperidol (Serenace Injection, Dainippon, Osaka,
Japan), and apomorphine hydrochloride (Sandoz, Basel,
Switzerland). OPC-14597 and OPC-4392 were dissolved in an
ethanol/water (1 : 1, v/v) solution with subsequent dilution in
saline, and both agents were administered subcutaneously
(SC) into experimental animals. Pindolol was dissolved in an
excess of equimolar tartaric acid solution with subsequent di-
lution in saline and was injected intraperitoneally (IP) into
experimental animals. The other drugs were dissolved or di-
luted in saline and injected IP or SC into experimental animals
as mentioned above. Doses are expressed in terms of salts with
the exception of OPC-14597, OPC-4392, pindolol, reserpine,
or haloperidol.

Statistical Analysis

Yawning responses and rotation scores were expressed as
mean values + SEM, and statistical analysis for differences
between a control and all groups was performed using a one-
way analysis of variance (ANOVA) followed by the two-tailed
Dunnett’s test. Stereotypy scores were expressed as mean val-
ues, and nonparametric statistical analysis was done using the
two-tailed Mann-Whitney U-test.

RESULTS

Yawning Induced by OPC-14597, Talipexole, ( — )-3-PPP,
and OPC-4392

Control rats treated with saline (I ml/kg, SC) yawned only
occasionally. Talipexole (0.025 mg/kg, SC) induced marked
yawning behavior. (—)-3-PPP (2.5-10 mg/kg, SC) and OPC-
4392 (0.5-2 mg/kg, SC) also elicited yawning behavior (Fig.
2). However, dose-response of yawning to (—)-3-PPP was
bell shaped with the maximal effect at 5 mg/kg. OPC-4392
evoked yawning in a dose-dependent manner. As shown in
Fig. 3, OPC-14597 (0.1-5 mg/kg, SC) also dose-dependently
induced the yawning but the effect was significant at only 5
mg/kg. Thus, OPC-14597 was weaker in inducing yawning
than OPC-4392.

Inhibition by OPC-14597 of Talipexole-Induced Yawning

Talipexole (0.025 mg/kg, SC) elicited yawning; the mean
number of yawns during 60 min from eight rats was 13.3 +
2.9 (Fig. 4). The talipexole-induced yawning was markedly
inhibited by pretreatment with haloperidol (0.5 mg/kg, IP) or
(-)-3-PPP (10 mg/kg, SC). The yawning was also inhibited
slightly by OPC-4392 at 2 mg/kg. The behavior was dose-
dependently inhibited by OPC-14597 (0.1-5 mg/kg, SC) as
well, with similar effects between 0.5 and 5 mg/kg.

Potentiation of OPC-14597-Induced Yawning by Pindolol or
Reserpine

As shown in Fig. 5, the yawning induced by OPC-14597
(0.1-5 mg/kg, SC) was markedly increased by pretreatment
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FIG. 1. Chemical structures of OPC-14597 and OPC-4392.

with either pindolol (20 mg/kg, IP) or reserpine (5 mg/kg,
IP). Pindolol or reserpine administered alone did not induce
yawning.

Effects of OPC-14597 on Stereotypy

Apomorphine (0.5 mg/kg, SC) induced stereotypy such as
sniffing and licking; the mean number of episodes of stereo-
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FIG. 2. Yawning induced by talipexole, (—)-3-PPP, and OPC-4392
in rats. The number of yawns was counted for 90 min following
injection of saline, talipexole (0.025 mg/kg, SC), (—)-3-PPP (2.5-10
mg/kg, SC), or OPC-4392 (0.5-2 mg/kg, SC). Values are means +
SEM (horizontal lines) of yawns from eight rats. *p < 0.05, **p <
0.01, significant difference from the saline-injected group, determined
by Dunnett’s test.

