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Abstract

Grooming behavior in rodents has long been related to dopamine receptors in the brain. However, the relative contribution of
Ž . Ž .dopamine D -like receptors D and D and D -like receptors D , D and D in this behavior has not been established yet. Spontaneous1 1 5 2 2 3 4
Ž .novelty-induced grooming as assessed with a 30-min sampling test was reduced in knockout mice lacking the dopamine D receptor.1

Ž .Furthermore, the intracerebroventricular i.c.v. injection of small quantities of oxytocin, prolactin or the adrenocorticotrophic hormone
Ž .1-24 fragment, ACTH- 1-24 was followed by a diminished level of novelty-induced excessive grooming. These neuropeptides caused a

Ž .sustained increase in grooming level of control animals wild type . Interestingly, the i.c.v. injection of b-endorphin enhanced
novelty-induced grooming to a level similar in control and knockout mice. The systemic administration of the dopamine D receptor2

Ž .antagonist, sulpiride did not suppress the residual grooming activity shown by animals injected with oxytocin, prolactin or ACTH- 1-24 ,
and did not change the behavioral expression of those injected with b-endorphin. In contrast, the systemic administration of the opioid

Ž .receptor antagonist, naloxone, totally suppressed the residual grooming activity of oxytocin-, prolactin- or ACTH- 1-24 -injected mice
and of those treated with b-endorphin. In contrast with the behavioral deficit observed in dopamine D receptor-deficient mice, dopamine1

D receptor-null animals showed a normal expression of spontaneous novelty-induced grooming and a high level of grooming activity2
Ž .induced by i.c.v. injection of oxytocin, prolactin, ACTH- 1-24 or b-endorphin. Again, the peripheral injection of naloxone was followed

by a suppression of neuropeptide-induced excessive grooming in these animals. These data suggest that dopamine D receptors are1

involved in the expression of novelty-induced grooming in mice. In contrast, dopamine D receptors seem not to be important for the2

expression of this behavior. Furthermore, neuropeptide-enhanced grooming involves dopamine D , but not dopamine D receptors.1 2
Ž .However, neurotransmitters other than dopamine e.g., endorphins may play a supplementary role in neuropeptide-enhanced grooming in

mice. q 1999 Elsevier Science B.V. All rights reserved.

Ž . Ž Ž .Keywords: Grooming; Dopamine receptor; Oxytocin; Prolactin; ACTH- 1-24 adrenocorticotrophic hormone- 1-24 ; b-Endorphin

1. Introduction

Grooming is a ‘maintenance’ behavior, a common
species-characteristic movement pattern with readily defin-

Ž .able components Bolles, 1960; Fentress, 1973 . In ro-
dents, spontaneous grooming behavior may occupy as
much as 25%–40% of the awake time, but is specifically
elicited in situations in which an animal is in stress-in-
duced conflict or frustration. A typical condition of such
type is novelty-induced grooming. Under this situation,
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grooming may play a deactivating role in restoring home-
Ž .ostasis Gispen and Isaacson, 1981 . Different neuropep-

tides, related or not to stress, may stimulate novelty-in-
Ž .duced grooming: adrenocorticotrophic hormone ACTH

Ž .and related neuropeptides Gispen et al., 1975 , b-en-
Ž . Ždorphin Gispen et al., 1976 , prolactin Drago et al.,

. Ž1980 , oxytocin and related neuropeptides Drago et al.,
.1986a; Caldwell et al., 1986 . Although the behavioral

element analysis revealed that grooming may be different,
all these neuropeptides act at least in part through the
facilitation of dopamine neurotransmission in the brain
ŽDrago et al., 1981a; Gispen and Isaacson, 1981; Drago et

.al., 1986a; Pedersen et al., 1988 . Opioid neurotransmis-
sion may also be involved in the behavioral effect of
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Ž .PII: S0014-2999 98 00877-2



( )F. Drago et al.rEuropean Journal of Pharmacology 365 1999 125–131126

Žneuropeptides Gispen and Isaacson, 1981; Drago, 1988;
.Pedersen et al., 1988 .

