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Interactions of drugs acting on central dopamine
receptors and cholinoceptors on yawning responses in
the rat induced by apomorphine, bromocriptine or
physostigmine
'M.R. Zarrindast & M. Poursoltan

Department of Pharmacology, Medical Faculty, University of Tehran, Tehran, Iran

1 Yawning was induced by subcutaneous (s.c.) injection of low doses of apomorphine to rats. This
effect decreased with increasing doses of the drug.
2 Intraperitoneal (i.p.) pretreatment of animals with sulpiride (D2-receptor blocker) reduced the
frequency of the yawns induced by apomorphine, while SCH 23390 (Dl-receptor blocker, s.c.)
pretreatment increased the small number of yawns which was induced by higher doses of apomor-
phine. Administration ofSCH 23390 alone to rats also produced a low degree of yawning.
3 Apomorphine-induced yawning was decreased in animals treated with SK&F 38393
(D1-agonist, i.p.), atropine (i.p.) or theophylline (i.p.).
4 Intraperitoneal injection of bromocriptine (D2-agonist) in rats also induced dose-dependent
yawning. The effect was decreased in animals pretreated with sulpiride, while SCH 23390 pretreat-
ment did not change bromocriptine-induced yawning significantly. Pretreatment of animals with
SK&F 38393, atropine or theophylline reduced the number of yawns induced by bromocriptine.
5 Physostigmine (i.p.) but not neostigmine (i.p.) also induced yawning. The effect was antagonized
by atropine or theophylline but not by sulpiride. Administration of SK&F 38393 decreased
yawning induced by physostigmine. This inhibitory influence of SK&F 38393 was reduced by SCH
23390 in pretreated animals. Treatment of animals with SCH 23390 or bromocriptine increased the
frequency of yawns induced by physostigmine.
6 It is concluded that D2-receptor activation elicits yawning through influence on cholinergic
mechanisms, whereas D1-receptor stimulation decreases yawning behaviour by a negative influence
on the cholinergic system.

Introduction

Biochemical and pharmacological evidence indicate
that two different dopamine receptors, termed D1
and D2 mediate the dopamine functions in brain
(Garau et al., 1978; Kebabian & Calne, 1979; Stoof
& Kebabian, 1984; Onali et al., 1985; Weiss et al.,
1985). These two categories of dopamine receptors
are distinct molecular entities (Nielsen et al., 1984;
Dumbrille-Ross et al., 1985) with different distribu-
tions (Altar et al., 1985; Dawson et al., 1985; Martres
et al., 1985; Scatton & Dubois, 1985).
Both D1- and D2-dopamine receptors, which exist

in striatum, can stimulate and inhibit the striatal
cyclic AMP formation respectively (Onali et al.,
1984; Stoof & Kebabian, 1981; 1984). Striatum con-

' Author for correspondence.

tains the highest concentration of acetylcholine in
the brain (Sethy et al., 1973). Available evidence sug-
gests that dopamine receptors have a regulatory role
on striatal acetylcholine (Sethy & Van Woert, 1974).
The opposing effects of D1- and D2-receptors on
striatal cholinergic neurones have also been shown
(Fage & Scatton, 1986).
Yawning can be induced in experimental animals

by the dopamine receptor agonists apomorphine,
norpropylnorapomorphine and lisuride (Mogilnicka
& Klimek, 1977; Baggio & Ferrari, 1983). It has
been proposed that stimulation of dopamine autore-
ceptors, and therefore inhibition of dopaminergic
transmission in the brain, causes yawning (Yamada
& Furukawa, 1980; Protais et al., 1983; Baggio &
Ferrari, 1983). This behaviour appears to be cen-
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trally mediated (Dourish et al., 1985) and due to
septal and striatal D2-receptor activation (Yamada
et al., 1986), although results obtained by some
workers (Morelli et al., 1986) contradict the hypothe-
sis that apomorphine produces yawning by acting on
dopamine autoreceptors.
Some investigators have suggested that central

cholinergic mechanisms are involved in yawning
behaviour (Urbaf-Holmgren et al., 1977; Yamada &
Furukawa, 1980; Ushijima et al., 1984). Drugs acting
on both cholinoceptors and dopamine receptors
have been used to investigate the influence of D1-
and D2-receptors on yawning behaviour.

Methods

Male albino rats weighing 200-250g were used in
these experiments. They were housed 10 per cage, in
a room on a 12 h/12 h light-dark cycle at 20 + 20C.
Food and water were freely available except during
the time of experiments.