typy during 60 min from eight rats was 13.3 (Fig. 6). However,
OPC-14597 (5-20 mg/kg, SC), haloperidol (0.5 mg/kg, IP),
(—)-3-PPP (10 mg/kg, SC), and OPC-4392 (2 mg/kg, SC) did
not induce stereotypy. The apomorphine-induced stereotypy
was markedly inhibited by pretreatment with haloperidol (0.5
mg/kg, IP) and (—)-3-PPP (10 mg/kg, SC). Interestingly, the
apomorphine-induced stereotypy was not affected by OPC-
4392 (2 mg/kg, SC) but was inhibited in a dose-dependent
manner by OPC-14597 at a dose range of 5-20 mg/kg.
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FIG. 3. Dose-response of yawning to OPC-14597 in rats. The num-
ber of yawns was counted for 90 min following injection of OPC-
14597 (0.1-5 mg/kg, SC). *p < 0.05, significant difference from the
saline-injected group, determined by Dunnett’s test.
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FIG. 4. Inhibitory effects of OPC-14597 on the yawning induced by
talipexole in rats. A yawn count was started immediately following
the injection of talipexole (0.025 mg/kg, SC). Drugs were given SC
30 min before administration of talipexole. *p < 0.05, **p < 0.01,
significant difference from the control group, determined by Dun-
nett’s test.

Effects of OPC-14597 on Rotation Behavior in
6-OHDA-Lesioned Rats

Treatment with saline (1 ml/kg, SC) had no effect in the
control rats with unilateral 6-OHDA-lesions of the nigrostria-
tal tract. Apomorphine (0.5 mg/kg, SC) markedly induced
contralateral rotation behavior (107.2 + 13.9 turns). How-
ever, (~)-3-PPP (5, 10 mg/kg, SC), OPC-4392 (1, 2 mg/kg,
SC), and OPC-14597 (5, 10 mg/kg, SC) did not induce the
rotation behavior (data not shown).

DISCUSSION

Previous observations have shown the presence of at least
two dopamine receptor subtypes: dopamine D, receptors
linked positively to adenylate cyclase and dopamine D, recep-
tors not linked or linked negatively to adenylate cyclase
(12,31,35). In addition, the dopamine receptor has recently
been divided into more subtypes. The dopamine D; receptor is
localized to limbic areas of the brain, which are associated
with cognitive, emotional, and endocrine functions. It appears
to mediate some of the effects of antipsychotic and anti-
Parkinson’s drugs that were previously thought to interact
only with dopamine D, receptors (27). 7-OH-DPAT was re-
cently identified as a dopamine receptor agonist having a
> 100-, >1,000-, and > 10,000-fold higher affinity for dopa-
mine D, than for D,, D,, and D, receptors (16). Quinpirole
has also been reported to have a 113-fold higher affinity for
dopamine D, receptors than D, receptors (27). The dopamine
D, receptor gene has high homology to the human dopamine
D, and D, receptor genes. The pharmacological characteristics
of this receptor resemble those of dopamine D, and D, recep-
tors, but its affinity for clozapine is one order of magnitude

FUJIKAWA ET AL.

higher (34). OPC-14597 was recently proposed to possess the
following rank order of receptor affinity; D, > D, > D, >
D,, > D;z (26), indicating that OPC-14597 acts predomi-
nantly on dopamine D, receptors.

Apomorphine and piribedil, dopamine D,/D, receptor ago-
nists, exerted biphasic effects on behavior (i.e., inducing
yawning and hypomotility at low doses, and stereotypy and
hypomotility at high doses) (4,32,36,37). Furthermore, our
previous studies found that talipexole and SND 919, dopa-
mine D, receptor agonists, markedly induced yawning but did
not cause or induced only slight stereotypy even at larger
doses, and that the yawning induced was inhibited by the
selective dopamine D, receptor antagonist, spiperone, and the
muscarinic receptor antagonist, scopolamine, but was unaf-
fected by the selective dopamine D, receptor antagonist, SCH
23390 (6,18,19,36,41). These findings suggest that the yawning
is mediated via stimulation of dopamine D, receptors and con-
sequent cholinergic activation.

