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Summary

Twenty-four male wister rats were reared from weaning either alone
(isolation reared) or in groups of five (socially reared) for 6 weeks. Thereafter,
the present study examined and compared the behaviour of isolation and
socially reared rats in the test of social interaction, in the elevated plus-maze
test of anxiety, in the open field behavior of exploration and locomotion
activity, and the depressive behaviour in forced swim test. Under high light
in unfamiliar conditions isolation reared rats spent significantly more time
in aggressive interactions (P<O.05) and high levels of aggressive behaviour
compared to the socially reared rats (P<O.05).Isolation reared rats had spent
less time in the open arms than the socially reared rats in the maze test
(P<O.05). Isolation reared rats were more exploratory than the socially
reared rats in the open field test and the defaecation scores were less
compared to the socially reared controls (P<O.05). Isolated rats spent less
time immobile on the rats' forced swim test behaviour but the difference was
not statistically significant. These findings suggest that isolation reared rats
are nervous, aggressive and hyperactive animals in a novel field. It appears
that isolation rearing in the early stages of life has modified a variety of
behaviour in the adult rats, and the investigation of the pattern of
behavioural changes in isolation reared rats may help to explore the
environmental influences on the development of human psychopathology.

Introduction

Rats reared in a restricted environment

develop a limited behavioural repertoire,
which is characterized by a generalized
tendency to over respond, a propensity
towards persevering in repetitious patterns
of limited and circumscribed responding,
and a failure to habituate to repeated contact
with novel stimuli.! Rats reared in isolation

from weaning are excessively responding to
human handling,2 and abnormally reluctant

to enter a novel field.3Early environmental
influences affect the aggressive behaviour of
the adult rats.4 Isolation rearing modifies
anxiogenicprofile intheelevatedplus-maze,5
and produces aggressive behaviour,6 and
increased locomotion activity in novel
surroundings.7Rearing conditions influence
the monoamine levels in the brain.! There is

considerable evidence that serotonergic
functions may be reduced in brains of

d~pressed patients.8
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Popova andPetkob suggested thataggressive
behaviour inisolationreared ratsisconnected

with decreased activity of brain 5-hydroxy-
tryptamine (5HT) receptors.6Rats reared in
isolation from early post-weaning showed
marked behavioural alteration from socially
reared rats.9 Investigation of the pattern of
behavioural change in isolation reared rats
may help to understand the aetiology of
human anxiety disorders.4

The aims of the present study were to
investigate the effects of isolation rearing in
rats on social interaction, open field
behaviour,anxietyprofile,and thedepressive
state. This may help to explore the influence
of the stressful social factors on the

development of psychopathology in human
being.

Materials and methods
Animals

Twenty-four male wister rats, weighing 200-
250 g were obtained at weaning (21 days post

natal). They were randomly distributed into
two groups and were housed either in groups

of five per cage (socially reared rats) or
singly (isolation reared rats). Both groups
had food and water available ad libitum and
were housed within the same room for 6

weeks before test. A constant dark -light cycle

(on 06:00 hr, off 20:00 hr) was maintained in
the animal house, and temperature controlled

at 35°C. Minimum handling of animals was
done. They were neither treated with vehicle
nor with drug.

Behavioural test
The behavioural tests were carried out in a

dimly lit room which was maintained at
about 25°C. The tests were done between
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11:OOamand 5:OOpm.The animal behaviour
was recorded using a video camera and data
on different behavioral responses were
recorded by replaying the videos.

A. Plus-maze test: In this test placing the
animal on an elevated open arm of the maze
generated anxiety. The elevated plus-maze
uses conflict between exploration and
aversion to open elevated places.lODuring
the 5-minute test the number of entries into

each type of arms and the time spent in each
arm were scored. In addition to the total

number of entries into the arms, the number
of entries into the open arms expressed as
percentageof total entries,and thepercentage
of the time spent in both the open and closed
arms were measured. These two measures

were used as indices of anxiety.

B. Social interaction test: The social

interaction test was performed in a circular
open field arena under high light (500 lux)
andunfamiliarconditions.Ineachexperiment
a pair of isolation reared rats and a pair of
socially reared rats (from different cages)
were used for 10 minutes.4 The following
behaviours were scored:

1. Active social interaction (sniffing,
following, genital investigation).

2. Aggressive behaviour (biting, boxing
and kicking).

3. Avoiding behaviour (climbing over or
crawling under.

4. Time spent in active social interaction
and aggressive behaviour.

C. Open field behaviour (locomotor activity):

This test was performed in a circular open

field arena. In this test a rat was placed in the
centre of the arena and allowed to move for
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5 minutes. The observer measured the

locomotion activity (number of entry into
each quadrant/5 minutes) and the number of
faecal bole passed during the test.

D. Forced swim test (measurement of
depressive state): The swim test is an animal
model of depressionY The duration of
immobility and struggling were measured
the 5-minute test. The rat was judged to be
immobilewhenitremainedfloatingpassively
in the water in a slightly hunched but upright
position with its head just above the water.
Struggling was defined as the state when the
animal swam vigorously so that all four
limbs were moving and the two front limbs
were breaking through the surfaceof water.12

Data were expressed as mean:tSEM. Data
were analyzed using student's unpaired t-
test.

