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Two inbred rat sublines that differ in spontaneous yawning behavior
also differ in their responses to cholinergic and dopaminergic drugs
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This work compares the sensitivities of high-yawning (HY) and low-yawning (LY) sublines of Sprague—Dawley rats to dopaminergic and
cholinergic yawning-inducing drugs. HY animals are significantly more sensitive to apomorphine and (- )3PPP than LY animals. Physostig-
mine is a less effective yawning-inducer in HY than in LY rats. With pilocarpine no differences were detected between both sublines in regard
to its yawning-inducing activity. Since yawning behavior is subject to dopaminergic (inhibitory) and cholinergic (excitatory) influences, it is
suggested that the genetic differences between these sublines affect the dopaminergic pathways that normally regulate yawning frequency.

INTRODUCTION

Yawning is a behavioral pattern that has gained in-
creasing recognition in this last quarter of the twentieth
century. The easiness with which this motor act may be
induced, or modulated in frequency by different phar-
macological agents in laboratory animals, particularly
among rodents, has brought to focus a complex set of
neurotransmitters and hormonal mechanisms underly-
ing yawning behavior®.

It has been suggested that regulation of yawning is
partly the result of an interaction between dopamin-
ergic and cholinergic influences on the central yawning
pattern generator’. The fine details and localization of
these interactions in the central nervous system have
not been entirely worked out. Some authors'®'® believe
that dopaminergic induction of yawning results from
activation of low threshold postsynaptic receptors ex-
citing yawning, while others* 1415222830 g0005t it is
due to D, autoreceptors restraining the dopaminergic
inhibitory influences on yawning, thus disinhibiting
cholinergic yawn-excitatory pathways. There is practi-
cally general agreement in that muscarinic cholinergic
antagonists counteract yawning, whatever the pharma-
cological tool used to induce it (ACTH’, physostigmine
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or pilocarpine?', apomorphine or other dopamine ago-
nists'%-12:13-233%) These results suggest that the cholin-
ergic link in yawning regulation is downstream in rela-
tion to the dopaminergic one.

In a previous paper in this same journal® we re-
ported the development of two inbred sublines of
Sprague—~Dawley rats which differ significantly in spon-
taneous mean yawning frequency (MYF): one of them
yawns at a low frequency (LY); the other at a higher
rate (HY). The present report is an attempt to identify
the neural substrates of this genetic difference in spon-
taneous yawning frequency between HY and LY
Sprague—-Dawley rats, by comparing their sensitivities
to well known dopaminergic and cholinergic yawn-
inducing drugs.

MATERIALS AND METHODS

Animals and behavioral observations
The experimental subjects were LY and HY
Sprague-Dawley male rats, 60-75 days old. The ani-

‘mals were weaned at age of 1 month, and housed under

standard conditions, as previously described?>. On the
day of behavioral testing rats were moved to a quiet well
lit laboratory room and allowed to habituate to their
new environment for 1 h before yawn monitoring began.
Observations were performed with each rat placed in a
transparent glass cylinder (diameter 190 mm, height
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100 mm), the floor of which was covered with a sheet
of clean filter paper and the top with a plexiglass plate,
leaving a 1 cm wide segment open for ventilation. Ob-

servations were done regularly between 09.00 and 10.00 .

h to minimize circadian variation'. Yawning was moni-
tored by two trained observers (one of them perform-
ing a blind experiment) sitting on opposite sides of the
table on which the animals were placed. A yawn was
scored when a rat opened its mouth wide and gradu-
ally, retained the opened position during a couple of
seconds, and closed the mouth rapidly. The movement
was usually (but not always) accompanied by extension

of the neck and one or both forelimbs. The results are

expressed as frequencies (number of yawns/time). Ani-
mals, from both sublines, were selécted at random for
paired observations and used only once.

Drugs

The following drugs were used: physostigmine sul-
fate (Sigma, USA); pilocarpine- HCI (Sigma, USA),
(-)3-PPP (3-(3 hydroxy phenyl)-N-n-propylpiperi-
dine), Astra, Sweden) and Apomorphine-HCI (Sigma,
USA).

Solutions were freshly prepared in distilled water and
further diluted with saline to reach a standard injection
volume of 2 ml/kg bodyweight. Apomorphine (APO)
was dissolved in water containing ascorbic acid (0.2
mg/ml) to hinder oxidation. Doses are expressed in
terms of the free base. All drugs, except APO, were
administered intraperitoneally. APO was injected sub-
cutaneously in the lumbar region. Controls received
corresponding vehicle injections. ( - )3PPP was admin-
istered 15 min before observations began. The rest of
the drugs were injected immediately before observa-
tion.

Statistics

The behavioral dose-response curves were first ana-
lyzed by using the Kruskal-Wallis test (KWT) of var-
iance followed by individual comparisons between
drug-treated and control groups with the Mann-
Whitney U test (MWUT)'®. Since LY and HY rats
basal MYF’s are so different, in order to compare drug-
induced effects in both sublines, the absolute (addi-
tional) number of yawns induced by the drugs were
calculated. With data so obtained we traced dose-
response curves, with the ascending part of which a
linear regression analysis was performed. The EDsqs
were estimated by interpolation. LY and HY regression
lines were tested for parallelism by use of T' distribu-
tion as recommended by Tallarida and Murray®’. In all
cases the criterion for statistical significance was esti-
mated at P<0.05.

