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HOLMGREN, B., R URBA-HOLMGREN, N TRUCIOS, M ZERMElqO AND J. R. EGUIBAR Assoctatton of 
~pontaneous and dopamtnergt~-mdu~ed yawmng and pende erecttons in the rat PHARMACOL BIOCHEM BEHAV 12(1) 
31-35, 1985--In a Sprague-Dawley-denved hne of rats, selectively bred to estabhsh a high incidence of spontaneous 
yawning behavior, the stmultaneous and systemattc momtonng of yawmng and pemle erecUons, during observation periods 
of one hour, demonstrates a linear correlation between these two behaworal patterns. Dose-effect curves of yawmng and 
penile erections ehclted by apomorphme and bromocnptme, and their mlubitlon by metoclopranude are qmte slmdar. 
These results strongly suggest that yawmng and pemle erection are subject to some common regulatang and modulating 
mechamsms, one of which seems to revolve dopammerg~c pathways 

Apomorphme Bromocnptlne Metoclopramlde Yawning Penile erection 

EARLY reports on the stretching and yawning syndrome 
(SYS) mduced m rats by mtracisternal rejections of  ACTH 
and MSH [10-12] were soon followed by others which de- 
scribed that mtraventricular or intracerebral administration 
of  ACTH or MSH also produced signs of  sexual excitement 
(penile erection (for the sake of brevity we wdl use the ex- 
pression pende erection to describe a behav,oral pattern 
which, m the rat, may also include gemtal grooming, pelwc 
thrusts or ejaculation [7]) and hcking of  the gemtalm in the 
male, lordotic posture in the female), not only in rodents but 
also m other mammals [7, 8, 9, 13 16, 19, 20, 27] Different 
pharmacologtcal evidence suggesting an associaUon between 
yawnmg and sexual excitement began with work by Barald! 
and Benassi-Benelli [3] and Mogilmcka and Khmek [17] 
demonstrating that systemic admimstratlon of  apomorphine 
(APO) and other dopamme (DA) agonlsts ehclts both yawn- 
mg and penile erections in the rat 

SystemaUc observation of  spontaneous and pharmacolog- 
ically reduced yawning and penile erecUons m a hne of  
Sprague-Dawley rats selectively bred m our laboratory to 
estabhsh a high incidence of  yawning has led us to suggest 
that yawning and pende erection are correlated even m the 
normal spontaneously behawng animal. As reasonable paral- 
lehsm exists between the ehcltatlon or mhlblUon of yawnmg 
and penile erections by drugs acting through DA pathways, 
we further suggest that dopaminergic mechanisms operate m 
the regulation or modulation of  these two beh, avioral pat- 
terns 

METHOD 

The observaUons and experiments described in this work 
have been made in 374 male Sprague-Dawley rats, from the 
F1 to F6 generations of  a line selectively bred to establish 
high yawning frequency and m 210 randomly bred animals. 

Behavtoral Observations 

Observations were performed in 2-3 months-old male 
rats, with each animal placed m a transparent glass cylinder 
(diameter 190 mm, height 100 mm), the floor of  which was 
covered with a sheet of  clean filter paper, and the top with a 
Plexlglas plate, leaving a 1 cm wide segment open for venti- 
lation The period of observation had a standard duration of 
1 hr. All experiments,  except  those using bromocriptine, 
were performed between 8 and 10 a.m. Yawns and penile 
erections were momtored and clocked by two observers sit- 
tmg on opposite sides of  the table on which the animals were 
placed. Not more than eight rats were observed simulta- 
neously. Dose-effect curves for both yawmng and pemle 
erections were traced with two DA agonlsts: APO and 
bromocnptme.  The effect of metoclopramide, a DA 
antagomst with relative selectivity for presynaptic au- 
toreceptors [1], was studied on both spontaneous and drug- 
eho ted  yawning and pende erecuons. 