Although grooming behavior in rodents has long been
related to dopamine receptors in the brain, the relative

Ž .contribution of dopamine D -like receptors D and D1 1 5
Ž .and D -like receptors D , D and D in this behavior has2 2 3 4

not been established yet. The dopamine neurotransmission
in the striatum andror in nucleus accumbens seems to play

Ža role in neuropeptide-induced excessive grooming Gispen
.and Isaacson, 1981; Drago et al., 1981a, 1984, 1986b .

Acute administration of psychomotor stimulants such as
amphetamine or cocaine results in behavioral activation,

Žincluding enhancement of grooming Breese et al., 1987;
.Tella, 1994 . In contrast, the use of non-selective dopamine

receptor antagonists reduce or totally abolishes novelty-in-
duced grooming and neuropeptide-induced excessive

Žgrooming in rats Gispen and Isaacson, 1981; Drago et al.,
.1981a; Drago, 1988 .

Mutant mice lacking functional dopamine D receptors1

show various behavioral alterations. The most striking
behavioral abnormality found in dopamine D receptor-null1

Žmice is a drastic reduction of rearing behavior Drago et
.al., 1994 that is not stimulated by acute injection of
Ž .cocaine Xu et al., 1994a; Drago et al., 1996 . These

animals also fail to show cocaine-induced stimulation of
Ž .locomotor activity Drago et al., 1996 . In fact, while

pharmacological studies have shown that rearing may be
stimulated or suppressed by selective dopamine D recep-1

Žtor agonists or antagonists, respectively Hoffman and
.Beninger, 1985; Meyer et al., 1993 , other behaviors may

be influenced by such a drug action. In dopamine D1

receptor-deficient mice, spontaneous grooming and sniff-
ing are not eliminated, and locomotor activity may not be

Ž .decreased Drago et al., 1996 . In the present study,
dopamine D receptor- and dopamine D receptor-defi-1 2

cient mice were used to investigate whether novelty-in-
duced grooming and neuropeptide-induced excessive
grooming are critically dependent on these receptors. For
this purpose, novelty-induced grooming was triggered in
these animals by injection neuropeptides, such as ACTH,
prolactin, oxytocin and b-endorphin.

2. Materials and methods

2.1. Animals

Male homozygous recombinant mice were generated by
breeding heterozygous mutant mice pairs. Mice were rou-
tinely back-crossed to ensure homogeneity of the popula-
tion. Half the mice were homozygous for the dopamine D1

Ž .receptor or dopamine D receptor gene deletion yry ,2
Ž .while the other half were normal controls qrq . The

initial breeding pairs were obtained from the original
breeding colony established at the National Institute of

Health, Bethesda, MD, USA. Ten to 15-week-old mice
were used.

Animals were bred under standard animal housing con-
Žditions, in a 12 h lightrdark cycle lights on between 8:00

.and 20:00 . Commercial animal food and tap water were
available ad libitum. All experiments were conducted blind
to treatment in conformity with the European Communities
Council Directive 86r609rEEC.

2.2. Drug treatment

A week after habituation in the facilities, all animals
were admitted to experimental procedures. They were

Ž .injected intracerebroventricularly i.c.v. using a standard
Žfree-hands procedure insertion of a 5 ml Hamilton syringe
. Žinto the third ventricle with 5 ng oxytocin Cys–Tyr–Ile–

Gln–Asn–Cys–Pro–Leu–Gly–NH acetate salt, Sigma,2
. Ž .USA , 10 ng prolactin rat prolactin, NIH , 10 ng ACTH

w Ž . x1-24 fragment ACTH- 1-24 , Organon, The Netherlands
Ž .or 2 ng b-endorphin Sigma . Neuropeptides were freshly

dissolved in saline and injected in a total volume of 1 ml.
At the end of experimental procedures, all animals were
sacrificed by decapitation and the exact site of injection
was checked by histological examination. All animals
appeared to be correctly injected and hence data of all of
them were included in the statistical analysis.

In some experiments, the dopamine D receptor antago-2
Ž .nist, sulpiride Janssen, Italy or the opioid receptor antag-
Ž .onist, naloxone Sigma were dissolved in saline and in-

jected i.p. at the dose of 5 mgrkg and 2 mgrkg, respec-
tively. It should be noted that these doses are in the range
of those used in other experiments on neuropeptide-en-

Žhanced grooming Gispen and Wiegant, 1976; Gispen et
al., 1976; Wiegant et al., 1978; Gispen and Isaacson, 1981;

.Pedersen et al., 1988; Drago, 1988 .
A group of mice injected with saline in the same

volume and by the same route of the active groups was
included in all experiments.

