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LOBO, L. L., R. pE MEDEIROS, D. C. HIPOLIDE AND S. TUFIK. Atropine increases pilocarpine-induced yawn-
ing behavior in paradoxical sleep deprived rats. PHARMACOL BIOCHEM BEHAV 52(3) 485-488, 1995.—Paradoxical
sleep (PS) deprivation has been suggested to induce supersensitivity of postsynaptic dopamine (DA) receptors and subsensitiv-
ity of acetylcholine (ACh) receptors. Yawning behavior is reduced after PS deprivation and is believed to result from an
interaction between ACh and DA systems. Concomitant treatment of PS deprived animals with DA agonists reverses PS
deprivation effects on stereotypy and aggressiveness. To examine this possibility on yawning behavior, rats were treated,
during the deprivation period, with atropine, methamphetamine, haloperidol or distilled water. Following PS deprivation,
rats were injected with apomorphine or pilocarpine and number of yawns was recorded. Atropine increased yawning of PS
deprived rats induced by pilocarpine, but not by apomorphine. Treatment with methamphetamine and haloperidol did not
change PS deprivation effect on pilocarpine- and apomorphine-induced yawning. The data suggest that reversal of PS
deprivation-induced yawning inhibition is mediated distinctly by both acetylcholine and dopamine systems.
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THE FUNCTIONAL significance of yawning is still un-
known, although this behavior has been studied for the last 3
to 4 decades. Yawning can be elicited by several cholinergic
(AChergic) agonists (28,32), by low doses of dopaminergic
(DAergic) agonists (11), and by polypeptides such as «-MSH
and ACTH (2,10,33). Moreover, Gower et al. (4) showed that
serotonin, histamine, and noradrenaline systems play a role in
modulating this behavior.

Yawning has been suggested to result from a balance be-
tween DAergic and AChergic systems. This conclusion is
based on a study by Yamada and Furukawa (32), who showed
that scopolamine, a cholinoceptor antagonist, inhibits apo-
morphine-, pilocarpine-, and physostigmine-induced yawning.
The neuroleptic fluphenazine, however, does not modify pilo-
carpine-induced, but increases the number of physostigmine-
induced yawning. In addition, sulpiride, a D, dopamine (DA)
receptor blocker, inhibits apomorphine-induced, but not phy-

sostigmine-induced yawning (4). Thus, yawning appears to be
mediated by inhibition of DAergic system and activation of
AChergic system.

Paradoxical sleep (PS) deprivation induces several changes
on human’s and rat’s behavior, such as increased apomor-
phine-induced stereotypy and aggressive behavior in rats (26),
and improvement of endogenous depression symptoms in hu-
mans (9,17,23,31). It is proposed that these effects are a conse-
quence of postsynaptic DA receptors supersensitivity (26), and
presynaptic DA receptors and postsynaptic acetylcholine
(ACh) receptors subsensitivity (27). PS deprivation also inhib-
its yawning elicited by apomorphine, physostigmine, and pilo-
carpine (27).

Haracz and Tseng (6) showed that DA receptor supersensi-
tivity resulting from neuroleptic treatment is attenuated by
an acute dose of amphetamine. In addition, treatment of PS
deprived animals with amphetamine and L-dopa results in re-
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versal of deprivation effects on apomorphine-induced stereo-
typy and aggressiveness; behaviors that occur as a conse-
quence of postsynaptic DA receptor supersensitivity (24).

Because PS deprivation produces an ACh receptor subsen-
sitivity, as well as a DA receptor supersensitivity, the evalua-
tion of yawning behavior in PS deprived animals seemed ade-
quate to better understand the postulated relationship between
these neurotransmitter systems. Thus, in the present study, we
tested whether manipulations on these systems would result
in change of PS deprivation induced inhibition of yawning
behavior.

METHODS
Subjects

Male Wistar rats from our own colony, weighing 250-340
g and kept in groups of three in wire mesh cages, were used.
Animals were kept in a room with controlled temperature (23°
+ 1°C) and 12 h light/dark cycle (lights on 0700 h). Food and
water were, at all moments, including the deprivation period,
available ad lib.

Drugs

Apomorphine hydrochloride (DAergic agonist), atropine
sulfate (muscarinic antagonist), methamphetamine (catechol-
aminergic agonist), pilocarpine hydrochloride (AChergic ago-
nist) (Sigma Chemical Co., St. Louis, MO) and haloperidol
(DAergic antagonist) (Janssen Pharm., Brazil) were used.
Drugs were dissolved in distilled water and given in a volume
of 1 ml/kg of body weight. All drugs were administered IP,
except apomorphine, which was administered SC.

PS Deprivation

Rats were PS deprived for 96 h by the multiple platform
technique, an adaptation of the water tank technique (7,12).
This technique prevents the stresses of immobilization and
social isolation that accompanies the classical procedure (15).
Deprivation was performed by placing ten animals in a large
water tank (125 x 45 x 36 cm), containing 17 inverted plat-
forms (6 cm in diameter), placed approximately 10-cm apart.
The tank was filled with water to a level of 1-cm below the
platforms’ surface. Water in the tank was changed daily.

Treatment Procedure

PS deprived rats were assigned to one of five subgroups:
(a) atropine (2.0 mg/kg); (b) methamphetamine (2.0 mg/kg);
(c) methamphetamine (5.0 mg/kg); (d) haloperidol (0.5 mg/
kg); and (e) haloperidol (1.0 mg/kg). Each one of the drug-
injected groups was paired to a corresponding control group,
which consisted of animals treated with distilled water during
PS deprivation. Rats were treated daily at 1400 h, during the
deprivation period. The fourth and last injection was given 24
h before testing.