Results

Effects of drugs on yawning induced by
apomorphine

Figure 1 illustrates the yawning induced by different
doses of apomorphine and the effects of SCH 23390
or sulpiride on this behaviour. Subcutaneous (s.c.)
injection of low doses of apomorphine (0.1, 0.3 and
0.6mgkg-') induced yawning in rats. The maximal
effect was observed at 0.1 mg kg1- . It decreased with
higher doses. Pretreatment of animals with sulpiride
(10mgkg-1, i.p., 30min) diminished the number of
yawns induced by apomorphine (0.1-0.6mgkg 1,
s.c.). SCH 23390 pretreatment (0.05 mgkg- ', s.c.,
30 min) potentiated the frequency of the small
number of yawns elicited by higher doses
(0.6mg kg- ', s.c.) of apomorphine. Administration of
SCH 23390 alone (0.05mgkg-1, s.c.) also caused a
low degree of yawning with a mean + s.e. of
5.9 + 2.1 (not shown). This effect of the drug was
observed in 80% of animals.
SK&F 38393 (8mgkg-', i.p.) reduced the number

of yawns produced by apomorphine injection (Table

Behavioural observations

Rats were placed individually in a plastic cage at
20 + 2°C during experiments and allowed to habit-
uate for 15min before injection of drugs. No more
than two rats were observed simultaneously.
Yawning was counted by direct observation after
drug injection. The results were recorded and
expressed as number of yawns in a 60min period.
The statistical analysis of the data was performed by
ANOVA followed by Student's t test. Difference with
P < 0.05 were considered statistically significant.

Drugs

The drugs used were apomorphine hydrochloride
(MacFarlan Smith Ltd, England), bromocriptine
(Sandoz, Switzerland), SCH 23390 (R-(+)-8-chloro-
2,3,4,5-tetrahydro-3-methyl-5-phenyl-1H-3-benzaze-
pine-7-ol maleate; Schering, Italy), sulpiride (Dela-
grange, France), SK&F 38393 (1-phenyl-7,8-dihy-
droxy-2,3,4,5-tetrahydro-1H-3-benzazepine hydro-
chloride; R.B.Inc. Wayland, U.S.A.), atropine sul-
phate (E. Merck, Germany), physostigmine salicylate
(Sigma, England), neostigmine methylsulphate (amp.,
Waldemar-Weimer, Germany) and theophylline
(Sigma, England). Bromocriptine was dissolved in
saline by the use of crystalline tartaric acid and a few
drops of alcohol. Other drugs were dissolved in
saline. The drugs were prepared immediately before
use and were injected in a volume 1 ml kg- '.
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Figure 1 Yawning induced by administration of differ-
ent doses of apomorphine in presence or absence of
antagonists. Rats were injected subcutaneously with
apomorphine alone (0) or with either SCH 23390 (A)
(0.05mgkg-1, s.c.) or sulpiride (U) (10mgkg-', i.p.)
30min before apomorphine injection. The number of
yawns was counted immediately after administration of
apomorphine for 60min. Each point is the mean for
minimum of 8 experiments; vertical bars show s.e.mean.
* P < 0.05; ** P < 0.001: significantly different from
apomorphine-treated group.
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Table 1 Frequency of yawns induced by apomor-
phine (0.3mg kg-') in rats in presence or absence
of other drugs

Drug

Saline
SK&F 38393
Theophylline
Atropine

Yawns/60 min
mg kg 1 Mean ± s.e.

1 ml 12.1 + 2.3
8 2.8 + 1.7*

25 0.2 + 0.2**
10 0.0 +0.0**

n

8
6
6
6

SK&F 38393 (i.p.), theophylline (i.p.) and atropine
(i.p.) were injected respectively 0, 60 and 10min
before apomorphine injection (s.c.)
* P < 0.01; ** P < 0.001: significantly different
from saline control group.

1). Yawning induced by apomorphine was abolished
in animals pretreated with theophylline (25 mg kg 1,
i.p., 60min) or atropine (l0mgkg 1, i.p., 10min).