2.3. BehaÕioral test

Novelty-induced grooming behavior was observed be-
tween 15:00 and 18:00 h, under the same environmental
conditions according to the original method described by

Ž .Gispen et al. 1975 . The mice were placed individually
Ž .into plexiglas boxes 24=12=24 cm in a low noise

room. After a minute of adaptation, the behavior of the
animals was sampled every 15 s, and the occurrence of
grooming was recorded in a session of 30 min. The
occurrence of the following single elements of grooming

Žwas scored as grooming: washing vibrating movements of
the fore paws in front of the snout and liking of the same
paws leading to a series of strokes along the snout and

.semicircular movements over the top of the head , scratch-
Ž .ing scratching of the body by one of the limbs , licking

Ž .licking of the body fur, limbs and tail , and genital
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Ž . Ž .Fig. 1. The expression of novelty-induced grooming in dopamine D receptor-deficient yry or D receptor-deficient yry mice as compared to1 2
Ž .their littermates qrq . Behavioral measure was made with a 30-min sampling test in animals exposed to a novel environment. Values are

w Ž . x Ž .mean"S.E.M. Two-way ANOVA revealed a significant effect of genotype F 3,27 s5.35, P-0.01 . )Significant difference vs. normal qrq
Ž .controls P-0.01, Dunnett’s test for multiple comparisons .

Ž .grooming licking of genital area . Stretching and yawning
episodes were not recorded.

Grooming behavior of all animals was recorded on a
Ž .tape using a videocamera Philips Videocam and then

scored in monitor display by two independent observers.
The mean score of the two observations was used for the
statistical analysis.

All experimental groups of each genotype were com-
posed of 7 mice. In summary, mice were injected i.c.v.

Ž .with saline, oxytocin, prolactin, ACTH- 1-24 or b-en-
dorphin and observed 30 min later. When sulpiride or
naloxone were used, these drugs were injected i.p. 30 min
prior to neuropeptides.

2.4. Statistical analysis

Ž .The two-way analysis of variance two-way ANOVA
followed by the post-hoc Dunnett test for multiple compar-
isons were used for the statistical analysis of data. A P

level of 0.05 or less was accepted as indicative of a
significant difference.

3. Results

Fig. 1 shows the magnitude of novelty-induced groom-
ing in dopamine D receptor- and dopamine D receptor-1 2

Ž .deficient yry mice compared to normal controls
Ž .qrq . Null genotype for dopamine D receptor was1

accompanied by a significant decrease in novelty-induced
w Ž .xgrooming significant effect of genotype P-0.01 . This

behavior was, however, not totally abolished in dopamine
D receptor-null animals. In contrast, dopamine D recep-1 2

tor-deficient mice showed a normal level of novelty-in-
duced grooming.

Small quantities of neuropeptides injected i.c.v. potently
Žstimulated novelty-induced grooming in normal mice Fig.

.2 . Dopamine D receptor-deficient mice that showed a1

Fig. 2. The expression of excessive grooming induced in dopamine D receptor-deficient mice by i.c.v. injection of neuropeptides made 30 min prior to1
Ž .behavioral testing. Doses of neuropeptides were: 5 ng for oxytocin, 10 ng for prolactin, 10 ng for ACTH- 1-24 , and 2 ng for b-endorphin. Values are

w Ž . .x w Ž . .xmean"S.E.M. Two-way ANOVA revealed a significant effect of treatment F 4,34 s5.12, P-0.01 and genotype F 4,34 s4.89, P-0.05 .
Ž . Ž .)Significant difference vs. saline-injected normal qrq controls P-0.01, Dunnett’s test for multiple comparisons . qSignificant difference vs.

