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MARINI, J. L. Serotonergic and dopaminergic e]]~'cts on yawning in the cat. PHARMAC. BIOCHEM. BEHAV. 15(5) 
711-715, 1981.--The serotonergic agents LSD (0.01-0.05 mg/kg) and lisuride (0.025 and 0.05 mg/kg) elicited a high fre- 
quency of limb flicking in the cat after IP doses; LSD, but not lisuride, elicited a significantly increased frequency of 
yawning as well. In combination, LSD plus lisuride (0.025 mg/kg each) gave additive frequencies of limb flicking, but the 
frequency of yawning was half that after LSD alone. The dopamine agonist apomorphine had no significant effect on either 
yawning or limb flicking over the dose range 0.006 to 3.2 mg/kg. Pretreatment of cats with 1.0 mg/kg of apomorphine (but 
not with 0.05 mg/kg) significantly reduced the frequency of yawning elicited by 0.01 or 0.025 mg/kg of LSD, but had no 
effect on limb flicking. The dopamine antagonist haloperidol had no effect on limb flicking at doses from 0.008 to 0.512 
mg/kg, but produced a significantly increased frequency of yawning at 0.256 mg/kg, an effect antagonized by lisuride 
administration. Given that lisuride has more potent dopamine agonist properties than LSD, these results are consistent with 
serotonergic elicitation of yawning, dopaminergic inhibition of yawning, and with their concomitant interaction in the 
expression of drug-induced yawning in the cat. The behavioral pharmacologies of limb flicking and yawning are different in 
this species. 

Yawning Cats Serotonin Dopamine LSD Lisuride Limb flicking 

RECENT pharmacological studies of yawning in the rat have 
shown that in this species the behavior is affected by 
cholinergic, dopaminergic, and serotonergic agents, and to 
some extent by glutamate [8]. The cholinergic drugs physos- 
tigmine and pilocarpine (PILO) elicit yawning [21,28] by a 
mechanism involving muscarinic, but not nicotinic, 
cholinergic receptors in the central nervous system [21,28]. 
The frequency of such cholinergically-elicited yawning is 
greatest in rats less than 10 days of age [21]. There is also 
evidence that a dopaminergic mechanism inhibits yawning in 
the rat. For instance, fluphenazine, which blocks dopamine 
(DA) receptors, potentiates physostigmine-induced yawning 
[28], and yawning is induced by doses of the DA agonist, 
apomorphine (APO), that inhibit dopamine-firing [2, 15, 28]. 
It has been proposed that cholinergic activation and 
dopaminergic inhibition act concomitantly in the expression 
of yawning in rats [2,28]. 

A serotonergic mechanism also affects the behavior, al- 
though it has been less thoroughly studied. For example, 
citalopram (Lu-10-171), an inhibitor of serotonin (5HT) reup- 
take, strongly potentiates physostigmine-induced yawning in 
rats [2,22], and the effect of citalopram is antagonized by 
metergoline, which blocks 5HT receptors [22]. Because ad- 
ministration of citalopram alone was without effect on yawn- 
ing, the action of 5HT was assumed to be "modulatory" 
[22], that is, to require ongoing (cholinergic?) activity or tone 

for its expression. This proposal is consistent with the results 
of studies of the application of 5HT to motor neurons in 
anesthetized rats [12-14, 16, 23, 25] and cats [25], and to 
neurons in the myenteric plexus of the guinea pig [26,27], all 
of which indicate a modulatory effect of 5HT on neuronal 
activity in these systems. 

Hallucinogens with 5HT-agonist properties, including 
d-lysergic acid diethylamide (LSD) and N,N-dimethyltryp- 
tamine (DMT), have also been reported to modulate motor 
neuron activity [13]. DMT elicits yawning in monkeys [13], 
and these and other LSD-like hallucinogens have been re- 
ported to produce increased frequencies of yawning in cats 
[7,20]; data on this subject have been published only for the 
5HT agonist 5-methoxy-N,N-dimethyltryptamine [20]. 