Effects ofdrugs on bromocriptine-induced yawning

Dose-response curves for yawns induced by bromo-
criptine (2-16mg kg- 1, i.p.) in the presence or
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Figure 3 Yawning induced by bromocriptine
(4mgkg- 1, i.p.) alone or in combination with i.p.
administration of different doses of SK&F 38393.
Results are shown for total yawns induced during
60min after bromocriptine injection. Each point is the
mean for minimum of 8 experiments; vertical bars show
s.e.mean. NS not significant; * P <0.05; ** P <0.001:
significantly different from bromocriptine control
group.
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Figure 2 Yawning induced by administration of differ-
ent doses of bromocriptine in presence or absence of
antagonists. Rats were injected intraperitoneally with
bromocriptine alone (0) or with either SCH 23390 (A)
(0.05mgkg-', s.c.) or sulpiride (-) (10mgkg-1, i.p.)
30min before bromocriptine injection. The number of
yawns was recorded for 60min. Each point is the mean
for minimum of 8 animals; vertical bars show s.e.mean.
* P < 0.05; ** P < 0.01; *** P < 0.001: significantly dif-
ferent from bromocriptine-treated group.

absence of D1- or D2-receptor blockers are shown in
Figure 2. Pretreatment of rats with sulpiride
(10mgkg- 1, i.p., 30min) decreased the yawns
induced by different doses of bromocriptine, while
SCH 23390 did not change the frequency of yawns
produced by the drug significantly. Administration
of SK&F 38393 (4-16mg kg', i.p.) to rats decreased
the yawning induced by bromocriptine (Figure 3).
The influence of SK&F 38393 on bromocriptine-
induced yawning was dose-dependent. The effect of
bromocriptine was decreased by theophylline or
atropine in pretreated animals (Table 2).

Table 2 Frequency of yawns induced by bromo-
criptine (8 mg kg 1) in rats in presence or absence
of theophylline or atropine

Yawns/60 min
mg kg-' Mean s.e.

1 ml
25
10

29.1 + 3.9
4.6 + 1.6*
0.0 + 0.0*

n

14
7
6

Saline (i.p.), theophylline (i.p.) or atropine (i.p.)
were injected respectively 30, 60 and 10min before
bromocriptine administration (i.p.).
* P < 0.001: significantly different from saline
control group.
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Table 3 Frequency of yawns induced by physo-
stigmine (0.1 mgkg-') in rats in presence or
absence of other drugs

Drug

Saline
Sulpiride
SCH 23390
SK&F 38393
SCH 23390

+

SK&F 38393
Bromocriptine
Theophylline
Atropine

Yawns/60 min
mg kg~ 1 Mean + s.e.

I ml
10
0.05
8
0.05

23.5 + 4.4
24.6 + 11.5
36.0 + 6.2*
7.2 + 2.8**

8 18.3 ± 3.Ot
8 62.8 + 11.0***

25 3.0 + 1.5****
10 0.0 + 0.0****

Saline (i.p.), sulpiride (i.p.), SCH 23390 (s.c.), SK&F
38393 (i.p.), bromocriptine (i.p.), theophylline (i.p.)
and atropine (i.p.) were administered 30, 30, 30, 0,
0, 60 and 10min before physostigmine (i.p.) injec-
tion respectively.
*P<0.1; **P<0.02; ***P<0.01; ****P<
0.001 different from saline-treated rats.
t P < 0.05: different from SK&F 38393-treated
animals.

Effects ofdrugs on physostigmine-induced yawning

As shown in Table 3, the yawns elicited by physo-
stigmine (0.1mgkg-1, i.p.) were decreased by con-
comitant administration of SK&F 38393 (8 mg kg 1,
i.p.) and were antagonized by atropine (10mgkg-1,
i.p., 10min) or theophylline (25 mgkg 1, i.p., 60min)
in pretreated animals. Neostigmine (0.1, 0.25 and
0.5mgkg-1, i.p.) did not induce yawning (data not
shown). The inhibitory influence of SK&F 38393 on
physostigmine-induced yawning was decreased in
SCH 23390 pretreated rats; hence the number of
yawns was increased. The effect of physostigmine
was potentiated by concomitant administration of
bromocriptine but less so by SCH 23390 pretreat-
ment. Sulpiride had no influence on physostigmine-
induced yawning.