Ž . Ž .saline-injected dopamine D receptor-deficient yry animals P-0.01, Dunnett’s test for multiple comparisons .1
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Fig. 3. The effect of sulpiride or naloxone on the expression of excessive grooming induced in dopamine D receptor-deficient mice by i.c.v. injection of1
w Ž . .xneuropeptides. Values are mean"S.E.M. Two-way ANOVA revealed a significant effect of treatment F 4,34 s5.02, P-0.01 . )Significant

Ž . Ž .difference vs. salinersaline-injected yry controls P-0.05, Dunnett’s test for multiple comparisons . qSignificant difference vs. salinerneuro-
Ž . Ž .peptide-injected yry animals P-0.01, Dunnett’s test for multiple comparisons .

Fig. 4. The expression of excessive grooming induced in dopamine D receptor-deficient mice by i.c.v. injection of neuropeptides made 30 min prior to2
Ž .behavioral testing. Doses of neuropeptides were: 5 ng for oxytocin, 10 ng for prolactin, 10 ng for ACTH- 1-24 , and 2 ng for b-endorphin. Values are

w Ž . .xmean"S.E.M. Two-way ANOVA revealed a significant effect of treatment F 4,34 s5.21, P-0.01 . )Significant difference vs. saline-injected
Ž . Ž .normal qrq controls P-0.01, Dunnett’s test for multiple comparisons .

Fig. 5. The effect of sulpiride or naloxone on the expression of excessive grooming induced in dopamine D receptor-deficient mice by i.c.v. injection of2
w Ž . .xneuropeptides. Values are mean"S.E.M. Two-way ANOVA revealed a significant effect of treatment F 4,34 s5.12, P-0.01 . )Significant

Ž . Ž .difference vs. salinersaline-injected yry controls P-0.05, Dunnett’s test for multiple comparisons . qSignificant difference vs. salinerneuro-
Ž . Ž .peptide-injected yry animals P-0.01, Dunnett’s test for multiple comparisons .
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basal level of grooming lower than that of controls also
exhibited an increase of novelty-induced grooming but to a

w Žlevel much smaller significant effect of treatment P-
. Ž .x0.01 and genotype P-0.05 . Interestingly, when b-en-

dorphin was injected, both normal and dopamine D recep-1

tor-null mice exhibited similarly an increased level of
novelty-induced grooming.

The injection of the selective dopamine D receptor2

antagonist, sulpiride did not affect the behavioral activa-
wtion induced by any of the neuropeptides oxytocin, pro-

Ž . xlactin, ACTH- 1-24 or b-endorphin . In contrast, the sys-
temic injection of the non-selective opioid receptor antago-
nist, naloxone was followed by a total suppression of the
residual grooming activity in dopamine D receptor-null1

w Ž . xmice significant effect of treatment P-0.01 , Fig. 3 .
Dopamine D receptor-deficient mice showed a level of2

wexcessive grooming induced by neuropeptides oxytocin,
Ž . xprolactin, ACTH- 1-24 and b-endorphin similar to that of

Ž . w Žqrq normal mice significant effect of treatment P-
. x0.01 , Fig. 4 . Furthermore, the excessive grooming in-

Ž .duced by oxytocin, prolactin, ACTH- 1-24 or b-en-
dorphin was not affected by the peripheral injection of

Ž .sulpiride or naloxone Fig. 5 .

4. Discussion

The neurotransmitter dopamine is expressed in brain
pathways involved in many types of behavior, including
spontaneous grooming and stretching-yawning syndrome
Ž .Mogilincka and Klimek, 1977; Breese et al., 1987 . The
relative contributions of different dopamine receptors sub-
types in dopamine-mediated behaviors have been difficult
to determine because of the poor pharmacological speci-
ficity of most currently available dopamine receptors ago-
nists and antagonists. The availability of transgenic knock-
out mice has recently provided a tool for assessing the role
of dopamine receptors in behavior.