RESULTS
Yawn-induction by cholinergic drugs

1. Physostigmine (PHY) effects

The yawning responses to different doses of PHY in
HY (F21) and LY (F18-19) rats are shown in Fig. 1.
Both curves are quite similar in shape, but higher doses
of PHY were needed to induce significant and dose-
dependent increases in MYF when HY rats were the
experimental subjects. LY rats showed salivation and
muscle fasciculations with the higher doses used, sug-
gesting that their sensitivity to other muscarinic auto-
nomic or skeletal muscle effects was higher than in the
HY subline. The regression lines for LY rats was cal-
culated from the effects of 4 doses from 0.015 to 0.10
mg/kg, and for HY from 4 doses from 0.05 to 0.15
mg/kg (r=0.88 and 0.90, respectively). They are par-
allel (r = 0.933). The estimated EDs,s are 0.032 mg/kg
for LY rats and 0.085 mg/kg for HY animals. This shift
represents a 2.6-fold increase in sensitivity to PHY in
the former group.

2. Pilocarpine effects on spontaneous yawning behavior
Pilocarpine administration, within the range between
0.3 and 10 mg/kg, had a significant and dose-dependent
yawn-inducing effect, in both HY (F19) and LY (F14~
F15) sublines, with a latency as short as 5 to 6 min.
These effects lasted for.at least one hour. The highest
dose used (10 mg/kg) produced noticeable side effects,
intense salivation being the most remarkable. But no
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Fig. 1. PHY-induced yawning. Dose-effect curves. Ordinate: num-

ber of yawns elicited by PHY above spontaneous yawning frequency.

Basal MYF: HY, 28 y/h; LY, 1.9 y/h; n=12 male rats per group.

Statistics: KWT, P <0.0l for both curves; MWUT, P<0.01 or less

when each group was compared with its control. Vertical bars re-
present S.E.M. Other details, see text.



differences in sensitivity towards pilocarpine were ap-
parent between both sublines (Fig. 2).

Dopaminergic-induced yawning

1. APO effects

Fig. 3 compares APO-induced yawning in HY
(F22-23) and LY (F20-21) sublines. Both dose-—
response curves are bell-shaped and similar to those
obtained in other rat strains®. The regression lines, cal-
culated from the effects obtained with 4 doses (0.01—
0.10 mg/kg) for LY animals and 5 doses (0.001-0.025
mg/kg) for HY rats (*=20,597 and r=0.627, respec-
tively), are parallel (£ = 0.00). The ED4,s estimated from
them by interpolation are: LY =0.016 mg/kg;
HY = 0.0025 mg/kg. The shift in sensitivity is 6.4-fold.
With high doses of APO, above 0.3 mg/kg in HY rats,
and 0.4 mg/kg upwards in LY rats, yawning was com-
pletely inhibited, confirming previous observations by
several authors®!*!322

2. (- )3PPP effects

This drug has been described as a DA autoreceptor
agonist with some antagonistic activity on D, postsyn-
aptic receptors®. When its influence on yawning is ex-
plored in LY (F18-19) and HY (F22) animals, dose—
response curves quite similar in shape are obtained
(Fig. 4). There is a parallel shift to the left in the HY
dose-response curve (¢=1.08), that suggests a slight
increase in sensitivity (1.4-fold). HY animals treated
with 10 and 25 mg/kg looked very sleepy; with 50 mg/kg
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Fig. 2. Pilocarpine-induced yawning. Dose—effect curves. Ordinate:

number of yawns induced by pilocarpine above spontaneous yawn-

ing frequency. Basal MYF: HY, 20.7 y/h; LY, 2.3 y/h. n = 8 male rats

per group. Statistics: KWT, P<0.01 for both curves; MWUT.

P<0.01 or less when each group was compared with its control.
vertical bars represent S.E.M.

157

4047 @ HY .

3

a

s 4oLY

o /’

307 /T\T \

3 4

2

EZO—

€ ]

3

S '0'/ / \\
2

% 0 { Q—-—O/? 1] l ||
> ([ 25 5 10 25 50 100200 400

APO (ug/Kg)

Fig. 3. APO-induced yawning. Dose—effect curves. Ordinate: num-

ber of yawns elicited by APO above spontaneous yawning frequency.

Basal MYF: HY, 12,6 y/30 min; LY, 0.6 y/30 min. n = 8- 10 male rats

per group. Statistics: KWT, P<0.00] for both groups; MWUT,

P<0.0f or less when each group was compared with its control.
Vertical bars represent the S.E.M.

LY and HY rats appeared hypotonic and were immo-
bile most of the time. This might explain the abrupt fall
in yawning activity observed in both sublines with high
doses of (- )3PPP.