Discussion

Apomorphine with D1- and D2-agonist properties
(Seeman, 1980; Stoof & Kebabian, 1984) in small
doses (0.1-0.6mg kg- 1) induced yawning in rats.
This syndrome was decreased by increasing the dose
of the drug. Pretreatment of animals with sulpiride a
D2-dopamine receptor antagonist (Di Chiara et al.,
1976; Costall et al., 1980; Kendler et al., 1982; Stoof
& Kebabian, 1984) reduced the ability of apomor-
phine to induce yawning. Our present results are in
agreement with previous observations of others that

apomorphine influences yawning biphasically in rats
(Holmgren & Urbal-Holmgren, 1980; Yamada &
Furukawa, 1980; Dubuc et al., 1982; Protais et al.,
1983). Such a biphasic effect has been attributed to
the successive involvement of D2- and D1-dopamine
receptors; the lower doses of apomorphine stimulate
D2-receptors which decrease tonic dopaminergic
transmission with a consequent induction of
yawning, while the higher doses activate
DI-receptors and cause the abolition of yawning
(Yamada & Furukawa, 1980; Urbaf-Holmgren et al.,
1982). Pretreatment of animals with low doses of the
specific D1-receptor antagonist SCH 23390 (Hyttel,
1984) increased the ability of apomorphine to induce
yawning. When dopamine activation of D,-sites is
impaired by SCH 23390, apomorphine activates only
D2-sites and therefore more frequent yawning can be
observed. Administration of SCH 23390 alone also
induced a low degree of yawning in rats, which may
indicate inhibition of D1- and unmasking of
D2-agonist properties of endogenous brain dopa-
mine. These effects of SCH 23390 confirm the
hypothesis that D,-receptor stimulation can decrease
the yawning episodes and contradict the suggestion
of some investigators that autoreceptors are not
involved, e.g. Morelli et al. (1986), who found SCH
23390 was able to antagonize yawning induced by
apomorphine. For further evaluation of the opposite
influences of D1- and D2- dopamine receptor activa-
tion on yawning, some studies were carried out with
D1- and D2-agonists. Bromocriptine, a D2-agonist
(Di Chiara et al., 1977; Gianutsos & Moore, 1980)
has been reported to induce yawning through the
stimulation of dopamine D2-receptors in the rat stri-
atum and septum (Yamada et al., 1986). In the
present study, bromocriptine caused yawning dose-
dependently. The effect was decreased in animals
pretreated with sulpiride. SCH 23390 did not alter
the frequency of yawns induced by bromocriptine.
These findings support the view that D2-receptor
stimulation may cause yawning.
SKF 38393 which does not induce yawning

(Yamada et al., 1986) is a D1-receptor agonist devoid
of D2-receptor stimulation properties (Setler et al.,
1978; Tsuruta et al., 1981; Stoof & Kebabian, 1982).
This drug decreased yawning induced by both apo-
morphine and bromocriptine. These data may
suggest that D1-receptor stimulation exerts opposite
influence on yawning. On the other hand, the ability
of SKF 38393 to stimulate dopamine-sensitive
adenylate cyclase has been shown (Setler et al., 1978).
It has been suggested that activation of D1-receptors
is associated with stimulation of adenylate cyclase
(Kebabian & Calne, 1979) while D2-receptor activa-
tion may cause inhibition of cyclic AMP formation
in striatum (Onali et al., 1984). Theophylline which
increases cyclic AMP levels (Butcher & Sutherland,
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1962), inhibits yawning induced by apomorphine,
bromocriptine or physostigmine. Whether the
opposite effects of D1- and D2-receptors on yawning
behaviour are due to an increase or decrease of
cyclic AMP levels is not clear and remains to be elu-
cidated.

Previous investigations have pointed out the
involvement of the cholinergic system in the induc-
tion of yawning syndrome (Urba-Holmgren et al.,
1977; Yamada & Furukawa, 1980). The present data
show that neostigmine, which is not able to enter the
CNS, does not induce yawning behaviour and that
atropine can antagonize episodes of yawning in rats

treated with apomorphine, bromocriptine or physo-
stigmine. This points to a possible central muscarinic
component in the yawning induced by these drugs.
These results are supported by the suggestion of
Yamada & Furukawa (1980) who showed that apo-
morphine induced yawning through indirect activa-
tion of cholinergic neurones. Our results show that
bromocriptine potentiates and SK&F 38393
decreases the frequency of yawns induced by physo-
stigmine. It is therefore postulated that yawning may
be induced through a cholinergic activation mecha-
nism, while D1- and D2-receptor stimulation may
have opposite effects on this behaviour.

References

ALTAR, C.A., O'NEIL, S., WALTER, R.J. & MARSHALL, J.F.
(1985). Brain dopamine and serotonin receptor sites
revealed by digital subtraction autoradiography.
Science, 228, 597-600.

BAGGIO, G. & FERRARI, F. (1983). The role of dopaminer-
gic receptors in the behavioural effects induced by lisu-
ride in male rats. Psychopharmacology, 80, 38-42.