Testing Procedure

Immediately after the end of deprivation, animals (atro-
pine: 20/dose of each testing drug; methamphetamine or halo-
peridol: 10/dose of each testing drug; number of water-treated
animals was the same as for each of the drug-treated groups)
were injected with one of three doses of either apomorphine
(20, 40, and 80 png/kg) or pilocarpine (1.0, 2.0, and 4.0 mg/
kg) and placed, individually, in wire mesh cages. The doses
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chosen were based on previous studies (14,27). Number of
yawns was recorded during 30 min. Testing took place be-
tween 1400 and 1530 h.

Statistical Analysis

Comparison between drug-treated and distilled water-
treated groups was made by Mann-Whitney’s U-test, with the
level of significance set at p < 0.05 (two-tailed).

RESULTS
Atropine Treatment

As shown in Fig. 1A, atropine treatment did not modify
apomorphine-induced yawning, whereas it increased pilocar-
pine (1.0 and 2.0 mg/kg) induced yawning of PS deprived
animals (Fig. 1B).

Neither methamphetamine nor haloperidol treatments re-
sulted in change of yawning behavior of PS deprived rats
induced by pilocarpine or apomorphine.

DISCUSSION

Induction of yawning behavior appears to be dependent on
a balance between DAergic and AChergic systems. This does
not seem to be the case for reversal of yawning inhibition
resulting from PS deprivation. Our results showed that during
the deprivation period only treatment with an AChergic antag-
onist was effective in counteracting PS deprivation effects on
pilocarpine-induced yawning. Atropine effect was quite spe-
cific, because it did not reverse apomorphine-induced yawn-
ing. Furthermore, neither DAergic agonist nor antagonist af-
fected PS deprivation induced inhibition of yawning. This
result suggests the DAergic system involved with this behavior
is different from that involved with stereotypy and aggressive-
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FIG. 1. Effects of treatment with 2.0 mg/kg of atropine during PS
deprivation on yawning induced by (A) apomorphine (n = 20/group
per dose) and (B) pilocarpine (n = 20/group per dose). Values are
represented by mean + SE of control (open bars) and experimental
(hatched bars) groups.
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ness, because pretreatment with amphetamine and L-dopa re-
versed PS deprivation effects on these behaviors (24).

Yawning is elicited, among several other manipulations, by
activation of postsynaptic ACh receptors or presynaptic DA
receptors, suggesting a DA-ACh link mediating this behavior
(32), via DA inhibition and, consequently, ACh activation.
This hypothesis was further supported by several studies
(4,29), although it is still not clear which receptors are respon-
sible for this behavior (3,20). There is a controversy about
the mechanisms by which yawning is elicited. Several authors
suggest yawning is mediated by stimulation of presynaptic
DAergic receptors (11,32). On contrary, Serra et al. (18,19)
propose that this behavior is elicited by stimulation of a spe-
cial population of postsynaptic DA receptors, and D, and D,
receptors’ supersensitivity would inhibit this special receptor.
Thus, studies using amphetamine pretreatment do not result
in inhibition of yawning induced by low doses of apomor-
phine, leading the authors to suggest that D, presynaptic re-
ceptors are not the mediators of yawning behavior (21). In
addition to this hypothesis, behavioral data suggest yawning
as a D;-dependent phenomenon (8). Results from biochemical
and molecular cloning techniques support the idea of DA re-
ceptor subtypes other than the classical D, and D, receptors
described (1).

Inhibition of pilocarpine-, physostigmine-, and apomor-
phine-induced yawning is observed following PS deprivation
(27). This manipulation is believed to inhibit DAergic trans-
mission, leading to increased AChergic transmission. Suppos-
edly, the systems respond to PS deprivation with a presynaptic
DA and a postsynaptic ACh receptor subsensitivity (16,27).
Cholinergic system appears to have an important role in medi-
ating PS: M, ACh receptor agonists trigger this sleep stage
(30). Moreover, an autoradiographic study in 96-h PS de-
prived animals reveals a M, ACh receptor downregulation
(16), suggesting increased ACh transmission during PS depri-
vation. Thus, atropine treatment during deprivation could an-
tagonize the suggested subsensitivity of AChergic receptors
induced by PS deprivation (27). Recently, Szymusiak et al.
(22) reported reversal of atropine-induced PS inhibition at
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high (30°C) ambient temperature. Supposedly, both high tem-
perature (22) and PS deprivation (16,27), induce an increase
in ACh neurotransmission.

Low doses of haloperidol block presynaptic DA receptors,
and this effect should prevent DA receptor subsensitivity in-
duced by PS deprivation. The lack of haloperidol effect, ob-
served in this study, could be a consequence of treatment
schedule; it is possible that daily injections during 4 days was
not long enough to alter receptor sensitivity (13). Tufik (25),
however, observed changes in receptor sensitivity following
acute treatment with haloperidol. Similarly, Greenshaw et al.
(5) referred to several studies demonstrating short-term neuro-
leptic-induced increase in DA receptor binding. In addition,
the hypothesis that normalization of dopaminergic supersensi-
tivity as a result of methamphetamine treatment during PS
deprivation would restore the frequency of yawns was not
corroborated by our findings. Therefore, these data reveal
that classical manipulations of dopaminergic system, such as
methamphetamine and haloperidol treatments, had no effect
on yawning frequency of PS deprived rats. DA system appears
to be affected sooner by PS deprivation, and to recover later
than the ACh system, suggesting that PS deprivation-induced
changes on these systems occur at different moments (10,14).
It is possible that reversal of yawning inhibition induced by
PS deprivation also occurs sooner for AChergic than DAergic
system. Our results support this hypothesis and also suggest
an independent mediation of both systems on reversal of PS
deprivation-induced yawning inhibition.
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