Drug Admtmstratton 

The drugs used were the following: apomorphme HCI 
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FIG 1 Correlation between spontaneous yawning and penile erec- 
tmns Abscissa ranges of yawn frequency Zero corresponds to 
non-yawning rats, 5 represents range from 1 to 5, I0 from 6 to 10 and 
so forth Ordinate average penile erectzon frequency Numbers m 
parenthesis represent N for each range of yawn frequency r=0 84, 
p<0 05 
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FIG 2 Temporal relations between individual pende erecuons and 
nearest yawn Ordinate number of erections w~thm each range of 
intervals Abscissa Intervals between yawns and erections Zero, 
coincidence of the two behaviors within the same minute N, total 
number of erections considered Other detads m the text 

(Clumlmport, Bulgaria), bromocnptme mesylate (Sandoz, 
S.A M~xlco) and metoclopramlde HCI (Lundbeck and Co., 
Denmark). APO and metocloprarmde soluuons were freshly 
prepared in distilled water and properly diluted in sahne 
(0.9% NaCl) to reach a standard mjecUon volume of 0.20 
ml/100 g bodywelght. In the case of APO solutions ascorbic 
acid was added to the distilled water (0 20 mg/ml) to hinder 
drug oxidation Bromocriptme was dissolved in tartaric acid 
(0.20 raM), in a concentration ten tmmes higher than that 
appropriate for injection, lmmedmtely prior to injection it 
was further dduted with distilled water. Both DA agomsts 
were rejected subcutaneously. APO lmmedmtely before the 
observation period; bromocriptine 90 minutes before, be- 
cause of the longer latency but great persistence of its effects 
[9]. Metoclopramlde was always rejected intraperitoneally 15 
minutes before the observation period or the mject~on of a 
DA agomst All drug doses are referred to the salt form. 

Statistical procedures will be mentioned with the results. 

RESULTS 

Spontaneous Yawning and Penile Erections 

Spontaneous yawning and pende erections are rather m- 
frequent behavioral patterns m Wistar rats [6, 14, 17, 27]; 
this low frequency has hindered the study of quantltatwe 
relaUons between these two behaworal patterns. In the 
Sprague-Dawley-derived 'frequent yawning' line of rats, in 
process of selective breedmg m our animal house m Puebla, 
yawning occurrence in male animals, dunng standard 
periods of observatmn of 1 hour, has increased from 47% in 
F1 to above 90% from F3 forwards. Average yawning fre- 
quency mcreased from 6 yawns/hr m F2 to 27.4 m F5 and 
18 1 yawns/hr in F6 The highest lndwldual figures in male 

rats in each generation have been the following F2--37; 
F3--50, F4--55, F5--77, and F6--68 yawns/hr If average 
penile erection frequency is plotted against average yawning 
frequency, as m Fig. 1, zt may be seen that penile erections 
increase hnearly from around 0 4 erections/hr in the group of 
non-yawning rats, to about 2 erections/hr in the group that 
had an average yawning frequency within a range from 26 to 
30 yawns/hr. While in the group of rats with a yawning fre- 
quency from 6 to 10 yawns/hr penile erections were observed 
in only 56% of the animals, in the group exhzbltmg 26 to 30 
yawns/hr the occurrence of erections of the pems reached 
85%, during one hour of observation 

As some anecdotal descriptions in the literature on the 
association of yawning and penile erection could convey the 
idea of some synchromzation between these behavioral 
items, we have studied time relations between a great 
number of erecUons (n=490) and mdlwdual yawns im- 
medmtely preceding or following the former behaworal pat- 
tern According to the results illustrated m Fig 2 in only 21Y'/b 
of the cases did erecaons and yawns coincide within the 
same one minute interval 

