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ABSTRACT

Social 1solation of laboratory rat which Is usually referred fto as isolation syn-
drome' has been shown to affect corticosterone levels, metabolism, growth, and beha-
viour. It is not however known whether housing rats singly in close proximity to so-
cial groups such as in cages with elevated lids that allow visual, auditory and
olfactory communication improves their welfare. The alm of this experiment was to
Investigate how housing of single rats in cages with elevated lids in close proximity to
group-housed rats might affect their behaviour, performance and measures of anxie-
ty. 18 rats were housed either singly (SH) (N= 3) or soclally in groups of five (GH)
{N=3} in standard laboratory cages with elevated lids (21 cm height) permitting visu-
al, auditory and olfactory communication for six weeks. The results showed that
housing rats singly In cages permitting some degree of social communication ap-
peared to remove social pressure of group housing and o hnprove the welfare of
these animals. SH rats showed higher levels of sleep and self-grooming behaviour
and were more frequently observed in the open part of the cage as compared to GH
rats. SH rats had also lower adrenal gland weight and higher thymus and spleen
welght, and entered the open arms of the elevated plus maze more frequently com-
pared to GH rats. It could be concluded that, through making small changes in the
procedures and housing environments, the welfare of singly-housed rats can be im-
proved.

EKey words: Laboratory Rats, Single Housing, Group housing, Communication,
Welfare.
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INTRODUCTION

Isolating an animal refers to the situation
where the animal is physically fully demarcat-
ed from conspecifics without physical, visual,
olfactory and auditory contact (e.g. Krohn et
al., 2006). Animals housed in separate cages
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In the same room are, although deprived of
physical and visual contact, still in olfactory
and auditory contact, and thus not totally iso-
lated. During the fiftles and sixties several
studies claimed to show physiological and be-
havioural differences between individually
and group housed rats. The so-called Tsola-
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tion Syndrome' characterised by changes in
corticosterone levels, metabolism, growth, and
behaviour was Introduced, rather as a model
for psychoneurosis than through any concern
for animal welfare. It is often stated as com-
mon knowledge in laboratory animal science
text books that individual housing as well as
isolation of rats has an effect on physiology
and behaviour. It is however, unclear whether
this effect actually impairs welfare of singly-
housed animals.

Singly-housed rats have been shown to de-
velop ‘odd’ behaviours such as bar biting and
tail chasing (Baenninger, 1967; Hurst et al.,
1888), eat more (Levitsky, 1870), put on less
weight (Hatch et al., 1968), be more aggres-
sive (Patierson-Kane et al., 2002), have
heavier adrenal glands (Sandatrom and Hart,
2005) and under-perform in cognitive tests
(Patterson-Eane et al., 1999) relative to so-
clally housed conspecifics. As a consequence
of these findings, many major animal science
regulatory bodies (for example, UK Home Of-
fice) strongly discourage single housing of ro-
dents in animal research. Single housing is
still used worldwide for logistical and ethical
reasons, for example, to reduce the number of
animals used, to avold pseudoreplication, fol-
lowing surgery, or paradoxically to remove so-
cial stress (Nyska et al., 2002; Verwer et al.,
2007).

However, despite the widespread belief that
single housing impairs welfare, single housing
does not consistently evoke greater stress hor-
mone responses (Morinan and Leonard,
1880) or result in heavier adrenal gland
weights than does social housing (Baldwin et
al.,, 1985). Furthermore, singly-housed rats
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are not always cognitively impaired (Wongwit-
decha and Marsden, 1996) nor do they al-
ways eat and weigh more than socially
housed conspecifics (Baldwin et al., 1985).

One explanation for these conflicting find-
ings is that single housing effects vary de-
pending on the severity of the isolation
(Erohn et al.,, 2008). For example, single-
housed rats spend more time investigating a
barrier between neighbours the more that
barrier allows social contact (Hurst et al.,
1997, 1998). Although ‘isolation’ is frequently
used in paper titles, it almost always means
individual housing, i.e. social physical isola-
ton. So, it is tmpossible to compare the ef-
fects from isclation (that comprises depriva-
Hon of the subject animal from
communication with other animals) with the
effects of individual housing (that allows the
subject animal a certain degree of communi-
cation with other animals) to reveal any differ-
ences between the two housing types.

Also, differences in cage sizes could play a
significant role in changing behaviour, physi-
ology and organ weights (McGlone et al.,
2001; van Loo et al, 2001). Cage sizes
seemed to be selected rather randomly. Indi-
vidually-housed rats were caged with a floor
area ranging from 286 cm? to 1353 cm2,
while group-housed rats had floor areas from
930 cm? to 5625 cm? and stocking densities
from 183 cm2 to 948 cm?2 per animal (e.g.
Baenninger, 1867; Hatch et al., 1983,
1966). In a very few studies the same cage
sizes were used for individually and group-
housed animals, and in only one study the
same stocking density was used for both
{Takemoto et al., 1978). Whether or not the
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different cage sizes may have had an influ-
ence on the results is unclear, but some of
the discrepancies found may have been
caused by different cage sizes as opposed to
different housings conditions.