Neuropeptide-induced excessive grooming in rodents
has long been related to dopamine neurotransmission in
the brain. The grooming elicited by small doses of mor-
phine administered peripherally to rats appears to be de-

Žpendent on intact dopaminergic system Ayan and Ran-
.drup, 1973; Cools et al., 1974 . Low doses of the non-

selective dopamine receptors antagonists, haloperidol or
flufenazine markedly suppress ACTH-induced excessive

Ž .grooming Wiegant et al., 1977 . In particular, the
dopaminergic nigro-striatal and nigro-accumbens systems
seem to be involved in the behavioral effect of ACTH
Ž .Gispen et al., 1980; Gispen and Isaacson, 1981 . Pro-
lactin-induced excessive grooming is also related to
dopamine neurotransmission in the brain, as this behavior

Žis suppressed by haloperidol injected peripherally Drago
.et al., 1980 or into the striatum or the nucleus accumbens

Ž .Drago et al., 1981a, 1984; Drago, 1988 . Excessive
grooming induced by oxytocin is also blocked by periph-

Ž .eral on intracerebral haloperidol Drago et al., 1986a,b .
Furthermore, substance P-induced grooming depends on
the action of this neuropeptide with the A10 dopaminergic

Ž .brain area Stinus et al., 1978 .
Dopamine D receptor-deficient mice show various be-1

havioral alterations including a suppression of rearing be-
Ž .havior Drago et al., 1994 that is not stimulated by acute

Ž .injection of cocaine Xu et al., 1994a; Drago et al., 1996 .
The deficit of rearing behavior expression has been consid-
ered as a result of dysfunction in motivational aspects of

Ž .behavior Drago et al., 1996 . Dopamine D receptor-1

mutant mice evidence unaltered sniffing and sifting re-
sponses to the selective dopamine D receptor agonist,1

Ž .A68930 Clifford et al., 1998 . These animals may show
Žeither no change in locomotor activity Drago et al., 1994,

. Ž .1996 or hyperactivity Xu et al., 1994b . When cocaine is
administered to dopamine D receptor-null mice, either no1

Ž .change in locomotor activity Miner et al., 1995 or dose-
Ž .dependent hypoactivity Xu et al., 1994a may be ob-

served. Both control and mutant dopamine D receptor-de-1

ficient mice exhibit cocaine conditioned place preference
Ž .Miner et al., 1995 and behavioral sensitization to am-
phetamine, as animals pre-exposed and tested with am-
phetamine were more active than mice acutely tested with
the drug. However, the amphetamine-induced locomotor
hyperactivity is significantly reduced when dopamine D1

receptor-deficient mice are compared to similarly treated
controls, indicating that the sensitized response is less
pronounced in dopamine D receptor-deficient mice1
Ž .Crawford et al., 1997 .

The present results show that novelty-induced grooming
Ž .is less expressed in dopamine D receptor yry mice1

Ž .than in dopamine D receptor yry and their littermate2

controls. A decrease in spontaneous grooming of dopamine
D receptor-null mice was already described by Xu et al.1
Ž . Ž .1994b . However, recently Clifford et al. 1998 have
reported that dopamine D receptor-deficient mice show1

unaltered grooming activity, while intense grooming to the
highest dose of the selective dopamine D receptor ago-1

nist, A68930, was attenuated but still occurred to signifi-
cant excess compared to vehicle controls. Furthermore,

Žgrooming was attenuated while intense grooming was
.unaltered when the ‘anomalous’ selective dopamine D1

receptor agonist, SKF83959 was administered. It is diffi-
cult to explain the difference of these results compared to
the present findings: it may depend on variables in behav-
ioral analysis, different parameters measured, difference in
animal strain. Possible differences may also apply to the
genetic histories of the subjects and the locations of testing
in the two studies. A compensatory mechanism may also
have occurred in knockout animals. In fact, the possibility
has been hypothesized that a D -like receptor other than1

D may mediate typical D -like function and participate1A 1

in D rD receptor interactions through an influence of1 2

compensatory mechanisms consequent to developmental
Ž .absence of D receptors Clifford et al., 1998 . It is clear1A
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that full acceptance of the singular importance of the D1

receptors on grooming will depend on resolution of these
conflicting results.

The behavioral changes in dopamine D receptor-defi-1

cient mice may differ considerably from the behavioral
consequences of dopamine D or D receptors elimination.2 3

Mice without functional dopamine D receptors show2

more Parkinsonian-like motor dysfunction with severe aki-
Ž .nesia Baik et al., 1995 and fail to exhibit any opiate

Ž .rewarding effect Maldonado et al., 1997 . In contrast,
dopamine D receptor-deficient mice are hyperactive, with3

increased locomotor activity and rearing in the open field
Ž .test Accili et al., 1996 . These animals enter open arms of

the plus maze significantly more often and longer than
their littermates, but do not differ in closed-arm entries, an

Ž .index of general activity Steiner et al., 1997 . Further-
more, dopamine D receptor-mutant mice exhibit increased3

behavioral sensitivity to concurrent stimulation of
Ždopamine D receptors and dopamine D receptors Xu et1 2

.al., 1997 . Thus, dopamine receptor subtypes contribute to
dopamine control of behavior in a qualitatively different
manner.