During studies [9-11] of the specificity of a cat behavior 
model for hallucinogens I5-7, 19], I observed that LSD elic- 
ited a high frequency of yawning. Since LSD is a potent 
serotonergic agent (e.g., [18]) which also possesses 
dopaminergic properties (e.g., [4]), and since both 5HT and 
DA have been implicated in yawning, I used LSD-elicited 
yawning as a starting point for a study of the roles of 
serotonergic and dopaminergic mechanisms in the behavior. 
In addition to its relevance to the pharmacology of yawning 
and the behavioral pharmacology of LSD, the study was 
intended as a preliminary investigation of yawning as a be- 
havioral index of serotonergic and dopaminergic properties 
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of  drugs.  S ince  5HT m e c h a n i s m s  a p p e a r  to inc rease ,  and  DA 
m e c h a n i s m s  dec rease ,  the  f r equency  of  o c c u r r e n c e  o f  yawn-  
ing, drug-el ic i ted yawning  may  p rov ide  a s imple s y s t e m  for  
s tudy ing  the  in te rac t ions  of  s e ro tone rg ic  and  dopamine rg i c  
drugs ,  or  for  inves t iga t ing  the  c o n c o m i t a n t  e x p r e s s i o n  of  
5HT-  and  DA-re la ted  p roper t i e s  of  a drug wi th  " m i x e d "  
effects .  For  pu rposes  of  c o m p a r i s o n ,  I also scored  l imb flick- 
ing, a wel l -s tudied feline b e h a v i o r  which  is not  obv ious ly  
re la ted  to yawning ,  and is el ici ted by m a n y  drugs  [ 10, 11, 24], 
inc luding L S D  and  re la ted  ha l luc inogens  [5, 6, 9, 24]. 

METHOD 

Animal s  

Twelve  hea l thy  adul t  mongre l  ca ts  (5 females ,  2.6--4.0 kg; 
7 males ,  3 .5-7.5 kg) were  employed .  They  were  housed  in 
s t anda rd  s ta inless  steel cages  for  at least  two m o n t h s  pr ior  to 
these  s tudies ,  in a t e m p e r a t u r e - c o n t r o l l e d  room on a 12-hr 
l ight-dark  cycle  (lights on: 7 a .m.  to 7 p .m.) .  Food  (Pur ina  
Cat  Chow)  and  wa te r  were  a lways  avai lable .  Rout ine  daily 
cage m a i n t e n a n c e  was pe r fo rmed  by the Divis ion of  Animal  
Care ,  Yale Un ive r s i ty  School  of  Medic ine .  All an imals  had 
rece ived  LSD and l isuride [9,10], and  seven  had rece ived  
me thyse rg ide  [10], pr ior  to these  expe r imen t s .  

l)rltL,.s 

Saline (control )  and drugs  d i sso lved  in saline were  ad- 
min i s te red  by the  in t raper i tonea l  (IP) route  in all cases ;  in- 
j ec t ion  vo lume was 1 ml/kg excep t  for  p i locarp ine  (0.25 