The differences in results of experiments
on singly and group-housed animals could be
due to the effect of animal sex (Bartolomucci
et al., 2008). Females housed singly in cages
separated by a wire mesh were found to
spend significantly more time close to the
companion animal than males {Krohn et al.,
20086). Finally, different strains are known to
react differently in behavioural and physiolog-
ical tests (Cunliffe-Beamer et al.,, 1881;
Dahlborn et al., 1998). Some strains may be
very sensitive to individual housing, whereas
others are unaffected (Vadiei et al., 1990).
Even rats of the same strain, but from differ-
ent breeders show differences in behavioural
and clinical chemistry (File and Vellucel,
1879). Therefore, comparison of resulis from
different studies on different strains is diffi-
culit.

This experiment was carried out to study
the overall long-term effects of housing labor-
atory rats singly in cages with elevated lids
that allow some degree of visual, olfactory and
auditory communication with other rats in
the same room, as a method of indirect social
enrichment, on the behaviour, body weight
and weight gain, weight of internal organs
and measures of anxiety in these animals. It
could be hypothesized that if visual, olfactory
and auditory communication between neigh-
bouring rats is allowed, it is possible that sin-
gle-housing of rats would become less stress-
ful than previously considered.
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MATERIALS AND METHODS

Animals

This experiment was carried out in the De-
partment of Animal Husbandry, Faculty of
Veterinary Medicine, Mansoura University, in
the period from December to January, 2009,
The experiment was conducted in a standard-
ized laboratory animal room. The room was
maintained under a 12:12 h light:dark sched-
ule with the white light on between 0100 and
1300 and continuous dim red light (two 60
Watt bulbs, Serma Electrical, Egypt) enabling
observation during the dark period, at a con-
stant temperature (20£2°C).

The experiment was carried out using one
batch of 18 rats in which each experimental
treatment (see later) was replicated three
times. The subject animals were newly
weaned male rats, 35- 50 g weight at arrival,
of the Wistar (outbred) strain (Al-Alamia, El-
Gharbia, Egypt}. The rats were four weeks of
age on arrival and were fed on pelleted food
and tap watered ad-libitum.

All cages were supplied with sawdust as
bedding material and were cleaned once a
week in which rats were removed and re-
housed in clean cages with new bedding ma-
terlal. Cages were arranged on an elevated
metal rack to allow clear observation.

Experimental treatments

Rats were arbitrarily assigned to one of the
following two experimental treatments:

1) “Single housing™ (SH) : Rats were
housed singly in standard cages (48cm length
x 30cm width) with elevated cage lids (21cm

height).
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2) “Group housing” (GH) : Rats were
housed in groups of five in standard cages (48
cm length x 33 em width) with elevated cage
lids (21 em height).

All rats were introduced to their particular
experimental treatments at four weeks of age
and were kept under the same housing condi-
tion until they were ten weeks old; the age at
which data collection was stopped and the an-
imals were euthanised.

Behavioural assessment

Ethogram

In order to let the rats habituated to the
presence of the observer, the observer entered
the experimental room 10 minutes before the
observation started (e.g, Hurat et al., 1999).
Observation was carried out every week In
two sessions per day (representing one cbser-
vation week) for the two housing conditions.
The first session took place during the light
phase (white light was on); starting at 1100 hr
and ending at 1200 hr. The second session
was carried out while the white light was off
(during the dark phase); starting at 1400 hr
and ending at 1500 hr,

Behaviour of the rats in each of the six cag-
es was recorded in real time using instantane-
ous sampling method with 10-s intervals be-
tween each consecutive focal animal (a single
rat in the SH conditions and five rats in the
GH conditions). Each sample interval was
prompted by an audio cue via headphones,
and the behaviour recorded onto a check
sheet. Each session therefore yielded 20
scans per rat. This meant a total of 40 scans
per rat per day (observation week), and a total
of 200 scans per rat over the entire experi-
mental period. The behaviour of each individ-
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ual rat was sampled and its position within
the cage (underneath food hopper or in the
open part of the cage) was also recorded
(Abou-Ismail et al., 2010).

Fear and anxiety measurements (emo-
tional behaviours)

At the sixth week and after behavioural ob-
servations were finished, a 5-min elevated
plus-maze (EPM) test was conducted for each
animal of the two experimental treatments,
The elevated plus maze is a rodent model of
anxiety that is used as a screening test for
putative anxolytic and anxiogenic com-
pounds (Pellow et al., 1985) and as a general
research tool in neurobiology to assess the
level of anxdety (Rodgers, 1897). The model is
based on rodents' aversion of open spaces
{Treit et al., 1993). This aversion leads to the
behaviour termed thigmotaxis, which involves
avoidance of open areas by confining move-
ments to enclosed spaces or to the edges of a
bounded space (Carobrez and Bertoglio,
2005). In EPM this is based on the natural
conflict between the tendency of the animal to
explore a novel environment and the aversive
properties of a brightly lit open arca (Menza-
ght et al., 1996). The elevated plus-maze was
constructed of wood with two open arms and
two closed arms of the same the size (50cm x
15cm) and with 50cm high wall. The maze
was arranged in a manner such that arms of
the same type were opposite to each other,
connected by a central area (15em x 15cm),
and the entire maze was elevated to a height
of 50cm above the floor. In order to keep the
rats from falling over, the open arms were
surrounded by a 0.5cm high edge. The rats
were placed individually in the center of the
maze facing an open arm. Subject behavi-
ours were recorded by a video camera for
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5 minutes (Pellow et al., 1885). The total
number of entries to open and closed arms
and the time spent in the open and closed
arms was recorded. An arm entry was defined
as an animal entering the arm with all four
feet.