DISCUSSION

The results reported above show that two sublines of
Sprague—Dawley rats which differ in their spontaneous
yawning frequencies? also differ in their responses to
drugs with well known yawn-inducer activities.

It is known that the concentrations and turnover
rates of several neurotransmitters, the activities of
their synthesizing or degradative enzymes and their re-
ceptor densities in the brain show genetic varia-
tions>' 117262728 ' Dyrkin et al.” have suggested that
some changes in regional neurotransmitter activities in
the brain might be due to primary differences in their
underlying genetic mechanisms, whereas other might be
secondary to imbalances in neurotransmitter interac-
tions. Strain differences in behavioral expression or in
sensitivity to drugs may be one major consequence of
these changes.

Elicitation of yawning is mainly the result of an in-
teraction, somewhere in the brain, between inhibitory
dopaminergic and excitatory cholinergic influences on
the built-in motor program for yawning'®***°. Yawn-
ing induced by low doses of apomorphine or other DA
agonists has most generally been interpreted as the re-
sult of their selective action on low-threshold DA au-
toreceptors regulating impulse discharge, synthesis and
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Fig. 4. 3PPP induced yawning. Dose—effect curves. Ordinate: num-

ber of yawns induced by this drug above spontaneous yawning fre-

quency. Basal MYF: HY, 18.4 y/h; LY, 1.9 y/h. n=8~10 male rats

per group. Statistics: KWT, P<0.01 for both curves; MWUT.

P<0.03 or less when each group was compared with its control.
vertical bars represent the S.E.M.

release of the neurotransmitter®®8:14:15:222930 " Other

authors have postulated that this effect could be due to
postsynaptic excitatory DA, receptors'®'®. On the
other hand, higher doses of DA agonists decrease
yawning by acting on high threshold postsynaptic DA
yawn-inhibitory receptors®'®'*!>*2_ In our previous
paper?® we had advanced the idea that HY rats may
have an increase in cholinergic tone, understood as a
direct and general effect, intrinsic to the cholinergic
system as a whole, or as an indirect and more particular
phenomenon, consecutive to a decrease in tonic DA
inhibitory activity, and therefore restricted only to cho-
linergic pathways subject to dopaminergic restraining
control. In the case of a primary difference affecting the
cholinergic system as a whole, different sensitivities to
cholinergic drugs, with no changes or smaller ones in
the response to dopaminergic drugs, may be present
when comparing HY and LY rats. The alternative
hypothesis, that the primary genetic influences modify-
ing yawning behavior in these two sublines are exerted
on dopaminergic pathways may lead to differences in
sensitivity both to dopaminergic drugs and secondarily
to cholinergic drugs.

The results obtained with APO and (-)3PPP
(Figs. 3 and 4), point to the latter alternative. Both
drugs have been demonstrated to act on dopamine re-
ceptors and have been used to study the role of DA
pathways on yawning and other behavioral patterns”.
In HY rats the yawning dose-response curves traced
with these dopaminergic agents are shifted to the left in
relation to those in LY animals, md1catmg higher DA

sensitivity in the former group. This suggests that the
primary genetic difference between HY and LY rats is
a decrease in the synthesis and/or release of dopamine
in the former subline when compared with the latter. If
this interpretation were correct, postsynaptic cholin-
ergic neurones, partially disinhibited, would increase
their activity, releasing more ACh and thus increasing
MYF. The chronic increase in ACh might lead, as a
secondary effect, to a diminution in sensitivity of mus-
carinic cholinoceptive receptors related to the yawning
central pattern generator. We have tested this possibil-
ity by the use of pilocarpine, a well known muscarinic
agonist and yawn-inducer®'. We expected a diminution
in pilocarpine-induced yawning in HY rats but our
above described results do not agree with this predic-
tion: no differences in pilocarpine-induced yawning re-
sponses are evident between HY and LY rats (see
Fig. 2). The high turnover of ACh-esterase in the CNS
could explain that although more ACh may be released
in HY rats the steady average concentration of the
neurotransmitter in synaptic space would not increase
enough to determine changes in postsynaptic receptors’
sensitivity. At this point it seems interesting to com-
ment that Overstreet'’ has recently shown differences
in muscarinic responses between Flinders-sensitive
(FSL) and Flinders-resistant (FRL) lines of rats, dif-
ferences that do not necessarily correlate with changes
in receptors'’. Nevertheless other results reported here
show significant differences between the two sublines
(HY and LY) in regard to physostigmine-induced
yawning. Higher doses of this drug (a competitive in-
hibitor of AChE) are needed to induce yawning in HY
rats. It is a well known fact that competitive enzyme
inhibitors are less effective when their natural enzyme
substrate is increased. The lower yawn-inducing effect
of physostigmine in HY rats could be understood as
due to a higher basal concentration of ACh as com-
pared with LY animals."

In summary, the whole set of our results with yawn-
inducing dopaminergic and cholinergic drugs suggest
that the primary genetic difference between the HY and
LY Sprague-Dawley sublines seems to affect the ac-
tivity of dopaminergic inhibitory pathways that nor-
mally restrain yawning frequency.
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