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KIMURA, H., K. YAMADA, M. NAGASHIMA, S.-I. MATSUMOTO, Y. ISHII, S. YOSHIDA, K. FUJII AND T.
FURUKAWA. Role of adrenergic neuronal activity in the yawning induced by tacrine and NIK-247 in rats. PHARMACOL
BIOCHEM BEHAYV 43(4) 985-991, 1992.—The present experiments were performed to investigate the potential role
of central adrenergic neurons in regulating occurrence of yawning in rats. Intraperitoneal injection of tacrine (THA) or
9-amino-2,3,5,6,7,8-hexahydro-1H-cyclopenta(b)-quinoline monohydrate HCI (NIK-247), cholinesterase inhibitors, induced
yawning, which was markedly increased by pretreatment with the 8-adrenoceptor antagonist, pindolol. The yawning evoked
by tacrine or NIK-247 given alone or in combination with pindolol was inhibited by pretreatment with scopolamine but not
by mecamylamine or spiperone. Treatment with tacrine or NIK-247 increased acetylcholine content of the striatum, but this
effect was not enhanced by pindolol, which per se did not affect basal acetylcholine content. Moreover, pretreatment with
the central adrenaline synthesis inhibitors, (+)-2,3-dichloro-a-methylbenzylamine HCl (LY-78335) and 2-cyclooctyl-2-
hydroxyethylamine HCl (UK-1187A), increased tacrine-induced yawning. Subcutaneous injection of talipexole (B-HT 920), a
dopamine D, receptor agonist, evoked yawning, which was also increased by pindolol, LY-78335, and UK-1187A. These
receptors antagonists and synthesis inhibitors per se did not cause yawning responses. The results suggest that the §8-
adrenoceptor blockade and the inhibition of adrenaline synthesis facilitate the occurrence of yawning induced by cholinergic
and dopaminergic agonists, and thus the central adrenergic neuronal systems may be implicated in the regulation of yawning

responses.
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BEHAVIORAL studies have shown that physostigmine, an
anticholinesterase agent, and pilocarpine, a muscarinic recep-
tor agonist, induce yawning behavior that is abolished by sco-
polamine, a muscarinic receptor antagonist (11,34,39,45). The
yawning induced by dopamine receptor agonists such as apo-
morphine and talipexole (B-HT 920) is also completely inhib-
ited by scopolamine (21,39,41,43,44). On the basis of these
results, it has been proposed that cholinergic neuronal activity
is indispensably involved in eliciting yawning behavior.
9-Amino-1,2,3,4-tetrahydroacridine (tacrine (THA)) is
proposed to be a potent, centrally acting cholinesterase inhibi-
tor (13,25). 9-Amino-2,3,5,6,7,8-hexahydro-1H-cyclopenta-
(b)-quinoline monohydrate HCI (NIK-247) has also been re-
ported to exert inhibitory effects on cholinesterase (17,18,33).
These cholinesterase inhibitors are found to improve cognitive
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functions at different phases of the learning and memory pro-
cesses in animals (24,25,30,33) and have been clinically devel-
oped as potential cognitive improvers (3,31). However, there
is little documentation on yawning and acetylcholine content
in animals treated with tacrine or NIK-247.

The potential functional role of adrenaline-containing neu-
ronal systems was suggested in some of the earliest research
on brain catecholamines (12). The earlier hypothesis (4,26)
that adrenaline is a neurotransmitter candidate in the brain
were validated by detailed studies of the distribution of brain
neurons containing phenylethanolamine N-methyltransferase
(PNMT) (15) and their close correlation with the regional dis-
tribution of enzymatic activity (28) and adrenaline content
(19). As inhibitors of PNMT were reported to decrease adren-
aline formation without affecting dopamine and noradrena-
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line levels (8,9,22), several lines of investigation with the inhib-
itors subsequently suggested that brain adrenaline may be in-
volved in cerebral cardiovascular (38), neuroendocrine (1,32),
and behavioral regulation (7). Recently, we reported that ad-
ministration of various S-adrenoceptor antagonists such as
pindolol, propranolol, and indenolol increased the yawning
responses induced by treatment with apomorphine, talipexole,
physostigmine, or pilocarpine (41,42), suggesting that S-
adrenoceptor blockade facilitates the occurrence of yawning
induced by dopaminergic and cholinergic agonists. Thus, cen-
tral B-adrenoceptors relating to central adrenergic neuronal
systems might be involved in the regulation of yawning re-
sponses.