ml/kg). Fo r  expe r imen t s  no t  repor ted  in Tab le  1. the num- 
bers  o f  an imals  and  doses  emp loyed  are g iven  below.  Doses  
of  L S D  (as b i ta r t ra te ,  Na t iona l  Ins t i tu te  on  Drug Abuse ,  
N I D A )  were  p repa red  by di lut ion o f a  0.10 mg/ml s tock solu- 
t ion in sal ine,  s tored  in the da rk  at room t empera tu re .  
Lisur ide  (LIS,  as hydrogen  malea te ,  Scher ing  AG)  solut ions  
were  p repa red  daily. A p o m o r p h i n e  (APO,  as hydroch lo r ide ,  
Merck)  solut ions  were p repa red  daily,  excep t  in one  or two 
cases  in which  solut ions  were  s tored  refr igera ted for  no more  
than  3 days.  No APO solut ion used showed  ev idence  of  de- 
compos i t i on  (deve lopmen t  of  a g reen  color  d a r k e r  than  that  
of  a f resh solution).  E leven  APO doses  were  employed ,  10 
based  on consecu t ive  doubl ing  of  0.00625 mg/kg to 3.2 
mg/kg, and 1.0 mg/kg. Fou r  ca ts  were  tes ted  at each  dose ,  
e x c e p t  for 0.10 mg/kg, for  which  N =7.  P i locarpine  (P ILO,  as 
hyd roch lo r ide ,  Sigma) so lu t ions  were  p repa red  daily.  Fou~ 
cats  were  t es ted  at 0.125, 0.25, and 1.0 mg/kg;  six were 
tes ted  at 0.5 mg/kg. Ha loper ido l  ( H A L ,  McNei l )  so lut ions  
were  p repa red  by di lut ion of  the  inject ible  p repa ra t ion  (5 
mg/ml) with  HCl-acidi f ied sal ine (pH=4 .3 ) ,  and  were  s tored 
for  no more  than  4 days.  The  m a x i m u m  H A L  c o n c e n t r a t i o n  
used was 0.512 mg/ml in saline ( p H = 3 . 2 ,  lower  than  sa l ine ' s  
due to buffers  in the  inject ible  p repara t ion) ,  all o t h e r  H A L  
solu t ions  were  made  by di lu t ion of  this  c o n c e n t r a t i o n  with 
acidif ied sal ine,  and none  showed  prec ip i ta t ion  of  drug upon 
visual  examina t ion .  ( H A L  prec ip i ta ted  f rom solut ion when  
p repa red  in this  way for a nomina l  c o n c e n t r a t i o n  of  2 mg/ml.)  
T w o - f o u r  ca ts  were  scored  at 0 .008-0.064 mg/kg, and six at 
0.128, 0.256, and 0.512 mg/kg. 

T A B L E  1 

FREQUENCIES OF DRUG-ELICITED YAWNING AND LIMB FLICKING IN CATS 

Mean Occurrences per 90 min + S.E. 

Drug Treatments Saline (Control} 

(N) Drugs and Dose, 
mg/kg Yawns Limb Flicks Yawns Limb Flicks 

(6) LSD, 0.01 7.8 +_ 2.4§ 41 _+ 12§ 0.3 + 0.2 2.5 ± 1.5 
(9) LSD, 0.025 6.2 _+ 1.4# 53 + 9.3# 0.3 + 0.2 1.7 ± 1.0 
(7) LSD, 0.050 5.6 + 1.5¶ 44 ± l l~ 0.4 + 0.2 1.3 + 0.77 

(8) LIS, 0.025 0.1 + 0.1 19 + 6.3§ 1.0 _+ 0.53 0.9 + 0.5 
(9) L1S, 0.05 0.3 ± 0.4 33 + 13:~ 0.3 ± 0.2 0.4 + 0.3 

(5} LIS + LSD, 0.025* 2.6 + 1.3 42 + 21 0.8 + 0.2 1.2 + 0.65 
(5) LSD, 0.025* 5.0 + 2.7 22 -+ 7.45 0.4 + 0.3 1.0 + 0.71 
(5) L1S, 0.025" 1.0 + 0.35 19-+ 13 0.2 + 0.2 1.4 + 0.76 

(6) LSD, 0.025 6.5 _+ 1.9¶ 73 + 14~ 0 0.8 + 0.9 
(6) LSD + APO, 0.05 6.5 + 1.2¶ 70 + 16~1 
16) LSD + APO, 1.0 1.8 _+ 0.59¶ 70 + 23:! 

(5) LSD, 0.01 + 5.8 ± l . l¶  46 + 12§ 0.4 _+ 0.3 3.0 ± 1.7 
(5) LSD + APO, 0.05+ 4.0 _+. 1.55 39 + 12-: 
(6) LSD. 0.01 7.8 + 2.4§ 41 _+ 12§ 0.3 _+ 0.2 2.5 ± 1.5 
(6) LSD + APO, 1.0 0.8 _+ 0.6 38 ± 11 

LSD-d-lysergic acid diethylamide; LIS-l isuride;  APO-apomorphine.  
*Data are for 60 rain. 
+One of six animals tested is omitted because it received an incorrect APO dose. 
$p<0.05: §p<0.025, ~p<0.01; #p<0.001. Underscored values-Yawning frequencies signifi- 

cantly different by at least p<0.05. 
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Scoring and Experimental Design 