BUTCHER, R.W. & SUTHERLAND, E.W. (1962). Adenosine
3',5'-phosphate in biological materials: Purification and
properties of cyclic 3',5'-nucleotide phosphodiesterase
and use of this enzyme to characterize adenosine 3,5-
phosphate in human urine. J. Biol. Chem., 237, 1244-
1250.

COSTALL, B., FORTUNE, D.H., HUI, S.C.G. & NAYLOR, R.J.
(1980). Neuroleptic antagonism of the motor inhibitory
effects of apomorphine within the nucleus accumbens:
drug interaction at presynaptic receptors? Eur. J. Phar-
macol., 63, 347-358.

DAWSON, T.M., GEHLERT, D.R., YAMAMURA, H.I.,
BARNETT, A. & WAMSLEY, J.K. (1985). D-1 dopamine
receptors in the rat brain: autoradiographic localization
using [3H]SCH 23390. Eur. J. Pharmacol., 108, 323-
325.

DI CHIARA, G., PORCEDDU, M.L., VARGIU, L., ARGIOLAS,
A. & GESSA, G.L. (1976). Evidence for dopamine recep-
tors mediating sedation in mouse brain. Nature, 264,
564-567.

DI CHIARA, G., VARGIU, L., PORCEDDU, M.L. & GESSA,
G.L. (1977). Bromocriptine: A rather specific stimulant
of dopamine receptors regulating dopamine metabo-
lism. In Nonstriatal dopaminergic neurons. ed. Costa, E.
& Gessa, G.L. pp. 443-446. New York: Raven Press.

DOURISH, C.T., COOPER, S.J. & PHILIPS, S.R. (1985).
Yawning elicited by systemic and intrastriatal injection
of piribedil and apomorphine in the rat. Psychopharma-
cology, 86, 175-181.

DUBUC, I., PROTAIS, P., COLBOC, 0. & CONSTENTIN, J.
(1982). Antagonism of the apomorphine-induced
yawning by 'atypical' neuroleptics. Neuropharmacology,
21, 1203-1206.

DUMBRILLE-ROSS, A., NIZNIK, H. & SEEMAN, P. (1985).
Separation of dopamine D-1 and D-2 receptors. Eur. J.
Pharmacol., 110, 151-152.

FAGE, D. & SCATTON, B. (1986). Opposing effects of D-1
and D-2 receptor antagonists on acetylcholine levels in
the rat striatum. Eur. J. Pharmacol., 129, 359-362.

GARAU, L., GOVONI, S., STEFANINI, E., TRABUCCHI, M. &
SPANO, P.F. (1978). Dopamine receptors: pharmaco-
logical and anatomical evidences indicate that two dis-
tinct dopamine receptors populations are present in rat
striatum. Life Sci., 23, 1745-1750.

GIANUTSOS, G. & MOORE, K.E. (1980). Differential behav-
ioural and biochemical effects of four dopaminergic
agonists. Psychopharmacology, 68, 139-146.

HOLMGREN, B. & URBA-HOLMGREN, R. (1980). Inter-
action of cholinergic and dopaminergic influences on
yawning behaviour. Acta Neurobiol. Exp., 40, 633-642.

HYTTEL, J. (1984). Functional evidence for selective dopa-
mine D-1 receptor blockade by SCH 23390. Neuro-
pharmacology, 23, 1395-1401.

KEBABIAN, J.W. & CALNE, D.B. (1979). Multiple receptors
for dopamine. Nature, 227, 93-96.

KENDLER, K.S., BRACHA, H.S. & DAVIES, K.L. (1982).
Dopamine autoreceptor and postsynaptic receptor
blocking potency of neuroleptics. Eur. J. Pharmacol., 79,
217-223.

MARTRES, M.P., BOUTHENET, M.L., SALES, N., SOKOLOFF,
P. & SCHWARTZ, J.C. (1985). Widespread distribution of
brain dopamine receptors evidenced with
(135I)iodosulpiride, a highly selective ligand. Science,
228, 752-755.

MOGILNICKA, E. & KLIMEK, V. (1977). Drugs affecting
dopamine neurons and yawning behaviour. Pharmacol.
Biochem. Behav., 7, 303-305.

MORELLI, M., LONGONI, R., SPINA, L. & DI CHIARA, G.
(1986). Antagonism of apomorphine-induced yawning
by SCH 23390: Evidence against the autoreceptor
hypothesis. Psychopharmacology, 89, 259-260.