The present experiments were therefore performed to in-
vestigate whether or not tacrine and NIK-247 elicit yawning
that may possibly be regulated by central adrenergic neurons
via §-adrenoceptor activities in rats.

METHOD

Animals

Male Wistar rats (200-230 g), obtained from the Kyudo
Animal Laboratory (Kumamoto, Japan), were kept in an ani-
mal room with a 12 L:12 D cycle (lights on at 7:00 a.m.).
Commercial food (CE-2, Clea Japan Ltd.) and tap water were
freely available except during experiments. All experiments
were carried out at an environmental temperature of 23 +
1eC.

Behavioral Observations

Pairs of rats were placed in a transparent plastic box (33
X 30 x 17 cm) containing wood shavings. They were allowed
to habituate to the observation box for 15 min before drug
injection. Yawning is a fixed innate motor pattern, character-
ized by slow, wide opening of the mouth (34,35). The total
number of yawns was counted for 60 min following injection.

Drugs

Drugs used were THA HCI (Sigma Chemical Co., St.
Louis, MO), NIK-247 HCl (Nikken Chemicals, Tokyo,
Japan), talipexole (B-HT 920) HCl (Boehringer Ingelheim,
Kawanishi, Japan), pindolol (Sigma), (z%)-2,3-dichloro-
o-methylbenzylamine HCl (LY-78335) (RBI, Natick, MA),
2-cyclooctyl-2-hydroxyethylamine HCl (UK-1187A) (RBI),
spiperone (Spiropitan Injection, Eisai, Tokyo, Japan), meca-
mylamine HCl (Merck Sharp and Dohme, Rahway, NJ), and
scopolamine HBr (Nakarai, Kyoto, Japan). Pindolol was dis-
solved in an excess of equimolar tartaric acid solution, with
subsequent dilution in saline. The other drugs were dissolved
or diluted in saline. Doses are expressed according to the salt
with the exceptions of pindolol and spiperone.

Administration of Drugs

Rats received IP injections of tacrine (0.5-10 mg/kg) or
NIK-247 (1-20 mg/kg) and SC injections of talipexole (0.02
mg/kg). The [-adrenoceptor antagonist, pindolol (5-40
mg/kg, IP) was injected 1 h and the PNMT inhibitors, LY-
78335 (2.5-20 mg/kg, IP) and UK-1187A (1-20 mg/kg, IP),
4-24 h prior to injection of anticholinesterase agents or a
dopamine receptor agonist. For pretreatment with antago-
nists, spiperone (0.5 mg/kg, IP), scopolamine (0.5 mg/kg,
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IP), or mecamylamine (0.2 mg/kg, IP) was injected 30 min
before the yawning inducers.

Biochemical Analysis

Rats were killed by head-focused microwave irradiation (5
kW, 1.3 s) 30 min after tacrine (5 mg/kg, IP) or NIK-247 (10
mg/kg, IP). Pindolo! (20 mg/kg, IP) was given 60 min before
anticholinesterase agents. After brains were rapidly removed
from the skull, the striata were dissected as described pre-
viously (10). The tissue was then weighed and stored at —70°
C until use. The tissue was homogenized in 0.025 N HCI con-
taining ethylhomocholine as an internal standard. The homog-
enates were centrifuged at 3,000 rpm for 20 min and the super-
natants were filtered through membrane filter with 0.45-um
pores.

Acetylcholine was measured using a modification of the
high-performance liquid chromatography (HPLC) method of
Potter et al. (27), in which acetylcholine is converted to beta-
ine and H,0, in a postcolumn reactor containing choline oxi-
dase and acetylcholinesterase. These enzymes were immobi-
lized on an AC-enzympak column (Eicom, Kyoto, Japan).
AC-Gel column (Eicom) was used to separate acetylcholine
and choline. The mobile phase consisted of 0.1 M K,HPO,,
pH 8.0, containing decanesulfonic acid (300 mg/1) and tetra-
methylammonium (65 mg/1). The flow rate was 1.0 ml/min.
The HPLC system was composed of a 510 pump (Waters
Assoc., Milford, MA), an ECD-100 electrochemical detector
(Eicom) with a platinum electrode at a potential of + 0.45 V,
and a 741 data module (Waters).