The present study also shows that magnitude of neu-
ropeptide-induced excessive grooming is reduced in
dopamine D receptor-deficient mice compared to that of1

their littermates. In contrast, dopamine D receptor-null2

mice show a normal level of behavioral activation. Only
the i.c.v. injection of b-endorphin is followed by induction

Ž . Ž .of excessive grooming both in D yry and D yry1 2

mice. The participation of opiate receptors in the residual
neuropeptide-induced excessive grooming of dopamine D1

receptor-null mice and in the full expression of this behav-
ior observed after b-endorphin administration is confirmed
by the suppression of grooming after peripheral injection
of the opiate receptor antagonist, naloxone. In contrast, the
injection of the selective dopamine D receptor antagonist,2

sulpiride, does not affect the behavioral activation in mice.
Furthermore, neuropeptide-induced excessive grooming in
dopamine D receptor-deficient mice appears also to be2

suppressed by naloxone. It is known that this drug may
suppress excessive grooming induced by different neu-

Ž . Žropeptides, such as ACTH- 1-24 Gispen and Wiegant,
. Ž .1976 , prolactin Drago et al., 1981b; Drago, 1988 , and

Ž .oxytocin Pedersen et al., 1988 . Furthermore, b-endorphin
Žinduces excessive grooming Gispen et al., 1976; Wiegant

. Žet al., 1978 that is totally blocked by naloxone Gispen
.and Isaacson, 1981 . Thus, the present findings suggest

that naloxone-sensitive opioid receptors are functionally
expressed both in dopamine D receptor- and dopamine D1 2

receptor-null mice, and that these receptors may be respon-
sible for the residual grooming activity in dopamine D1

receptor-deficient mice and the full expression of this
behavior in dopamine D receptor-mutant animals ob-2

served after central application of neuropeptides.
In conclusion, these data suggest that dopamine D1

receptors play a pivotal role in the expression of novelty-

induced grooming in mice. In contrast, dopamine D re-2

ceptors seem to be not important for the expression of this
behavior. Furthermore, neuropeptide-enhanced grooming
involves dopamine D receptors, but not dopamine D1 2

receptors. However, neurotransmitters other than dopamine
Ž .e.g., endorphins may play a supplementary role in neu-
ropeptide-enhanced grooming in mice.

References

Accili, D., Fishburn, C.S., Drago, J., Steiner, H., Lachowicz, J.E., Park,
B.-H., Gauda, E.B., Lee, E.J., Cool, M.H., Sibley, D.R., Gerfen, C.R.,
Westphal, H., Fuchs, S., 1996. A targeted mutation of the D dopamine3

receptor gene is associated with hyperactivity in mice. Proc. Natl.
Acad. Sci. USA 93, 1945–1949.

Ayan, I.H., Randrup, A., 1973. Behavioral and pharmacological studies
on morphine-induced excitation of rats. Possible relation to brain

Ž .catecholamines. Psychopharmacol. Berlin 29, 289, 298.
Baik, J.-H., Picetti, R., Saiardi, A., Thiriet, G., Dierich, A., Depaulis, A.,

Le Meur, M., Borrelli, E., 1995. Parkinsonian-like locomotor impair-
ment in mice lacking dopamine D receptors. Nature 377, 424–428.2

Bolles, R.C., 1960. Grooming behavior in the rat. J. Comp. Physiol.
Psychol. 53, 306–310.

Breese, G.R., Duncan, G.E., Napier, T.C., Bondy, S.C., Iorio, L.C.,
Mueller, R.A., 1987. 6-Hydroxydopamine treatments enhance behav-
ioral responses to intracerebral microinjection of D - and D -dopa-1 2

mine agonists into nucleus accumbens and striatum without changing
dopamine antagonist binding. J. Pharm. Exp. Ther. 240, 167–176.