Limb flicking and yawning were scored in 15-min epochs 
for 90 min immediately following drug administration except 
in the LSD + LIS combination experiments,  which were 
scored for 60 min (a 90-min scoring protocol had not been 
adopted when the combination experiments were per- 
formed). At least 6 days elapsed between consecutive exper- 
iments with each animal, animals were scored in their home 
cages, and each was tested at the same time of day (10 a.m. 
to 4 p.m.). The behaviors were scored by criteria previously 
described [5,10]. In cats, yawning is often preceeded by jaw 
movements and partial jaw opening, usually accompanied by 
chop licking. Such jaw movements,  whether associated with 
frank yawning or not, were never scored as yawns. 

Scoring after saline, LSD, LIS, LSD + LIS,  and HAL + 
LIS,  was performed with a knowledge of drugs and doses; in 
the latter case, H A L  was administered 15 min before LIS,  
and scoring commenced immediately after the LIS injection. 
The behavioral activities of LSD [5,6] and LIS ]9,24] were 
originally scored by raters blind to dose. Since LSD and LIS 
can readily be distinguished from saline, and since no hy- 
pothesis about the quantitative relationship of dose to re- 
sponse were being tested, blind rating was not employed 
when these drugs were tested alone. APO doses from 0.006 
to 0.05 mg/kg were scored blind to dose; because neither 
these doses not 1.0 mg/kg appeared behaviorally active, the 
other APO doses were scored non-blind. In APO + LSD 
experiments,  APO was given 15 min before LSD, and scor- 
ing commenced immediately after the LSD injection. In the 
first of these experiments to be performed (LSD, 0.025 
mg/kg), animals were tested during three consecutive weeks, 
with cats receiving LSD every week. Each week, two cats 
received only LSD, and four received APO (either 0.05 or 
1.0 mg/kg, two cats at each APO dose) in addition. The 
scorer was aware of drugs and doses in this experiment.  In 
the second (LSD, 0.01 mg/kg), all cats received a reference 
LSD dose during the same week. Subsequently, they were 
tested on two consecutive weeks, during both of which they 
received LSD and one of the two APO doses. In this experi- 
ment the scorer was blind to the APO dose received. All 
HAL and PILO experiments were scored blind to dose, ex- 
cept for 0.50 mg/kg of PILO [11]. 

Statistics 

Comparisons of experimental with reference conditions 
are made with the two-tailed paried t-test. The measure of 
variance reported here is _+ the standard error of  the mean. 
p<0.05 is the criterion for statistical significance. 

RESULTS 

The control data in Table 1 show that both yawning and 
limb flicking occurred infrequently after saline injections; no 
sex differences were found. LSD (0.01-0.05 mg/kg, Table 1) 
elicited a significantly increased frequency of yawning at all 
doses. Every animal yawned at least once after LSD. Ex- 
cluding one male cat with an unusually high frequency of 
yawning after LSD (18 and 14 per 90 min at 0.01 and 0.025 
mg/kg, respectively),  the mean frequencies of occurrence of 
yawning for males (4-7 per 90 min) were similar to those for 
females (4.5-6.5 per 90 rain). 

As expected,  these doses of LSD also elicited limb flick- 
ing, and every animal limb flicked at least 7 times after LSD. 
For  comparison with other published reports,  which used 

60-min scoring periods [5-7, 9, 19, 24], the mean frequencies 
of LSD-elicited limb flicking in the 60 rain following injection 
of 0.01, 0.025, and 0.05 mg/kg were: 21_+6.2, 35_+6.1, and 
30-+6.3, respectively. 

Table 1 presents data showing that, while LIS doses ot 
0.025 and 0.05 mg/kg were comparable to LSD in eliciting 
limb flicking, they had no effect on yawning. Previously re- 
ported experiments also showed no effect of LIS on yawning 
at these doses, or at 0.006, 0,013, and 0.10 mg/kg [9]. For  
comparison with other published data, based on a 60-min 
scoring period [9,24], the mean frequencies of  behaviors in 
the 60 min following injection of 0.025 and 0.05 mg/kg of 
lisuride were: Yawns, 0.1_+0.1 and 0.3-+0.4; limb flicks, 
10-+3.2 and 22_+9.4, respectively. 