Statistical Analysis

Behavioral and biochemical results were expressed as mean
values + SEM. Statistical analysis was done using either two-
tailed Student’s t-test (differences between two groups) or a
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FIG. 1. Dose-response curve for yawning induced by tacrine given
alone or in combination with pindolol in rats. The number of yawns
was counted immediately following the intraperitoneal injection of
saline (1 ml/kg, IP) or tacrine (0.5-10 mg/kg, IP). Pindolol (@) (20
mg/kg, IP) or saline (O) (1 ml/kg, IP) was given 60 min before
tacrine. Points represent mean + SEM (vertical lines) of the number
of yawns from 8-10 rats during a 60-min observation period. tp <
0.01: Significant difference from saline plus saline-injected group (0
mg/kg), determined by a one-way ANOVA followed by Dunnett’s
t-test. *p < 0.05, **p < 0.01; Significant difference from respective
control groups, determined by Student’s ¢-test.
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Drugs Yawns in 60 min

(mg/kg) 10 20 30 40
Saline
Pindolol 5

FIG. 2. Dose-dependent facilitatory effects of pindolo! on tacrine-
induced yawning. Pindolol (5-40 mg/kg, IP) was given 60 min before
tacrine (5 mg/kg, IP). Columns represent mean + SEM (horizontal
bars) of the number of yawns from 8-10 rats. *p < 0.01; Significant
difference from saline-injected group, determined by a one-way
ANOVA followed by Dunnett’s ¢-test.

one-way analysis of variance (ANOVA) followed by two-
tailed Dunnett’s ¢-test (differences between the control and all
groups) or Tukey’s test (differences between all groups).

RESULTS

Yawning Induced by the Anticholinesterase Agents

Control rats treated with saline (1 ml/kg, IP) yawned only
occasionally. Tacrine (0.5-10 mg/kg, IP) induced a small
number of yawning response in saline-pretreated rats, the
maximal effect being observed at a dose of 5 mg/kg (Fig. 1).

Tacrine-elicited yawning was markedly increased by pre-
treatment with pindolol, forming a bell-shaped curve (Fig. 1).
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FIG. 3. Dose-response curve for yawning induced by NIK-247 given
alone or in combination with pindolol in rats. The number of yawns
was counted immediately after saline (1 ml/kg, IP) or NIK-247 (1-20
mg/kg, IP). Pindolol (@) (20 mg/kg, IP) or saline (O) (1 ml/kg, IP)
was given 60 min before NIK-247. Points represent mean + SEM
(vertical bars) of the number of yawns from 8-10 rats. tp < 0.01:
Significant difference from saline plus saline-injected group (0 mg/
kg), determined by a one-way ANOVA followed by Dunnett’s r-test.
*p < 0.05, **p < 0.01: Significant difference from respective con-
trol groups, determined by Student’s ¢-test.
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As for dose effect of pindolol ranging from 5-40 mg/kg, the
incidence of behavior increased dose dependently and reached
a maximum at 20 mg/kg (Fig. 2). Pindolol given alone did
not evoke yawning.

NIK-247 (1-20 mg/kg, IP) also induced a modest yawning
response. The maximal effect of the drug was obtained at a
dose of 10 mg/kg. The NIK-247-elicited yawning was also
markedly increased by pretreatment with pindolol (20 mg/kg,
1P) (Fig. 3).

Effects of Various Receptor Antagonists on Yawning
Induced by the Anticholinesterase Agents

As demonstrated in Table 1, the yawning induced by ta-
crine (5 mg/kg, IP) or NIK-247 (10 mg/kg, IP) given alone or
in combination with pindolol was inhibited by pretreatment
with scopolamine (0.5 mg/kg, IP) but not by mecamylamine
(0.2 mg/kg, IP) and spiperone (0.5 mg/kg, IP). These recep-
tor antagonists given alone did not elicit yawning.