In the present study, OPC-14597, OPC-4392, and (-)-3-
PPP induced yawning as did talipexole. However, the dose-
response to (—)-3-PPP was bell shaped whereas those to
OPC-4392 and OPC-14597 were dose dependent, OPC-4392
being more effective in inducing yawning. On the other hand,
the talipexole-induced yawning was markedly inhibited by pre-
treatment with haloperidol, a dopamine receptor antagonist,
or (—)-3-PPP, a partial dopamine receptor agonist, whereas
the yawning was not significantly inhibited by OPC-4392. The
yawning was also inhibited in a dose-dependent manner by
OPC-14597 at doses of 0.1-0.5 mg/kg, but the inhibition
reached almost a maximum even at higher doses of 0.5-5
mg/kg, presumably because OPC-14597 exerted both antago-
nistic and agonistic activities. Thus, OPC-14597 exhibits
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FIG. 5. Potentiation of OPC-14597-induced yawning by pindolol or
reserpine in rats. The number of yawns was counted for 90 min fol-
lowing injection of OPC-14597 (0.1-5 mg/kg, SC). Pindolol (20
mg/kg, IP) or saline (1 ml/kg, IP) was administered 60 min and
reserpine (5 mg/kg, IP) 24 h before OPC-14597. Open columns: sa-
line-pretreated, hatched columns: pindolol-pretreated, striped col-
umns: reserpine-pretreated. Columns represent means + SEM (verti-
cal lines) of the number of yawns counted during a 90-min observation
period in 8-12 rats. *p < 0.05, **p < 0.01, significant difference
from saline plus OPC-14597-injected respective control groups, deter-
mined by Dunnett’s test.
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FIG. 6. Inhibitory effects of OPC-14597 on the stereotypy induced
by apomorphine in rats. Each rat was scored for degree of stereotypy
every 10 min after SC injection of apomorphine (0.5 mg/kg) and each
score was accumulated for 60 min. Saline, haloperidol (0.5 mg/kg),
(-)-3-PPP (10 mg/kg), OPC-4392 (2 mg/kg), or OPC-14597 (5-20
mg/kg) was injected 30 min prior to injection of apomorphine. Values
are means of the final accumulated scores of stereotypy from 8-14
rats. *p < 0.05, **p < 0.01, significant difference from the saline-
injected control group, determined by Mann-Whitney U-test.

weaker agonistic and stronger antagonistic and OPC-4392
stronger agonistic and weaker antagonistic effects on dopa-
mine D, receptors involved in the yawning behavior. We re-
cently found that putative dopamine D, receptor agonists, 7-
OH-DPAT (10-250 pg/kg) and quinpirole (25-500 ug/kg),
elicited yawning but the behavior induced by these agents was
strongly blocked by spiperone, a dopamine D, receptor antag-
onist (15), suggesting the participation of dopamine D, recep-
tors in inducing yawning. Recently, clozapine has been re-
ported to be a dopamine D, receptor antagonist (34); however,
the effects of clozapine on yawning have not been presented.

Previous studies have shown that yawning responses to
dopaminergic agonists and cholinergic agents are increased
after treatment with 8-adrenoceptor antagonists such as pin-
dolol and propranolol (13,38). The potentiation is elicited by
central (-adrenoceptor blockers that can reach the brain
through the blood-brain barrier, but not by peripheral (-
adrenoceptor blockers, carteolol and atenolol, indicating that
potentiation by §-adrenoceptor blockers occurs in the brain
(38). Moreover, we previously noted that the yawning elicited
by apomorphine was enhanced after treatment with reserpine
(19,36). Stahle (28) has proposed that autoreceptors are not
the mediators of behavioral effects of dopamine receptor ago-
nists and postsynaptic receptors thereby mediate the dopamine
agonist-induced yawning, and that exogenous agonists may
further activate these sites (24). Accordingly, the exogenous
dopamine agonists may activate more postsynaptic dopamine
receptors when supersensitivities of dopamine receptor occur
after reserpine. In the present study, the yawning induced by
OPC-14597 was potentiated by treatment with pindolol or
reserpine.
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Stereotypy appears after administration of high doses of
D,/D, receptor agonists, apomorphine and piribedil (36,37).
In addition, concurrent stimulation by both dopamine D, and
D, receptors has recently been confirmed to be required for
the appearance of stereotypy (10,17,20,39). In the present
study, the apomorphine-induced stereotypy was markedly in-
hibited by pretreatment with haloperidol and (—)-3-PPP. The
stereotypy was not affected by OPC-4392 but was inhibited in
a dose-dependent manner by OPC-14597, which did not in-
duce-this behavior. These findings suggest that OPC-14597,
butt not OPC-4392, exerts antagonistic effects on postsynaptic
dopamine receptors which are responsible to elicit stereotypy.

After unilateral 6-OHDA lesions, the dopamine D, and
D, receptor agonists, like apomorphine, induce contralateral
rotation behavior (1,7-9,25). In the present study, OPC-
14897, OPC-4392, and (—)-3-PPP did not cause rotation be-
hiwiorin 6-OHDA-lesioned rats. These agents may lack ago-
nistiti¢ffects on postsynaptic dopamine D, receptors that are
invotvieddn evoking rotation.