Caldwell, J.D., Drago, F., Prange, A.J., Pedersen, C.A., 1986. A compari-
son of grooming behavior potencies of neurohypophyseal nonapep-
tides. Reg. Peptides 14, 261–271.

Clifford, J.J., Tighe, O., Crocke, D.T., Sibley, D.R., Drago, J., Wadding-
ton, J.L. 1998. Behavioural topography to D -like and D -like ago-1 2

nists following targeted gene deletion of the D A dopamine receptor.1

XXIst CIMP Congress, Glasgow, Abst. NRT009.
Cools, A.R., Janssen, H.J., Broekkamp, C.L.E., 1974. The differential

role of the caudate nucleus in the initiation and maintenance of
morphine-induced behavior in rats. Arch. Int. Pharmacodyn. 210,
163–164.

Crawford, C.A., Drago, J., Watson, J.B., Levine, M., 1997. Effects of
repeated amphetamine treatment on the locomotor activity of the
dopamine D A-deficient mouse. NeuroReport 8, 2523–2527.1

Drago, F., 1988. The role of prolactin in rat grooming behavior. Ann.
N.Y. Acad. Sci. 525, 237–244.

Drago, F., Canonico, P.L., Bitetti, R., Scapagnini, U., 1980. Systemic and
intraventricular prolactin induces excessive grooming. Eur. J. Pharma-
col. 65, 457–458.

Drago, F., Bohus, B., Canonico, P.L., Scapagnini, U., 1981a. Prolactin
induces grooming in the rat: possible involvement of nigrostriatal
dopaminergic system. Pharm. Biochem. Behav. 15, 61–63.

Drago, F., Gispen, W.H., Bohus, B. 1981. Behavioral effects of prolactin:
Ž .involvement of opioid receptors. In: Takagi, H., Simon, E.J. Eds. ,

Advances in Endogenous and Exogenous Opioids. Kodansha, Tokyo,
pp. 335–337.

Drago, F., Kovacs, G.L., Continella, G., Scapagnini, U., 1984. Dopamine
in the nucleus accumbens: its role in prolactin-enhanced grooming of
the rat. Biogenic Amines 1, 75–81.

Drago, F., Pedersen, C.A., Caldwell, J.D., Prange, A.J. Jr., 1986a.
Oxytocin potently enhances novelty-induced grooming behavior in
the rat. Brain Res. 368, 287–295.

Drago, F., Caldwell, J.D., Pedersen, C.A., Continella, G., Scapagnini, U.,
Prange, A.J. Jr., 1986b. Dopamine neurotransmission in the nucleus
accumbens may be involved in oxytocin-enhanced grooming behavior
of the rat. Pharm. Biochem. Behav. 24, 1185–1188.



( )F. Drago et al.rEuropean Journal of Pharmacology 365 1999 125–131 131

Drago, J., Gerfen, C.R., Lachowicz, J.E., Steiner, H., Hollo, T.R., Love,
P.E., Ooi, G.T., Grinberg, A., Lee, E.J., Huang, S.P., Bartlett, P.F.,
Jose, P.A., Sibley, D.R., Westphal, H., 1994. Altered striatal function
in a mutant mouse lacking D dopamine receptors. Proc. Natl. Acad.1A

Sci. USA 91, 12564–12568.
Drago, J., Gerfen, C.R., Westphal, H., Steiner, H., 1996. D dopamine1

receptor-deficient mouse: cocaine-induced regulation of immediate-
early gene and substance P expression in the striatum. Neuroscience
74, 813–823.

Fentress, J.C., 1973. Development of grooming in mice with amputated
limb. Science 179, 704–705.

Gispen, W.H., Isaacson, R.L., 1981. ACTH-induced excessive grooming
in the rat. Pharm. Ther. 12, 209–246.

Gispen, W.H., Wiegant, V.M., 1976. Opiate antagonists suppress
ACTH1-24-induced excessive grooming in the rat. Neurosci. Lett. 2,
159–164.

Gispen, W.H., Wiegant, V.M., Greven, H.M., De Wied, D., 1975. The
induction of excessive grooming in the rat by intraventricular applica-
tion of peptides derived from ACTH: structure activity studies. Life
Sci. 17, 645–652.