Acetylcholine Content in the Striatum After Treatment
with Tacrine or NIK-247

As shown in Fig. 4, the mean acetylcholine content in the
striatum of the saline-treated group was 80.0 + 3.1 nM/g wet
tissue. This content was significantly increased by tacrine (5
mg/kg, IP) or NIK-247 (10 mg/kg, IP). Although pindolol (20
mg/kg, IP) increased yawning responses, this 8-adrenoceptor
antagonist did not alter basal acetylcholine content. More-
over, pindolol failed to affect the increase of acetylcholine
content induced by tacrine or NIK-247.

Effects of PNMT Inhibitors on Tacrine-induced Yawning

As shown in Fig. 5, the yawning induced by tacrine (5 mg/
kg, IP) was markedly increased by LY-78335 (2.5-20 mg/kg,
IP) or UK-1187A (1-20 mg/kg, IP), which was injected 8 h
before the yawning inducer. These PNMT inhibitors were
shown to have bell-shaped responses, the maximal effect being
observed at 10 mg/kg in the LY-78335-treated group and 5
mg/kg in the UK-1187A-treated group. The PNMT inhibitors
given alone did not induce yawning.

Figure 6 shows time course of effects of the PNMT inhibi-
tors. When LY-78335 (10 mg/kg, IP) or UK-1187A (5 mg/
kg,IP) was given 4-24 h before tacrine (5 mg/kg, IP), the
maximal facilitative effect of both inhibitors was observed at
8h.

Effects of Pindolol, LY-78335, and UK-1187A on
Talipexole-Induced Yawning

Subcutaneous injection of talipexole (0.02 mg/kg) elicited
yawning, the mean number of yawns from eight rats in 60 min
being 9.3 + 1.5. Talipexole-induced yawning was increased
significantly by pretreatment with pindolol (20 mg/kg, IP, 1
h), LY-78335 (10 mg/kg, IP, 8 h), or UK-1187A (5 mg/kg,
IP, 8 h), as demonstrated by the respective mean number of
yawns from eight rats in 60 min, 19.9 + 2.0, 15.5 + 1.1, and
16.9 + 1.8.

DISCUSSION

Previous experiments have shown that physostigmine and
pilocarpine elicit yawning and this behavior is blocked by mus-
carinic but not dopamine receptor antagonists (11,34,
35,39,45). On the other hand, the yawning induced by dopa-
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TABLE 1

EFFECTS OF VARIOUS DRUGS ON THE YAWNING INDUCED BY TACRINE OR
NIK-247 GIVEN ALONE OR IN COMBINATION WITH PINDOLOL

Yawns in 60 min

Drugs (mg/kg) Saline Tacrine NIK-247 Pindolol + Tacrine Pindolol + NIK-247
Saline 0.3 £ 0.3 53+ 14 3.3 £ 09 25.6 + 6.3 179 + 4.6
Scopolamine 0.5 0.0 £ 0.0 0.0 + 0.0* 0.0 £ 0.0* 0.1 £ 0.1F 0.0 + 0.0
Mecamylamine 0.2 04 £ 1.8 46 + 1.8 1.4 + 04 22.5 + 6.3 204 + 3.2
Spiperone 0.5 0.5 £ 0.4 20+ 1.1 1.7+ 1.3 194 £ 5.3 19.4 + 3.3

Scopolamine (0.5 mg/kg, IP), mecamylamine (0.2 mg/kg, IP), and spiperone (0.5 mg/kg, IP) were given 30 min
before tacrine (5 mg/kg, IP) or NIK-247 (10 mg/kg, IP) alone or in combination with pindolol (20 mg/kg, IP). Values
represent mean + SEM of the number of yawns from 8-12 rats.

*p < 0.05, tp < 0.01: Significant difference from respective control groups, determined by a one-way ANOVA

followed by Dunnett’s ¢-test.

mine D, receptor agonists is antagonized by both dopamine
and muscarinic receptor antagonists (21,40,41), implying that
dopamine receptor agonist-induced yawning can result from
a consequent activation of cholinergic neurons. From such
findings, it has been proposed that a dopaminergic-choliner-
gic-linked neuronal system may participate in inducing yawn-
ing (16,39-41).

