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HEATON, J. P. W. AND S. J. VARRIN. Effects ofstreptozotocin-induced diabetes on dopaminergicfunctioning in the 
rat: Analysis of yawning behavior. PHARMACOL BIOCHEM BEHAV 44(3) 601-604, 1993. -Apomorphine, a dopamine 
receptor agonist, causes yawning in rats. It has been suggested that the analysis of yawning behavior provides an index of 
dopamine autoreceptor function. Dopamine turnover in the substantia nigra of diabetic rats has been shown to be decreased 
following administration of amphetamine or apomorphine (17,21 ). Yawning behavior after 4 weeks of streptozotocin (STZ)- 
induced diabetes in Wistar rats was significantly lowered when compared with their age-matched normal controls. Yawning 
behavior was not further diminished after an 8-week duration of diabetes meilitus; however, a significant recovery in yawning 
was seen by 20 weeks of diabetes. Yawning in rats after 20 weeks of STZ-induced diabetes meilitus is not significantly 
different from that seen in normal control rats. The results suggest that in STZ-induced diabetes of only 4 weeks duration a 
measurable change in the substrate for yawning has occurred. 

Dopamine Yawning Apomorphine Autoreceptor 

APOMORPHINE (APO), a dopamine (DA) receptor agonist, 
has been shown by us (7-9) and others (5,22) to reliably pro- 
duce bouts of yawning in rats when administered in micro- 
gram quantities. The ability of APO to induce yawning behav- 
ior in rats is said to be a result of its interaction with 
dopaminergic autoreceptors (5,22,20) although some authors 
have questioned the hypothesis of autoreceptor mediation of 
yawning (19). Electrophysiological techniques show that the 
stimulation of dopaminergic autoreceptors reduces the tonic 
firing of neurons (18). Activation of autoreceptors located on 
dopaminergic terminals causes decreased synthesis and release 
of DA from these terminals (4). Low doses of DA or the DA 
agonist APO given parenterally act selectively on midbraln 
DA cell autoreceptors without stimulating postsynaptic DA 
receptors (15,18). Thus, it is felt that the ability of APO to 
induce yawning behavior may provide an index of central DA 
autoreceptor function (5). 

Numerous studies documented alterations in yawning be- 
havior as a result of various pharmacologically induced neuro- 
chemical challenges; for instance, yawning behavior has been 
shown to be affected by such substances as metoclopramide 
(6), haloperidol (5), sulpiride (5), calcium channel blockers 
(2), oxytocin antagonists (3), and several cholinergic antago- 

nists (22). Alterations in yawning behavior as a function of 
disease processes have not been investigated. 

Diabetes mellitus alters many of the central neurotransmit- 
ter mechanisms; however, its effects on the central DA system 
are not well established. DA turnover in the synaptosomes 
prepared from striata and in the limbic forebrain has been 
shown to be decreased in diabetic rats following administra- 
tion of amphetamine or APO (17,21). Peripheral alterations 
have also been shown to occur; both norepinephrine and DA 
were documented to be decreased in the cardiovascular system 
of long-term diabetics at postmortem (14). Thus, evidence is 
sparse outlining alterations in dopaminergic functioning in 
diabetes mellitus; moreover, to the best of our knowledge the 
effects of diabetes upon the central substrate necessary to 
stimulate APO-induc~d yawning behavior have yet to be ex- 
amined. 

The present study examines the effects of short-term (4 
weeks) and long-term (up to 20 weeks) streptozotocin (STZ)- 
induced diabetes mellitus in producing significant alterations 
in dopaminergically mediated yawning behavior. Alterations 
in the expression of yawning behavior are postulated to repre- 
sent alterations in the substrate (neurochemical or other) re- 
sponsible for yawning. 
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METHOD 

Male Wistar rats (230-260 g) were obtained from Charles 
River laboratories Canada Inc. (St. Constant, Quebec). Ani- 
mals were housed in individual stainless steel wire cages with 
a 12 L :  12 D cycle, the dark (waking) cycle commencing at 
1850 h. The ambient room temperature was maintained at 
240C and the relative humidity at 50%. After 1 week of han- 
dling and acclimatization, rats were randomly divided into 
two groups. One group was rendered diabetic with an IP injec- 
tion of STZ (65 mg/kg) dissolved in a saline citrate (0.1 M 
citrate) buffer solution adjusted to pH 7.5. Solution was deliv- 
ered in a volume of  10 ml/kg.  The second group of animals 
received IP injections of  vehicle alone. Free access to standard 
laboratory food and water was provided for both groups on a 
continuing basis. 