Association o f  Pharmacologtcally-Ehctted Yawnmg and 
Pemle Erections 

When these behavioral patterns are reduced by DA 
agonists, apomorphme or bromocnptme, In male rats not 
exhibiting frequent spontaneous yawnmg, the dose-effect 
curves for both behaviors are quite similar (Figs 3 and 4), 
with an inverted U shape For the low APO doses that In- 
duce yawning the latent penod of the effect is very short, 
around 5 minutes, and its duration is around 45 minutes 
Higher doses, from 0 25 mgkg ~ upwards, produce an initial 
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TABLE 1 
ANTAGONISM OF METOCLOPRAMIDE ON APOMORPHINE AND BROMOCRIPTINE 

INDUCED YAWNING AND PENILE ERECTIONS 

Maximal % reductmn Metoclopramlde A50 
m frequency values (mgkg -1) 

Yawning P erecUons Yawmng P erectmns 

APOMORPHINE 55* 52* 0 34 0 30 
(0 05 mgkg -1) 

BROMOCRIPTINE 50* 48* 0 37 0 28 
(10 mgkg -~) 

Maximal effects of metoclopramlde were obtained with 0 75 mgkg -1 rejected mtrapen- 
toneally 15 mln before the DA agomsts Control rats recewed lnjectmns of the vehicle 
The rats were observed during 1 hr N= 12 A50 values were calculated from metoclo- 
pramlde dose-effect curves traced with 0 3, 0 5, and 0 75 mgkg -1 *p<0 05 (Mann- 
Whitney U Test, two tads) 
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FIG 3 Apomorphme effects on both yawning and penile erections 
Ordinate erectmns (left) or yawns (right) observed dunng 1 hr 
Absossa apomorphme doses indicated m each bar N= 12 rats m 
each group *p<0 05 and **p<0 01 (Wflcoxon and Wilcox Test 
[24]) 

FIG 4 Bromocnptme effects on both yawning and penile erectmn. 
Ordinate as m Fig. 3 Abscissa bromocnptme doses indicated m 
each bar N= 12 animals m each group *p<O 05, **p<0 01 (Wilcox- 
on and Wdcox Test [24]) 

depression of yawning [23], and perhaps also of erection of 
the penis, which explains the falling phase of APO's dose- 
effect curves (Fig. 3). Such an explanation is not valid for 
bromocriptine's dose-effect curve, because the observations 
were performed 90 minutes after ItS injection, and dunng a 
period of very stable effects, which may persist for several 
hours. 

The antagonistic effects of metoclopranude on penile 
erections and yawning induced by standard doses of APO 
(0.05 mgkg -1) or bromocnptine (10 mgkg -~) are also quite 
similar, maximal and statistically significant reductions in 
the frequency of both behavioral patterns to about half of 
their control values being obtained with the same dose of 
metoclopramlde (0.75 mgkg-~), whatever the DA agonist 
used to elicit them. No significant differences were observed 
in the slopes of the metoclopramide dose-effect lines traced 

for yawning and penile erection with 0.3, 0.5 and 0.75 
mgkg-' ,  nor in the respective A50 values (Table 1) 

DISCUSSION 

A strict correlation between spontaneous yawning and 
penile erections was certainly difficult to establish In Wistar 
rats, because of the low frequency of these behavioral pat- 
terns. In that strain of rats spontaneous yawning has, accord- 
ing to different authors [6, 14, 17, 27] average frequencies 
within a range from 0.1 to 2 yawns/hr. For penis erection, an 
occurrence of 30% and an average frequency of 0.3 erec- 
tlons/hr were reported by Bertolini et al. [6], from experi- 
ments in which the animals were observed during two hours 
Their data show a yawning occurrence of the order of 60%, 
with an average frequency of 1 5 yawns/hr. The progress 
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made m our laboratory, in the selectwe breeding of  a 'fre- 
quent yawning' hne of  Sprague-Dawley rats has allowed us 
to demonstrate that penile erection frequency increased 
hnearly from around 0 4 erections/hr in the group of  non- 
yawnmg rats, to 2 erectlons/hr in the group that had an aver- 
age spontaneous frequency within a range from 26 to 30 
yawns/hr This correlation suggests that some common un- 
derlying factors may parUclpate m the regulation of  these 
two behaworal patterns For  Bertollm et a! [7], when both 
behavioral patterns "occur  under physiological condmons, 
they might be ehctted by an endogenous pepUde closely re- 
lated to CRF , "  and containing " the  peptlde sequence re- 
quired for ehcmng stretching, yawning and sexual stimula- 
tion " 

