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CHITKARA, B., M. J. DURCAN AND I. C. CAMPBELL. Apomorphine-induced stereotypy: Function of age and
rearing environment. PHARMACOL BIOCHEM BEHAYV 21(4) 671-673, 1984.—Rats of different age groups (“‘young'’ vs.
*“*old™), reared in isolation and social groups were tested for differences in apomorphine-induced stereotypy. Sensitivity to
apomorphine (2 mg/kg SC) was found to be a function of an interaction between rearing environment and age. The
“‘younger’' isolated animals displayed greater stereotypy than group-reared and *‘older’ isolated animals, Rearing en-
vironment and age, as main factors, did not have significant influence on drug-induced stereotypy.
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STUDIES on the effect of early experiences in laboratory
animals have consistently found that rearing in social isola-
tion and restricted environment can produce behavioural
changes in adults such as heightened emotionality, hyperac-
tivity, poor social interaction and increased stereotypy [2,
12, 18]. It has also been suggested that social isolation affects
central neurotransmitter monoamines at crucial stages of de-
velopment [13,19]. Isolation has been reported to increase
the concentration of brain noradrenaline (NA) and to de-
crease its turnover and synthesis [23,24]. Furthermore,
lower dopamine turnover has been implicated in the limbic
areas of isolated rats [17,24].

Apomorphine is believed to stimulate directly dopamine
receptors in the CNS, and thus apomorphine-induced
stereotypy is used as a behavioural measure of central
dopaminergic function [9). Numerous factors have been re-
ported to affect apomorphine-induced stereotypy, such as
species or strain [7,14]; site of injection [11]; temporal fac-
tors such as chronic vs. acute administration [3]; novel con-
texts and events [8]; age [5,16]; and stress [1].

The authors are not aware of any study that has investi-
gated the sensitivity to apomorphine in rats as a combined
function of age and differential social rearing conditions.
Previous studies have examined dopaminergic sensitivity
either as a function of age or as a function of rearing en-
vironments. Carlsson and Almasi [5] observed apo-
morphine-induced stereotypy (0.1, 0.2 and 0.4 mg/kg) in
4 to 10 weeks old, social reared male guinea pigs and found
that stereotypy was more intense and persisted longer in the
older groups. Sahakian et al. [15] reported more enhanced
stereotyped behaviour in socially deprived rats than the con-
trols at both 0.5 and 1.5 mg/kg apomorphine, [P, Davenport
et al. [6] observed stereotypy induced by severely restricted

671

environments in chimpanzees from birth to 40 months of age
and found that the phenomena of stereotypy was unique to
the isolated infants. In view of the above-mentioned litera-
ture, we have examined apomorphine-induced stereotypy in
rats as a combined function of age and different rearing en-
vironments.

METHOD

Forty-eight adult male rats from arandomly bred strain were
equally divided into 4 experimental groups according to age
(“*young’’ vs. *‘old’’) and social rearing condition (individu-
ally housed vs. group reared). The ‘‘younger’’ groups were
aged 26 weeks (182+2 days) and the “‘older’” groups 32
weeks (224+2 days) respectively. The individually reared
animals were isolated at weaning (25 days) and housed one
rat per cage (25.4x22.7x21.5 ¢m). Control animals were
housed in groups of three per cage of the same size. All
animals were maintained at constant temperature (22+:2°C)
and humidity (55+£5%) in 17-7 hr light-dark cycle with free
access to food and water.

The apparatus consisted of 6 Plexiglas circular boxes,
45,7 cm high with aluminum lids and grid floors measuring 28
cm in diameter. Each rat was rated for the degree of
stereotypy on a scale of 0 to 5 (modified from that used by
Creese and Iversen [4]). The ratings used were as follows:
O=absence of stereotyped behaviour, 1=discontinuous
sniffing and exploratory behaviour, 2=continuous sniffing
and exploratory behaviour, 3=continuous sniffing, discon-
tinuous licking or mouthing with or without exploratory activ-
ity, 4=continuous sniffing, licking or mouthing, discontinuous
gnawing with or without exploratory activity, and
5=continuous gnawing, biting and licking, no exploratory ac-
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TABLE 1

SUMMARY OF ANOVA STEREOTYPY-RATING SCORES OF THE
FOUR TREATMENT GROUPS, ISOLATED YOUNG, ISOLATED OLD,
CONTROL YOUNG, AND CONTROL OLD

Level of
Source of Variance df F Ratio Significance
Between Subjects
Housing 1/44 0.3304 NS
Age 1/44 2.7446 0.10
Housing x Age 1/44 4.2535 0.04*
Within Subjects
Linear 4/41 10.8362 0.0027
Quadratic 4/41 12.0084 0.001%
Housing 4/41 0.5388 NS
Linear 4/41 0.0683 NS
Quadratic 4/41 0.0996 NS
Age 4/41 0.4736 NS
Linear 4/41 0.0027 NS
Quadratic 4/41 0.0517 NS
Housing X Age 4/41 0.5472 NS
Linear 4/41 0.0027 NS
Quadratic 4/41 1.2087 NS

*Significant at <0.05 level.
T8Significant at «<0.01 level.
NS=Not significant,

tivity. The stereotypy ratings were made by two observers on a
blind basis between 12.00 to 17.00 hr.