NIELSEN, M., KLIMEK, V. & HYTTEL, J. (1984). Distinct
target size of dopamine D-1 and D-2 receptors in rat
striatum. Life Sci., 35, 325-332.

ONALI, P., OLIANAS, M.C. & GESSA, G.L. (1984). Selective
blockade of dopamine D-1 receptors by SCH 23390 dis-
closes striatal dopamine D-2 receptors mediating the
inhibition of adenylate cyclase in rats. Eur. J. Phar-
macol., 99, 127-128.



848 M.R. ZARRINDAST & M. POURSOLTAN

ONALI, P., OLIANAS, M.C. & GESSA, G.L. (1985). Character-
ization of dopamine receptors mediating inhibition of
adenylate cyclase activity in rat striatum. Mol. Phar-
macol., 28, 138-145.

PROTAIS, P., DUBUC, I. & CONSTENTIN, J. (1983). Pharma-
cological characteristics of dopamine receptors involved
in the dual effect of dopamine agonists on yawning
behaviour in rats. Eur. J. Pharmacol., 94, 271-280.

SCATTON, B. & DUBOIS, A. (1985). Autoradiographic local-
ization of D-1 dopamine receptors in the rat brain with
[3H]SKF 38393. Eur. J. Pharmacol., 111, 145-146.

SEEMAN, P. (1980). Brain dopamine receptors. Pharmacol.
Rev., 32, 229-313.

SETHY, V.H., ROTH, R.H., KUHAR, MJ. & VAN WOERT,
M.H. (1973). Choline and acetylcholine: Regional dis-
tribution and effect of degeneration of cholinergic nerve
terminals in the rat hippocampus. Neuropharmacology,
12, 819-823.

SETHY, V.H. & VAN WOERT, M.H. (1974). Regulation of stri-
atal acetylcholine concentration by dopamine receptors.
Nature, 251, 529-530.

SETLER, P.E., SARAU, H.M., ZIRKLE, C.L. & SAUNDERS,
H.L. (1978). The central effects of a novel dopamine
agonist. Eur. J. Pharmacol., 50, 419-430.

STOOF, J.C. & KEBABIAN, J.W. (1981). Opposing roles for
D-1 and D-2 dopamine receptors in efflux of cyclic
AMP from rat neostriatum. Nature, 294, 366-368.

STOOF, J.C. & KEBABIAN, J.W. (1982). Independent in vitro
regulation by the D-2 dopamine receptor of dopamine-
stimulated efflux of cyclic AMP and K+-stimulated
release of acetylcholine from rat neostriatum. Brain
Res., 250, 263-270.

STOOF, J.C. & KEBABIAN, J.W. (1984). Two dopamine
receptors: biochemistry, physiology and pharmacology.
Life Sci., 35, 2281-2296.

TSURUTA, K., FREY, E.A., GREWE, C.W., COTE, T.E., ESKAY,
R.L. & KEBABIAN, J.W. (1981). Evidence that LY 141865
specifically stimulate the D-2 dopamine receptor.
Nature, 292, 463-465.

URBA-HOLMGREN, R., GONZALEZ R.M. & HOLMGREN,
B. (1977). Is yawning a cholinergic response? Nature,
267, 261-262.

URBA-HOLMGREN, R., HOLMGREN, B. & ANIAS, J. (1982).
Pre- and postsynaptic dopaminergic receptors involved
in apomorphine-induced yawning. Acta Neurobiol. Exp.,
42, 115-125.

USHIJIMA, I., YAMADA, K., INOUE, T., TOKUNAGA, T.,
FURUKAWA, T. & NODA, Y. (1984). Muscarinic and
nicotinic effects on yawning and tongue protruding in
the rat. Pharmacol. Biochem. Behav., 21, 297-300.

WEISS, S., SEBBEN, M., GARCIA-SAINS, J.A. & BOCKAERT, J.
(1985). D-2 dopamine receptor-mediated inhibition of
cyclic AMP formation in striatal neurons in primary
culture. Mol. Pharmacol., 27, 595-599.

YAMADA, K. & FURUKAWA, T. (1980). Direct evidence for
involvement of dopaminergic inhibition and cholinergic
activation in yawning. Psychopharmacology, 67, 39-43.

YAMADA, K., TANAKA, M., SHIBATA, K. & FURUKAWA, T.
(1986). Involvement of septal and striatal dopamine D-2
receptors in yawning behaviour in rats. Psychopharma-
cology, 90, 9-13.

(Received August 19,1988
Revised October 19, 1988

Accepted November 14,1988)