In out previous study, apomorphine induced yawning at
smaller doses and stereotypy at larger doses (33). Moreover,
talipexole, a selective dopamine D, receptor agonist, induced
only yawning (39). Yawning and suppression of exploration
induced by dopamine agonists have been proposed to be medi-
ated by postsynaptic dopamine receptors, but not by presyn-
aptic autoreceptors, because the change in extracellular level
of dopamine is not related to the behavior (28,29). Besides, we
have proposed that dopamine D, receptors involved in yawn-
ing behavior have a high sensitivity for dopamine receptor
agonists similar to that of dopamine D, autoreceptors and
pituitary lactotroph dopamine D, receptors and seem not to be
involved in the stereotypy behavior (39). In fact, OPC-14597
activates dopamine D, autoreceptors because the agent dose-
dependently inhibited tyrosine hydroxylase activity stimulated
by y-butyrolacton or reserpine (Kikuchi et al., personal com-
munication). In this study, OPC-14597 evoked yawning with-
out inducing stereotypy but antagonized talipexole-induced
yawning and apomorphine-induced stereotypy. Moreover, in
our recent study (unpublished observation), the estrogen-
induced hyperprolactinemia, which involves hyperactivation
of D, receptor by an increased level of dopamine in the hypo-
physeal portal blood, was inhibited by talipexole but was en-
hanced by haloperidol. Under such experimental conditions,
the hyperprolactinemia was enhanced by OPC-14597. On the
other hand, the hyperprolactinemia induced 5 h after reser-
pine, which involves hypoactivation of dopamine D, receptors
by a decreased level of dopamine in the blood, was inhibited
by talipexole but was increased by haloperidol. The hyperpro-
lactinemia produced 5 h after reserpine was reduced by OPC-
14597. Our recent findings thus indicate that OPC-14597 has
a mixed agonist/antagonist profile on dopamine D, receptors
located at lactotroph cells and exerts an antagonistic or ago-
nistic action depending on the preexisting tone of dopaminer-
gic activities.

The present findings demonstrate that OPC-14597 induces
yawning without causing stereotypy and rotation but antago-
nizes the talipexole-induced yawning and apomorphine-
produced stereotypy in rats by exerting partial agonistic ef-
fects on yawning and antagonistic effects on stereotypy.

ACKNOWLEDGEMENT

The authors are grateful to Otsuka Pharmaceutical Company
(Tokyo, Japan) for the gift of OPC-14597 and OPC-4392.



908

19.

FUJIKAWA ET AL.

REFERENCES

. Arnt, J.; Hyttel, J. Differential inhibition by dopamine D,- and

D,-antagonists of circling behaviour induced by dopamine ago-
nists in rats with unilateral in 6-hydroxydopamine lesions. Eur. J.
Pharmacol. 102:349-354; 1984.

. Carlsson, M.; Carlsson, A.; Eriksson, E. The intrinsic activities

of the partial dopamine receptor agonists (—)-3PPP and TDHL
on pituitary dopamine receptors are lower in female than in male
rats. Eur. J. Pharmacol. 142:39-43; 1987.

. Clark, D.; Hjorth, S.; Carlsson, A. Dopamine receptor agonists:

Mechanism underlying autoreceptor selectivity. I. Review of the
evidence, J. Neural Transm. 62:1-52; 1985.

. Di Chiara, G.; Porceddu, M. L..; Vargiu, L.; Argiolas, A.; Gessa,

G. L. Evidence for dopamine receptors mediating sedation in the
mouse brain. Nature 264:564-567; 1976.

. Engber, T. M.; Martin, C.; Susel, Z.; Chase, T. N. Differential

effects of chronic dopamine D, and D, receptor agonists on rota-
tion behavior and dopamine receptor binding. Eur. J. Pharmacol.
236:385-393; 1993.

. Fujikawa, M.; Yamada, K.; Nagashima, M.; Furukawa, T. Involve-

ment of B-adrenoceptors in regulation of the yawning induced by
neuropeptides, oxytocin and a-melanocyte-stimulating hormone, in
rats. Pharmacol. Biochem. Behav. 50:339-343; 1995.

. Gershanik, O.; Heikkila, R. E.; Duvoisin, R. C. Behavioral cor-

relations of dopamine receptor activation. Neurology 33:1489-
1492; 1983.

. Gower, A. J.; Marriott, A. S. Pharmacological evidence for the

subclassification of central dopamine receptors in the rats. Br. J.
Pharmacol. 77:185-194; 1982.