Results

Social interaction test: Isolation reared rats

had spent 84.67:t5.04 seconds and socially
reared rats 43.67:t7.42 seconds in aggressive

interaction. The difference was significant
(P<O.05) (Fig. 1). Isolation reared rats showed
high levels of aggressive behaviour (kicking)
compared to that shown by socially reared
rats (P<O.05) (Fig. 2). Behaviour scored
during active social interaction and avoidance

behaviour did not differ significantI ybetween
these two groups.

Elevated plus-maze test: The proportion of

time spent at the open arm in the plus maze
was lower in the isolation reared rats than in

the socially rearea rats (P<O.05)(Fig. 3). The
total numberof armentries andtheproportion
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of entries into the open arms did not differ

between the two groups (Table-I).
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Fig. I: Effects of social and isolation rearing

conditions on the duration of aggressive interactions
during lO-minute social interaction test under high
light unfamiliar conditions. Data are expressed as
mean (n=6 pairs of rats/group).
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Fig. 2: Effects of social and isolation rearing
conditions on the aggressive behaviour (kicking) of
rats during 10-minute social interaction test under

high light unfamiliar conditions. Data are expressed
as mean (n=6 pairs of rats/group).

Fig. 3: Effects of social and isolation rearing
conditions on rat elevated plus-maze behaviour. Data
are expressed as mean (n=6 pairs of rats/group).
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Table-I: Effects of social and isolation rearing
conditions on rat elevated plus maze
behavior

Data represent meanz SEM (n=12 rats/group).

Rearing % Open/Total Total line
Condition Entries crosses

Social
Isolation

XzSEM
22.7h4.54
14.86z4.67

XzSE M
13.5z2.3
1O.25z1.53

Open field behaviour test: Isolation reared
rats scored 48.35::!:3.45entries and socially
reared rats 45.5::!:2.27entries during the 5-
minute test for locomotor activity (Fig. 4).
The isolated rats scored higher locomotor
activitybut the differencewas not significant.
The number of faecal boli passed in case of
isolated group was 1.08:!:0.48and that of
socially reared rats was 4.08:!:1.02(Fig. 5).
The result was significant (p<O.05).
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Fig. 4: Effects of social and isolation rearing
conditions on the ratopenfield behaviour: total entries
during the 5-minute test. Data are expressed as mean
(n=6 pairs of rats/group).
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Fig. 5: Effects of social and isolation rearing
conditions on the rat open field behaviour: number of
faecal boli passed during the 5-minute test. Data are
expressed as mean (n=6 pairs of rats/group).
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Forced swim test: Isolation reared rats had

spent less time immobile but the difference
was not significant (Table-II).

Table-II: Effects of social and isolation rearing
conditions on the rats' forced swim
test behavior.

Data are expressed as mean:!:SEMof 12 rats/
group.

Rearing Social Isolation

Immobility time

Struggling time

XzSEM

122.8h11.25

133.92 z 6.55

XzSEM

96.83z 9.97

132.42z5.57

Discussion

In 1963, Hatch and colleagues13 reported
that isolation reared rat is a nervous,
aggr.essive,intractable animal. This report is
confirmed by the present study which
demonstrated that isolation reared rats tested

under high light intensity, in an unfamiliar
arena showed significantly higher levels of
aggressiveinteraction (Fig.2) and spentmore
time in aggressive interaction in comparison
to the socially reared rats (Fig.1). The
isolation rats compared to the social rats
showed significantly higher level of social
interaction manifested as increases in

aggressive behaviours.4 And the results of
this study prove the idea that early
environmental influences affect the

aggressive behaviour of the adult rat.

The study also demonstrated that isolation
reared rats were more nervous compared
to the socially reared rats in the maze test.
They had spent less time in open arms
(Fig 3).
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Rats reared in isolation showed the marked

alteration inbehavioural responses to anovel
open field, compared with that of socially
housed controls (Fig 4) Isolation reared rats
defaecated less compared to the socially
reared rats in the locomotor test (open field
behaviour) (Fig 5). Isolation reared rats
spent less time immobile on the rats' forced
swim test behaviour but the result was not

significant(Table-II). Marsdenet.alobserved
that isolation reared rats spent significantly
more time and covered a greater distance in
the inner zone of the arena than the socially
reared rats and they had also observed that
isolation reared rats had a higher number of
rears than the socially housed rats and
defecated on significantly fewer occasions
whilst in the areanaY Isolation reared

rats exhibit locomotor hyperactivity.14

Isolates have a reduced presynapticneuronal
release of 5-HT in the frontal cortex15and a

compensatory post-synaptic supersensitivity
to 5-HTZAand receptor agonists.16Changes
in serotonergic neuronal function could
contribute to the anxiogenic profile of
isolation reared rats.4

In this behavioural study the results
demonstrate that isolation reared rats spent
more timein aggressivebehavior, the isolates
are fearful in the maze test but they are more
exploratory in the open field behaviour.
Social isolation in the early stages of life has
been shown to modify human social
behaviour in later life. It has been observed

that isolated humans are quite anxious,
irritable, hyperactive and frequently suffer
from mood swings.

It can be concluded that isolation reared

rats may be a model for better understanding
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of the mechanisms by which social factors
influence the development of psychopatho-
logy in human being.
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