In the present experiment, treatment with tacrine or NIK-
247 evoked a yawning response to a small extent. This yawn-
ing response was markedly increased by a 3-adrenoceptor an-
tagonist, pindolol, which did not evoke yawning when given
alone. Moreover, the yawning elicited by tacrine or NIK-247
given alone or in combination with pindolol was inhibited by
scopolamine, a muscarinic receptor antagonist, but not by
mecamylamine, a nicotinic receptor antagonist, and spiper-
one, a dopamine receptor antagonist. The present results sug-

Acetylcholine content

Drugs (mg/kg)

9 8/kg %0 49 G‘O 8‘0 190 12]0
Saline + Saline _hH
Saline + NIK-247 10 [ 1 k*
Saline + Tacrine 5

Pindolol 20 + Saline

Pindolol 20 + NIK-247 10 H

Pindolol 20 + Tacrine 5

FIG. 4. Effects of tacrine or NIK-247 given alone or in combination
with pindolol on acetylcholine content (nM/g wet tissue) in the stria-
tum. Rats were killed by microwave irradiation 30 min after saline (1
ml/kg, IP), tacrine (5 mg/kg, IP), or NIK-247 (10 mg/kg, IP). Pindo-
lot (20 mg/kg, IP) was given 60 min before cholinesterase inhibitors.
Columns represent mean + SEM (horizontal bars) of the contents of
acetylcholine from 16-18 rats. *p < 0.05, **p < 0.01: Significant
difference from saline-injected group, determined by a one-way AN-
OVA followed by Tukey’s test.

gest that tacrine and NIK-247 were able to elicit yawning via
muscarinic receptor activation, as our previous experiments
with physostigmine-induced yawning (41). On the other hand,
the dopamine D, receptor agonist, talipexole, also elicited
yawning, which was increased by pindolol, as previously re-
ported (42). Accordingly, the stimulation of muscarinic recep-
tors is obligatory for the induction of yawning and central
B-adrenoceptor activity may regulate the occurrence of yawn-
ing induced by anticholinesterase agents and dopamine D, re-
ceptor agonists.

A previous experiment (41) showed that the dopamine D,/
D, receptor agonist, apomorphine, induced yawning that was
enhanced by pindolol, propranolol, indenolol, and alprenolol,
which block central 8-adrenoceptors, but not by the peripheral

Yawns in 60 min
(mg/kg) 5 10 15 20

Drugs

Saline
LY-78335 2.5

5.0

10.0|

20.0L

UK-1187A 1.0

2.5

*%

5.0
10.0

20.0

FIG. 5. Dose-dependent facilitatory effects of PNMT inhibitors on
tacrine-induced yawning. LY-78335 (2.5-20 mg/kg, IP) and UK-
1187A (1-20 mg/kg, IP) were given 8 h before tacrine (5 mg/kg, IP).
Columns represent mean + SEM (horizontal bars) of the number of
yawns from eight rats. *p < 0.05, **p < 0.01: Significant difference
from saline-injected group, determined by a one-way ANOVA fol-
lowed by Dunnett’s #-test.
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FIG. 6. Time course of effects of PNMT inhibitors on tacrine-induced yawning.
LY-78335 (A) (10 mg/kg) and UK-1187A (A) (5 mg/kg) were given intraperitone-
ally 4-24 h before tacrine (5 mg/kg, IP). Points represent mean + SEM (vertical
lines) of the number of yawns from eight rats. *p < 0.05, **p < 0.01: Significant
difference from tacrine-alone injected group (zero time), determined by a one-way

ANOVA followed by Dunnett’s ¢-test.

B-adrenoceptor antagonists, carteolol and atenolol, suggesting
that yawning is enhanced by central 8-adrenoceptor blockade
but not by peripheral blockade. Pindolol is also known to
have serotonin (5-HT) receptor blocking actions in addition
to $-adrenoceptor antagonistic properties (14). However, the
yawning induced by talipexole was increased by pretreatment
with pindolol (42) but was unaffected by either metergoline, a
potent antagonist of 5-HT,, and 5-HT, receptors, or ketan-
serin, a specific antagonist of 5-HT, receptors (20). Moreover,
we found that various 8-adrenoceptor antagonists, which have
no 5-HT receptor antagonistic properties, also increased the
yawning induced by dopamine receptor agonists (41). Accord-
ingly, the 5-HT receptor antagonistic property of pindolol
may not be related to the observed enhancement of yawning
responses by the drug.