. Herrera-Marschitz, M.; Ungerstedt, U. Evidence that apomor-

phine and pergolide induce rotation in rats by different actions on
D, and D, receptor sites. Eur. J. Pharmacol. 98:165-176; 1984.

. 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, agonist
SK&F 38393. Psychopharmacology (Berlin) 93:534-537; 1987.

. Jerrold, C. W. Antipsychotic drugs (neuroleptics). In: Smith, C.

M.; Reynald, A., eds. Textbook of pharmacology. Philadelphia:
W. B. Saunders Company; 1992:299-308.

. Kebabian, J. W.; Calne, D. B. Multiple receptors for dopamine.

Nature 277:93-96; 1979.

. Kimura, H.; Yamada, K.; Nagashima, M.; Matsumoto, S.; Ishii,

Y.; Yoshida, S.; Fujii, K.; Furukawa, T. Role of adrenergic neu-
ronal activity in the yawning induced by tacrine and NIK-247 in
rats. Pharmacol. Biochem. Behav. 43:985-991; 1992.

. Kiuchi, K.; Hirata, Y.; Minami, M.; Nagatsu, T. Effect of 7-

(3-[4-(2,3-dimethylphenyl)piperazinyl] propoxy)-2(]'H])-quinoli-
none (OPC-4392), a newly synthesized agonist for presynaptic
dopamine D, receptor, on tyrosine hydroxylation in rat striatal
slices. Life Sci. 42:343-349; 1988.

. Kurashima, M.; Yamada, K.; Nagashima, M.; Shirakawa, K.;

Furukawa, T. Effects of putative dopamine D; receptor agonists,
7-OH-DPAT and quinpirole, on yawning, stereotypy and body
temperature in rats. Pharmacol. Biochem. Behav. 52:503-508;
1995.

. Levesque, D.; Diaz, J.; Pilon, C.; Martres, M. P.; Giros, B.;

Souil, E.; Schott, D.; Morgat, J. L.; Schwartz, J. C.; Sokoloff,
P. Identification, characterization, and localization of dopamine
D, receptor in rat brain using 7-[’H}hydroxy-N,N-di-n-propyl-2-
aminotetralin. Proc. Natl. Acad. Sci. USA 89:8155-8159; 1992.

. Mashurano, M.; Waddington, J. L. Stereotyped behaviour in

response to the selective D, dopamine receptor agonist RU24213
is enhanced by pretreatment with the selective D, agonist SK&F
38393. Neuropharmacology 25:947-949; 1986.

. Matsumoto, S.; Yamada, K.; Nagashima, M.; Domae, M.; Shira-

kawa, K.; Furukawa, T. Occurrence of yawning and decrease of
prolactin levels via stimulation of dopamine D, receptors after
administration of SND 919 in rats. Naunyn Schmiedebergs Arch.
Pharmacol. 340:21-25; 1989.

Matsumoto, S.; Yamada, K.; Nagashima, M.; Matsuo, N.; Shira-

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

35.

38.

kawa, K.; Furukawa, T. Potentiation by serotonergic inhibition
of yawning induced by dopamine receptor agonists in rats. Phar-
macol. Biochem. Behav. 32:815-818; 1989.

Meltzer, L. T.; Wiley, J. N.; Williams, A. E.; Heffner, T. G.
Evidence for postsynaptic dopamine agonist effects of B-HT 920
in the presence of the dopamine D, agonist SK&F 38393. Psycho-
pharmacology (Berlin) 95:329-332; 1988.

Pellegrino, L. J.; Pellegrino, A. S.; Cushman, A. J. A stereotaxic
atlas of the rat brain, New York: Premium Press; 1979.

Roth, R. H. Dopamine autoreceptors: Pharmacology, function
and comparison with postsynaptic dopamine receptors. Comm.
Psychopharmacol. 3:429-445; 1979.

Sasa, M.; Ohno, Y.; Takaori, S. Presynaptic inhibition of excit-
atory input from the substantia nigra to caudate nucleus neurons
by a substituted quinolinone derivate, 7-(3-[4-(2,3-dimethylphe-
nyl)piperazinyl}propoxy)-2(['H])-quinolinone (OPC-4392). Life
Sci. 43:263-269; 1988.

Schotte, A.; Paul, F. M. J.; Walter, G.; Luyten, W. H. L. M_;
Josée, E. L. Autoradiographic evidence for the occlusion of rat
brain dopamine D, receptors in vivo. Eur. J. Pharmacol. 218:
373-375; 1992.