Testing for hyperglycemia was conducted 1 week following 
injection of STZ. All rats assigned to the diabetic group were 
found to be hyperglycemic (blood-glucose >25 retool/l) 
through the use of a "Glucoscan" (Model #3000, Lifescan Inc., 
Mountain View, CA) and a tail pick blood sample. 

Experiment 1 

After a 4-week period of STZ-induced diabetes mellitus, 
behavioral observations were initiated on animals. The experi- 
mental population was randomly divided into two groups with 
half the diabetics and half the normals in each group. Each 
group was then tested on alternating nights. 

Rats were transported from the housing facility to the ex- 
perimental room after weighing. After transport, study ani- 
mals were placed one at a time in the observational test cage 
(26 x 18 x 18 cm). At  the end of a 10-min habituation pe- 
riod, each rat was injected with a pseudorandomly chosen, 
preassigned dose of  APO. Apomorphine was dissolved in a 
solution of phosphate-buffered normal saline (pH 7.4) and 
ascorbic acid (0.5 mg/kg). Administrations of APO and vehi- 
cle were given SC in the loose skin on the back of  the neck. 
Each rat received each dose (vehicle, 20, 40, 80, and 120 t~g/ 
kg: 5 ml/kg) only once. Animals were monitored in real time 
by using a videocamera (VK-C 1500, Hitachi Ltd., Tokyo, 
Japan) connected to a monitor (MT-2860, Hitachi) in an adja- 
cent room. The videocamera was placed underneath and to 
the side of  the test cage to obtain the best view of  the animal's 
behavior. Each animal was observed for a 30-min period in 
which the number of  yawns was counted and tabulated by the 
experimenter. A yawn was identified as an apparently involun- 
tary wide opening of  the mouth accompanied by an apparent 
respiratory movement but not associated with functional mas- 
tication. Experimentation began at 1900 h and each rat was 
tested at the same time of  day to minimize variation due to 
circadian rhythm. At the completion of  behavioral observa- 
tions, rats were retested for hyperglycemia. Only those rats 
with blood-glucose levels equal to or exceeding 25 mmol/1 
were included in the data analysis. Experiment 1 results were 
analyzed using a between-groups analysis of  variance (AN- 
OVA) to compare APO-stimulated yawning behavior in nor- 
mal and 4-week-diabetic rats. 

Experiment 2 

Seven rats injected with STZ (from Experiment 1) to pro- 
duce diabetes meUitus were used in Experiment 2. Housing, 
experimental conditions, and hyperglycemic testing were iden- 
tical to Experiment 1 except only four doses of APO (20, 
40, 80, and 120 tzg/kg) were used. Behavioral observations 
originally initiated at 4 weeks of  untreated diabetes were re- 

peated at weeks 8 and 20. Only those rats that endured the 
entire 20 weeks were included in data analyses; again a blood- 
glucose level of  > 25 mmol / l  was the minimum level required 
for animals to be considered diabetic. Results were analyzed 
using a within-groups ANOVA to compare yawning behavior 
during the progression of  STZ-induced diabetes mellitus. 
Number of  yawns in 8- and 20-week-diabetic rats is compared 
with the number of  yawns observed at 4 weeks of diabetes. 

RESULTS 

Apomorphine, in doses sufficient to stimulate presynaptic 
dopaminergic receptors, has a reduced ability to initiate yawn- 
ing in short-term (4 weeks) diabetic rats as compared with 
their age-matched controls. Although injections of APO in 
the range 20-120 #g/kg increased yawning behavior above 
saline control in both normal and diabetic rats, Fig. 1 shows 
that the mean number of yawns is less in STZ-treated rats. 

Yawning behavior was significantly greater in normal rats 
as compared with the diabetic group after 20/~g/kg adminis- 
tration of  APO F(1, 14) = 11.90, p < 0.01, 40/~g/kg, F(1, 
14) = 70.39, p < 0.001, and 80 #g/kg,  F(1, 14) = 7.67, p 
< 0.05, At  120 tzg/kg, the difference in yawning rate failed 
to reach significance. 