The very similar dose-effect curves obtained by us for 
yawning and penile erection, when elicited with two DA 
agomsts (APO and bromocrlptme) (Figs 3 and 4) and their 
eqmvalent depresmon m frequency by the selective 
presynaptlc DA antagomst, metoclopramlde (Table 1) 
strongly suggest that penile erection and yawning are both 
under dopammerglc control. In relation to yawning, which is 
also elicited in rats by chohnomimetic drugs, physostlgmine 
or pflocarpine [22,26], a hypothetical model of  its central 
control mechamsm has been proposed [14, 23, 26], which 
includes a dopaminerglc inhibltory-chohnerglc excitatory 
hnk Low doses of APO or other dopammergic agonlsts, by 
activating presynaptic DA autoreceptors would inhibit DA 
release and thus dlsinhlblt the chohnerglc neurones exciting 
yawning Wood et al [25] have proposed that septal- 
hlppocampal chohnerglc neurones are revolved m the spe- 
cific SYS elicited by lntraventncular injection of MSH or 
ACTH It ~s therefore tempting to suggest, as Yamada and 
Furukawa lmphcttly do [27], that the dopammerglc- 
chohnerglc link in yawning m~ght revolve the DA pathway 
ascending from the A10 mesencephallc cell group to the 
hmbic region and the septal-hippocampal chohnerglc 
neurones It seems interesting to recall that Passouant el al 
[18] had observed yawning in cats during the post-d~scharge 
period following electrical stimulation of  the h~ppocampus 

With respect to gemtal function, consistent results from 
MacLean and coworkers (as reviewed by MacLean [16]) 
showed that electrical stimulation of  several sites in the hm- 
b~c areas, leading to the buildup of  h~gh-voltage potentials or 
afterd~scharges m the h~ppocampus, are generally accom- 

panied by penile erection In later experiments done with 
Klnnard, MacLean [16] found that depositing c~-MSH or 

'4/3-ACTH m sohd form in the septo-preoptic region of the 
squirrel monkey resulted in recurrent episodes of stretching, 
yawning, scratching of the body and full penile erections 
which, m about three hours, could reach a frequency of  
twice per minute 

The reviewed evidence points strongly to the existence of 
some common regulating or modulating elements mterrelat- 
mg, under certain physiological or experimental circum- 
stances two behavioral patterns as different as yawning and 
penile erection The complex neural circuitry interconnect- 
mg the different structures of  the hmblc brain may offer 
neuroanatomlcal sites for this interaction Common modulat- 
ing influences seem also important Hormones such as tes- 
tosterone [4, 8, 15, 19], or a particular polypeptlde sequence 
contained m a-MSH and /3-ACTH [7,13] facditate both 
yawning and pende erection Tonic changes in neurotrans- 
mitter influences, as exerted by the ascending mesohmblc 
pathway [27] or other DA pathways, may inhibit or dismhlblt 
these behavioral patterns 

The most recent report by Serra et a! [21] that hypophy- 
sectomy m rats prevents yawnmg and penile erections in- 
duced by apomorphme is qmte a strong argument in favor of 
their hypothesis that both behavioral effects are mediated by 
pituitary hormones They suggest that activation of DA au- 
toreceptors m the hypothalamo-hypophyseal DA neurones 
by low doses of  apomorphine might remove an inhibitory 
control on MSH release, the hormone reaching target areas 
m the brain by retrograde portal flow This hypothesis ap- 
pears very attractive because it offers a unifying explanation 
of  the ellcltatlon of yawning and penile erections by so dif- 
ferent substances as the common polypeptlde sequence con- 
talned in a -MSH and/3-ACTH, and DA agonlsts 
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