In five cats given 0.025 mg/kg of  both LSD and LIS simul- 
taneously, the hourly frequency of limb flicking was additive 
compared to the frequencies when the drugs were given 
singly (Table 1), but the frequency of  yawning was about 
5(F/~ less than after LSD alone (difference not statistically 
significant). 

APO had no significant effect on yawning or limb flicking 
when given at doses in the range 0.006-3.2 mg/kg (Yawns: 
median frequency across all doses, 0.5; range, 0-I .0;  saline: 
median, 0.15; range, 0--0.3. Limb flicks: median, 0.9; range, 
0-3.3; saline: median, 0.3; range, 0-1.3). The maximum fre- 
quency of yawning was found at 0.10 mg/kg (N =7, 1.0_+0.47; 
saline, 0). No yawns were observed in four cats tested at 
both 1.6 and 3.2 mg/kg of APO, although they were observed 
to yawn in other experiments.  At 3.2 mg/kg, one cat emitted 
12 limb flicks. At the highest (1.6 and 3.2 mg/kg) APO doses, 
three cats showed stereotyped behaviors, consisting of  re- 
petitive head and forelimb movements with perseverative 
fixed attention, that persisted for about 45 min after drug 
administration. Urination, defecation, and sialorrhea were 
seen in some cats at these doses, and two to three animals 
vomited. 

Pretreatment of animals with 0.05 or 1.0 mg/kg of APO 
had no effect on the frequency of limb flicking after either 
0.01 or 0.025 mg/kg of LSD, but the higher APO dose signifi- 
cantly reduced the frequency of yawning in both cases (Ta- 
ble 1). 

HAL had no significant effect on limb flicking at doses 
from 0.008 to 0.512 mg/kg (median, 2.6; range, 0-3; saline: 
median, 0.9; range, 0.5-2.8). HAL significantly increased the 
mean frequency of occurrence of yawning only at 0.256 
mg/kg (N=6,  !.2-+0.34; saline, 0.3_+0.2; t=5 ,  p<0.01;  5/6 
cats yawned one or two times at this dose); yawning scores 
were close to those after saline for all other HAL doses 
(median, 0.3; range, 0-1.0; saline: median, 0.3; range, 0-0.5). 
No weakness, incoordination or ataxia were observed on 
handling the animals immediately after every HAL experi- 
ment, and the doses used produced no marked effects except 
for a wakeful, quiet restlessness at 0.256 and 0.512 mg/kg. 

Four of the five cats which received 0.256 mg/kg of HAL 
and which yawned at that dose (mean, 1.3-+0.29 yawns per 
90 min) were pretreated with L1S (one animal each at 0.006 
and 0.0125 mg/kg; two at 0.025 mg/kg) 15 min before receiv- 
ing HAL. None of the cats yawned in the subsequent 90 min 
(mean yawning, HAL + LIS, 0; comparison with HAL 
alone: t(3)=5, p<0.02);  limb flicking was observed in two of 
them. 

PILO, 0.125-1.0 mg/kg, had no effect on yawning, but 
significantly increased the frequency of limb flicking at doses 
greater than 0.125 mg/kg, which also produced pronounced 
parasympathomimetic signs [ 11]. 
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DISCUSSION 

As mentioned in the introduction, serotonin appears to 
play a role in yawning in several species. Hallucinogenic 
5HT agonists have been reported to elicit yawning in the cat 
[7,20], and the present work shows that, in addition to limb 
flicking, LSD reliably elicits a significantly increased fre- 
quency of yawning. LSD has been much studied in the cat 
with respect to its elicitation of limb flicking [5-7, 9, 10, 19, 
24], in which behavior 5HT mechanisms are important (see 
e.g., [20]). In an earlier study it was shown that pretreatment 
of cats with methysergide, which blocks some types of 5HT 
receptors (14), significantly antagonized both yawning and 
limb flicking elicited by LSD in cats, and moreover, that 
methysergide produced cross tolerance to both of these be- 
haviors when it was administered 24 hr before LSD [10]. 
Taken together, these results provide consistent evidence 
that yawning has a serotonergic component in the cat,and 
that LSD-elicited yawning involves a serotonergic mech- 
anism. 