In Experiment 2, a within-groups ANOVA revealed no sig- 
nificant differences in yawning behavior between the 4- and 
8-week observational periods at any of the four doses of APO 
tested. Conversely, when rats of 4-week duration of untreated 
diabetes were compared with those of 20-week duration an 
increase in the number of yawns (demonstrating recovery) was 
seen at several doses (Fig. 2). Administration of APO dose 20 
#g/kg produced significantly more, F(1, 6) = 14.06, p < 
0.01, yawns in rats after 20 weeks of  diabetes than those rats 
tested earlier at only 4-week duration of  hyperglycemia. At 
APO dose 40 #g/kg, no significant differences were seen; 
however, at APO dose 80 #g/kg 20-week-diabetic rats again 
yawned significantly more, F(1, 6) = 8.11, p < 0.05, than 
they had 16 weeks earlier at 4 weeks' diabetes meUitus. The 
differences seen at APO dose 120 #g/kg did not reach signifi- 
cance. 

t-tests showed that at any of the APO doses tested yawning 
was not significantly different between normal control rats 
and 20-week-diabetic rats. 
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FIG. 1. Mean yawning behavior ( -~ SE) at each dose of apomorphine 
for normal and 4-week-diabetic rats. 
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FIG. 2. Changes in mean yawning behavior (+ SE) per 30-min obser- 
vation period at each dose of apomorphine as a function of duration 
of diabetes. 

DISCUSSION 

The results show that experimental STZ-induced diabetes 
mellitus of relatively short duration (4 weeks) produces a de- 
creased ability of APO to stimulate yawning behavior in rats. 
As the duration of diabetes progresses, a recovery in the abil- 
ity of APO to induce yawning behavior was observed. Al- 
though animals appeared systemically more sick (diarrhea, 
coat condition, cataracts) as duration of diabetes progressed, 
yawning behavior was increased above the level seen in 4- 
week-diabetic rats and was not significantly different from 
that seen in normal rats at any of the APO doses tested. It 
is possible that as animals adapt to the hyperglycemic state 
alterations in the neurochemical milieu responsible for the 
initially decreased yawning behavior are restored or compen- 
satory physiological mechanisms are then activated. 

Although alterations in yawning behavior in humans have 
been noted in diseases known to affect the DA system, such as 
Parkinson's disease, schizophrenia, and Huntington's chorea 

(1 I), we are not aware of any data suggesting an alternation 
during diabetes mellitus. However, the results of the present 
study show that a malfunction in yawning behavior does occur 
in an animal model of chemically produced diabetes mellitus 
(at least in the short term). The present study clearly identified 
the ability of a pathologic process such as diabetes mellitus to 
alter the necessary milieu responsible for APO-induced yawn- 
ing behavior. 

Although the precise circuitry involved in the production 
of APO-induced yawning has not yet been identified, it is 
clear that yawning behavior seen as a result of APO stimula- 
tion is due to central processes and is not the result of periph- 
eral stimulation. For example, lesions of the paraventricular 
nucleus of the hypothalamus abolish yawning behaviour (1) 
while direct application of APO (13) or oxytocin (12) to the 
paraventricular nucleus stimulate yawning behavior in rats. 
These substances produce no significant effect on yawning 
when injected into the caudate nucleus, preoptic area, or ven- 
tromedial nucleus. In addition, while centrally acting DA 
antagonists such as metoclopramide, sulpiride, and haloper- 
idol diminish yawning behavior domperidone, a peripherally 
acting DA antagonist that does not readily cross the blood- 
brain barrier (10), does not produce any diminution in APO- 
stimulated yawning (16). 

Further experimental work is needed to determine the pre- 
cise pathway(s) and cascade of neurochemical events responsi- 
ble for the induction of dopaminergically mediated yawning. 
However, as the elucidation of the specific mechanisms neces- 
sary for the stimulation of yawning behavior become available 
these may provide significant insight into diabetes mellitus 
and its manifestations as a result of alterations in the CNS. 
An alteration in the neurochemical milieu as a function of 
diabetes mellitus may contribute to the manifestations of the 
disease and an increased focus directed toward the establish- 
ment of these changes occurring within the CNS should be 
carried out. 
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