Testing was carried out with groups of 6 rats per session
for a period of 60 min. Each rat was weighed and injected
with apomorphine (2 mg/kg SC right flank) at 1 min intervals
and placed in the circular box. Ten minutes after drug admin-
istration each rat was rated for a 60 sec interval every 10
min for a period of 1 hr. While the use of nonparametric
statistics for the analysis of the stereotypy rating data was
more appropriate we used analysis of variance on repeated
measures as this permits the determination of time course
effects.

RESULTS

ANOVA revealed that neither rearing environment nor
age as the main factor influenced apomorphine-induced
stereotypy (Table 1). However, a significant interaction ef-
fect of Rearing Environment X Age was found on
apomorphine-induced stereotypy, F(1,44)=4.2535, p<0.04.
The ‘‘younger”’ isolated animals showed greater sensitivity to
apomorphine throughout the testing phase (Fig. 1) compared
to the control groups which had intermediate stereotypy
scores and the “older’” isolated group showed the least sen-
sitivity.

Trend analysis on rating scores across five periods
yielded significant linear, F(4,41)=10.8362, p<0.001, trends
of stereotypy. Stereotypy was found to consistently increase
until Period 4, reaching its peak 40 min after drug adminis-
tration, and decreasing thereafter, The inter-rater reliability
coefficient was 0.97.
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FIG. 1. Mean stereotypy scores of socially isolated rats and controls
of two age groups across five periods of 10 min each.

DISCUSSION

The study indicates that sensitivity to apomorphine (2
mg/kg, SC) in rats is a function of an interaction between
differential rearing environment and age. The *‘younger’’
isolated rats were more sensitive to apomorphine and dis-
played greater stereotypy than both age groups of socially
reared rats, and the ‘‘old” isolates had minimal stereotypy.
To our knowledge, this is the first study to examine the
miltiplicative effect of age and different social rearing condi-
tions on sensitivity to apomorphine in rats. Neither rearing
environment nor age, as the main factor, had a significant
influence on drug-induced stereotypy at dose level of 2
mg/kg, SC in rats.

Contrary to Sahakian ez al. [15] we did not find significant
primary effect of different rearing environments on
stereotypy. There were methodological differences between
the two studies in that Sahakian er a/. used lower doses (0.5,
1.0 and 1.5 mg/kg) of apomorphine on female hooded rats
without clear age specification. Although differential en-
vironments are known to alter cerebral measures signifi-
cantly in both young and old animals, it has been suggested
recently that the magnitude of certain effects may decline as
a result of maturation [10, 20]. Our results confirm this view,
suggesting that the influence of rearing environments is more
conspicuous in the relatively ‘‘younger’” animals. These re-
sults do not reflect differences in pharmacokipetics of
apomorphine because the ‘‘older” animals would be ex-
pected to show greater drug-induced stereotypy.

In the present study, age did not significantly influence
stereotypy in rats. This is in contrast to earlier reports which
suggest that apomorphine-induced stereotypy is more in-
tense and persists longer in ‘‘older’’ rodents compared to
their ‘‘younger’’ counterparts [5, 16. 21, 22]. The discrep-
ancy between our findings and earlier studies may be due to:
(a) different duration of isolation, e.g., the present study used
prolonged period of over 155 days of isolation; (b) use of
different rating scales, and (c) different criterion of age groups,
e.g., the present sample used relatively ““‘older’ animals with
small between age-group difference.

Duration of the observation period may have a significant
influence on the experimenter’s observations of age-
related apomorphine-induced stereotypy. Watanabe et al.
[22] observed apomorphine-induced (3 mgkg, SC)



APOMORPHINE-INDUCED STEREQOTYPY

stereotypy for 2.5 hr and found that the ‘“‘older’’ rats (34
weeks) had lower stereotypy at earlier stages of the observa-
tion period, and the onset of biting was slow and of longer
duration. Our findings revealed a gradual decline in
stereotypy scores after 40 min for all age groups, thereby
justifying our choice for one 1 hr observation period.

In summary, apomorphine-induced stereotypy in rats was
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found to be a function of an interaction between age and
different rearing environments. The ‘‘younger” isolated
animals showed greater sensitivity to apomorphine than
“‘older’” isolated animals and controls. Perhaps further
studies should investigate several doses and monitor indi-
vidual items of behaviour in groups of animals with larger
age difference.
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