Unlike the case of the cat, LSD-like hallucinogens do not 
appear to elicit yawning in the rat. For example, doses of 
0.025 or 0.10 mg/kg of LSD (subcutaneously) do not elicit 
yawning in hooded rats (J. L. Marini, unpublished observa- 
tions), and LSD, 5-methoxy-N,N-dimethyltryptamine, and 
similar agents do not do so at doses producing marked ef- 
fects on acoustic startle in albino rats (M. Davis, personal 
communication). The recent literature on the "serotonin 
syndrome" following LSD and similar agents in the rat does 
not report yawning as a sign or side effect of hallucinogen 
treatment. 

Like LSD, LIS has potent serotonomimetic properties 
[17,18] and elicits limb flicking in the cat (Table 1, present 
work; see also {9,24]); LIS-elicited limb flicking is also an- 
tagonized by methysergide [10]. However, the present work 
shows that LIS does not elicit yawning, demonstrating that 
serotonomimetic potency is not a sufficient condition for 
drug-induced yawning. L1S appears to have more potent 
dopamine agonist properties than LSD [3,4]. By analogy 
with the work in the rat showing inhibition of yawning by a 
DA mechanism [2,28], the frequencies of yawning after LSD 
and LIS may be hypothesized to reflect both 5HT-mediated 
facilitation and DA-mediated inhibition, with the latter effect 
predominating in the case of LIS, the more potent 
dopaminergic agent. This hypothesis is supported by the re- 
sults of the LSD + LIS experiment, since LIS appeared to 

reduce the frequency of LSD-elicited yawning. Since com- 
bining LSD and LIS did not reduce the occurrence of limb 
flicks, the drugs' interaction with respect to yawning is rela- 
tively specific. 

The hypothesis was directly tested by using the DA 
agonist, APO. The 1.0 mg/kg APO dose significantly reduced 
LSD-elicited yawning, as would be expected from stimula- 
tion of DA receptors that mediate inhibition of yawning. The 
elicitation of yawning by 0.256 mg/kg of the DA-receptor 
blocking agent, HAL, is also consistent with the hypothesis. 
However, the hypothesis cannot explain why a higher HAL 
dose did not increase yawning. The result with HAL at 0.256 
mg/kg may therefore reflect a statistical artifact, or the inter- 
vention of a mechanism unaccounted for by the simple hy- 
pothesis. Reversal of HAL-elicited yawning by LIS is con- 
sistent with the hypothesis, but must be interpreted cau- 
tiously given the preceding remarks. 

Although a dose of I mg/kg of PILO increased yawning in 
infant rats [21], it had no effect on yawning in the cats used in 
these studies. In the rat, the maximum effect of PILO was 
seen at 2-4 mg/kg, doses I did not employ in cats because of 
the drug's pronounced parasympathomimetic activity [11]. 
APO has been reported to elicit a significantly increased fre- 
quency of limb flicking in cats at doses of 2 and 4 mg/kg when 
animals are observed in a scoring chamber [24], but I did not 
find uniformly increased limb flicking at similar doses (1.6 
and 3.2 mg/kg). Since the environment in which cats are 
observed has been shown to affect their responses to at least 
some drugs [24], and since I scored cats in their home cages, 
the difference in scoring environment may explain the differ- 
ent observations after high APO doses. 

The results of this study show that limb flicking and yawn- 
ing have different behavioral pharmacologies in the cat, and 
that the frequency of limb flicking elicited by LSD is insensi- 
tive to DA agonists. They also suggest that serotoner~ic 
facilitation and dopaminergic inhibition can act concomitant- 
ly in the expression of drug-elicited yawning in the cat. If this 
proves to be the case, it would provide a useful system for 
studying such interactions. 
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