Dopamine receptor agonists, locally applied into the stria-
tum, elicited yawning behavior, and those administered sys-
temically were ineffective in evoking yawning after bilateral
lesions of the striatum by 6-hydroxydopamine. Therefore, the
striatum is proposed to be one of the important sites in the rat
brain areas involved in evoking yawning behavior (5,6,44).
In contrast with these reports, microinjection of dopamine
receptor agonists into the paraventricular nucleus (PVN) of
the hypothalamus induced yawning behavior in rats and elec-
trolytic lesion of the hypothalamic PVN prevented the drug-
induced yawning responses (2,23), suggesting that the PVN is
also the brain area where dopamine receptor agonists act for
inducing yawning. However, a role of cholinergic neuron ac-
tivity in the PVN for evoking yawning is still unknown. On
the other hand, high 8-adrenoceptor density was found in the
rat striatum (36). Accordingly, in this experiment acetylcho-
line content of the striatum was measured after treatment with
cholinesterase inhibitors. The systemic administration of ta-
crine or NIK-247 increased acetylcholine content of the stria-

tum, and this was accompanied by a modest yawning re-
sponse. These results seem to be compatible with recent find-
ings (25) that intraperitoneal injection of tacrine increased
acetylcholine content in the striatum, cortex, and hippo-
campus in rats. However, although pindolol increased the
yawning responses induced by tacrine or NIK-247 and the
B-adrenoceptor antagonist did not alter basal acetylcholine
content and failed to enhance the increase of acetylcholine
content in the striatum induced by the two cholinesterase in-
hibitors. Our previous experiments (41) have also shown that
pretreatment with pindolol or propranolol increased the yawn-
ing responses induced by the direct muscarinic receptor ago-
nist, pilocarpine, suggesting that 8-adrenoceptor antagonists
may not affect the synthesis and/or release of acetylcholine in
the brain areas involved in eliciting yawning behavior. Fur-
thermore, various $-adrenoceptor antagonists, including pin-
dolol, did not change the activity of acetylcholinesterase in
the brain (29). Taken together, it may be assumed that central
B-adrenoceptors do not regulate the activities of striatal cho-
linergic neurons.

According to expectation, in the present experiment, the
tacrine-induced yawning responses were increased notably by
LY-78335 and UK-1187A. These drugs are reported to block
adrenaline synthesis without change of dopamine and nor-
adrenaline levels in the brain via the inhibition of noradrena-
line N-methyltransferase (9,22,37). However, the dose-re-
sponse curve of yawning to PNMT inhibitors in combination
with tacrine was bell shaped. Similarly, the combined treat-
ment with pindolol and tacrine was shown to have bell-shaped
responses of yawning. Although the real reason for showing a
bell-shaped dose-response curve is obscure at present, it is a
possibility that a high dose of PNMT inhibitors or the 8-
adrenoceptor antagonist with the anticholinesterase agent pro-
duces changes of the other neuronal activities that inhibit the



990

occurrence of yawning. Furthermore, pretreatment with LY-
78335 or UK-1187A facilitated talipexole-induced yawning.
Therefore, PNMT inhibitors as well as 8-adrenoceptor block-
ers seem to enhance yawning responses via the inhibition of
central adrenergic neuronal activity.

The results suggest that the 8-adrenoceptor blockade and
inhibition of central adrenaline synthesis facilitate the occur-
rence of yawning induced by tacrine, NIK-247, or talipexole
and that the central adrenergic neuronal systems may partici-
pate in the regulation of yawning evoked by cholinergic and

KIMURA ET AL.

dopaminergic agonists. However, further work is warranted
to clarify a neuronal circuit between a dopaminergic-choliner-
gic-linked neuronal system and an adrenergic neuronal system
involved in yawning behavior.
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