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

Sibley, D. R.; Gonzalez, A. M.; Burgess, L. H.; Max, S. L.;
Atkinson, B. N.; Zhang, L. J. Pharmacological characterization
of OPC-14597, a novel antipsychotic agent, using cloned dopa-
mine and serotonin receptor. Neuropsychopharmacology 10:
2528; 1994,

Sokoloff, P.; Giros, B.; Martres, M. P.; Bouthenet, M. L.;
Schwartz, J. C. Molecular cloning and characterization of a novel
dopamine receptor (D,) as a target for neuroleptics. Nature 347:
146-151; 1990.

Stahle, L. Do autoreceptors mediate dopamine agonist-induced
yawning and suppression of exploration? A critical review. Psy-
chopharmacology (Berlin) 106:1-13; 1992.

Stahle, L.; Ungerstedt, U. Yawning and suppression of explora-
tion induced by dopamine agonists: No relation to extracellular
striatal levels of dopamine. Pharmcol. Biochem. Behav. 35:204-
209; 1990.

Stoessl, A. J.; Dourish, C. T.; Iversen, S. D. Apomorphine-
induced yawning in rats is abolished by bilatelal 6-hydroxy-
dopamine lesions of substantia nigra. Psychopharmacology (Ber-
lin) 93:336-342; 1987.

Stoof, J. C.; Kebabian, J. W. Two dopamine receptors: biochem-
istry, physiology and pharmacology. Life Sci. 35:2281-2296; 1984.
Strombom, U. Catecholamine receptor agonists. Effects on mo-
tor activity and rate of tyrosine hydroxylation in mouse brain.
Naunyn Schmiedebergs Arch. Pharmacol. 292:167-176; 1976.
Ushijima, I.; Yamada, K.; Inoue, T.; Tokunaga, T.; Furukawa,
T.; Noda, Y. Muscarinic and nicotinic effects on yawning and
tongue protruding in the rats. Pharmacol. Biochem. Behav. 21:
297-300; 1984.

. Van Tol, H. H. M.; Bunzow, J.; Guan, H. C.; Sunahara, R. K_;

Seeman, P.; Niznik, H. B.; Civelli, O. Cloning of the gene for a
human dopamine D, receptor with high affinity for the antipsy-
chotic clozapine. Nature 350:610-619; 1991.

Weiss, S.; Sebben, M.; Garcia-Sainz, J. A.; Bockaert, J. D, dopa-
mine receptor-mediated inhibition of cyclic AMP formation in
striatal neurons in primary culture. Mol. Pharmacol. 27:595-599;
1985.

. Yamada, K.; Furukawa, T. Direct evidence for involvement of

dopaminergic inhibition and cholinergic activation in yawning.
Psychopharmacology (Berlin) 67:39-43; 1980.

. Yamada, K.; Furukawa, T. The yawning e¢licited by c-melano-

cyte-stimulating hormone involves serotonergic-dopaminergic-
cholinergic neuron link in rats. Naunyn Schmiedebergs Arch.
Pharmacol. 316:155-160; 1981.

Yamada, K.; Matsumoto, S.; Nagashima, M.; Kumagai, M.; Ki-



OPC-14597 ON YAWNING

39.

40.

mura, H.; Furukawa, T. Involvement of central 8-adrenoceptors
in the regulation of yawning responses. Naunyn Schmiedebergs
Arch. Pharmacol. 340:26-30; 1989.

Yamada, K.; Nagashima, M.; Kimura, H.; Matsumoto, S.; Furu-
kawa, T. Possible involvement of differing classes of dopamine
D, receptors in yawning and stereotypy in rats. Psychopharmacol-
ogy (Berlin) 100:141-144; 1990.

Yasuda, Y.; Kikuchi, T.; Tsutsui, M.; Yamada, K.; Hiyama, T.

41.

909

7-(3-[4-(2,3-dimethylphenyl)piperazinyl] propoxy)-2({'H])-quino-
linone (OPC-4392), a presynaptic dopamine autoreceptor agonist
and postsynaptic D, receptor antagonist. Life Sci. 42:1941-1954;
1988.

Zarrindast, M. R.; Poursoltan, M. Interactions of drugs acting
on central dopamine receptors and cholinoceptors on yawning
responses in the rat induced by apomorphine, bromocriptine or
physostigmine. Br. J. Pharmacol. 96:843-848; 1989.