Gispen, W.H., Wiegant, V.M., Bradbury, A.F., Hulme, E.C., Smyth,
D.G., Snell, C.R., De Wied, D., 1976. Induction of excessive groom-
ing in the rat by fragments of lipotropin. Nature 264, 794–795.

Gispen, W.H., Ormond, D., Ten Haaf, J., De Wied, D., 1980. Modulation
w 1 xof ACTH-induced grooming by des-Tyr -b-endorphin and haloperi-

dol. Eur. J. Pharmacol. 63, 203–207.
Hoffman, C., Beninger, R.J., 1985. The D dopamine receptor antagonist,1

SCH 23390, reduces locomotor activity and rearing in rats. Pharm.
Biochem. Behav. 22, 341–342.

Maldonado, R., Saiardi, A., Valverde, O., Samad, T.A., Roques, B.P.,
Borrelli, E., 1997. Absence of opiate rewarding effects of mice
lacking dopamine D receptors. Nature 388, 586–589.2

Meyer, M.E., Cottrell, G.A., Van Hartesveldt, C., Potter, T.J., 1993.
Effects of dopamine D antagonists SCH-23390 and SKF-83566 on1

locomotor activities in rats. Pharm. Biochem. Behav. 44, 429–432.
Miner, L.L., Drago, J., Chamberlain, P.M., Donovan, D., Uhl, G.R.,

1995. Retained cocaine conditioned place preference in D receptor1

deficient mice. NeuroReport 6, 2314–2316.

Mogilincka, E., Klimek, V., 1977. Drugs affecting dopamine neurons and
yawning behavior. Pharmacol. Biochem. Behav. 7, 303–305.

Pedersen, C.A., Caldwell, J.D., Drago, F., Noonan, L.R., Peterson, G.,
Hood, L.E., Prange, A.J., 1988. Grooming behavioral effects of
oxytocin. Pharmacology, ontogeny and comparison with other non-
apeptides. Ann. N.Y. Acad. Sci. 525, 245–256.

Steiner, H., Fuchs, S., Accili, D., 1997. D dopamine receptor-deficient3

mouse: evidence for reduced anxiety. Physiol. Behav. 63, 137–141.
Stinus, L., Kelley, Iversen, S.D., 1978. Increased spontaneous activity

following substance P infusion into A10 dopaminergic area. Nature
276, 616–618.

Tella, S.R., 1994. Differential blockade of chronic versus acute effects of
intravenous cocaine by dopamine receptor antagonists. Pharm.
Biochem. Behav. 48, 151–159.

Wiegant, V.M., Cools, A.R., Gispen, W.H., 1977. ACTH-induced exces-
sive grooming involves brain dopamine. Eur. J. Pharmacol. 41,
343–345.

Wiegant, V.M., Jolles, J., Gispen, W.H., 1978. b-endorphin grooming in
Ž .the rat: single dose tolerance. In: Van Ree J.M., Terenius L. Eds. ,

Characteristics and Function of Opioids, Developments in Neuro-
science. Elsevier North Holland Biomedical Press, Amsterdam, pp.
447–450.

Xu, M., Hu, X.-T., Cooper, D.C., Moratalla, R., Graybiel, A.M., White,
F.J., Tonegawa, S., 1994a. Elimination of cocaine-induced hyperactiv-
ity and dopamine-mediated neurophysiological effects in dopamine
D receptor mutant mice. Cell 79, 945–955.1

Xu, M., Moratalla, R., Gold, L.H., Hiroi, N., Koob, G.F., Graybiel, A.M.,
Tonegawa, S., 1994b. Dopamine D receptor mutant mice are defi-1

cient in striatal expression of dynorphin and in dopamine-mediated
behavioral responses. Cell 179, 729–742.

Xu, M., Koeltzow, T.E., Santiago, G.T., Moratalla, R., Cooper, D.C., Hu,
X.T., White, N.M., Graybiel, A.M., White, F.J., Tonegawa, S., 1997.
Dopamine D receptor mutant mice exhibit increased behavioral3

sensitivity to concurrent stimulation of D and D receptors. Neuron1 2

19, 837–848.