Weight changes and weight of internal
organs :

Throughout the six week experimental pe-
riod rats were weighed weekly. Rats were
picked from their cage and weighed using
equilibrated scales (Sartorius, AG, Gottingen,
Germany). At the end of the 6th week of the
housing period rats were euthanised by cervi-
cal dislocation. Immediately after euthanasia
the weight (in g) of each individual rat was re-
corded using a digital scale (Qertling, OB033,
UK). Each rat was then dissected and selected
internal organs, including the thymus gland,
spleen and adrenal glands were removed and
stored on ice in sterile balanced salt solution.
They were subsequently dried, trimmed and

weighed (in g).

Statistical analyses

Behavioural and weight changes data

SPSS version 16.0 was used for all statisti-
cal analyses. Average % scan for each behavi-
oural pattern was calculated by dividing the
total number of the activity by the total num-
ber of scans and the resultant value was mul-
tiplied by 100. Data of the rats of the GH con-
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ditions were averaged to be comparable to
those of the rats of the SH conditions. A Gen-
eral linear mode]l (GLM}-repeated measures
was used to test for the main effect of experi-
mental treatments on the observed behaviou-
ral variables because the data were collected
from the same subject at different times (ses-
sions and observation weeks). The relative
weight gain (%) was determined by dividing
the value of the absoclute weight gain by the
value of the body weight in the previous week,
and then the resultant figure was multiplied
by 100. All data are presented as estimated
marginal means (EMM) + SE.

Elevated plus maze and weight of inter-
nal organ data

Relative durations of time spent in open
{open/total x 100) and closed arms (closed/
total x 100) were determined for each experi-
mental treatment. Relative frequencies of
entries into open (eniries to open arms/
total arm entries x 100) and closed (entries
to closed arms/total arm entries x 100)
arms, were also recorded for each experi-
mental treatment. The organ weights were
expressed as a ratio of the body weight (rela-
tive weight for each organ). Differences be-
tween the rats of the two experimental treat-
ments in behaviours of the EPM test, final
body weight and the relative weight of inter-
nal organs were tested using an independent
t-test.
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Fable 1- Ethogram for behavioural elements recorded (Hurst et al., 1999; Meddis, 1975).

Behavioural category | Behavioural component | Description
A- General activities: 1-Feeding Eating food from food hopper.
2- Drinking Drinking water from waterspouts.
3- Non-intake Self-grooming and pandiculation
maintenance (body care (stretching and yawning).
behaviours)
4- Movement Locomotion in the cage.
5- Exploratory Sniffing cage wall, cage top and cage
behaviour floor.
6- Air-out Sniffing air outside the cage.
7~ Air-in Sniffing air inside the cage,
8- Bedding-directed Digging, sniffing bedding, bedding
behaviours manipulation (pushing bedding
material forwards or backwards with
nose, forepaws or hind legs) and
burrowing.
B- Sleep: 1- Sleep Lying unalert with both eyes closed-
apparently asleep.
C- Abnormal 1- Tail chasing Chasing of own tail in circles.
behaviour:
2- Bar biting Chewing at any part of the cage bars.
1- Awake non-active Stationary.

D- Other behaviour:

2- Agonistic and social
interaction

Upright, aggressive over (pinning
cage mate on its back), aggressive
groom, biting, chase, mounting, pull
tail and allogrooming, and social
sniffing (collected for GH conditions
only).

3-Outof sight

Behaviour of the rat cannot be
observed.

E- Position in the
cage:

1- Underneath-hopper

When the whole body of the rat,
excluding its tail, is entirely
undernezth the food hopper or
waterspouts at the moment of the
scan,

2; In-the-cage

‘When the whole body of the rat,
excluding its tail, is entirely in the open
part of the cage.
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RESULTS

Behaviour

Main effects of experimental treatment

There was a significant effect to the experi-
mental treatments on the position of the rats
in the cage. Rats of the SH condition were
more frequently seen in-the-cage than rats of
the GH condition (F} g= 82.81, P<0.001). In
contrary, rats of the GH condition were more
frequently seen under-hopper than rats of
the SH condition (F g= 82.81, P<0.001), (Fig-
ure 1). Similarly, rats of the GH condition
showed higher levels of feeding (Fyg =
119.58, P<0.001) and movement (F;g =
89.29, P<0.001) than those of the SH condi-

tion (Figure 2).

Interactions

Housing condition®obsaervation week

Rats of the GH condition drank more
(F4,04= 5.994, P<0.05) and self-groomed less
(Fq,94= 8.585, P<0.01) than those in the SH
condition in the 4th observation week (Figure
3). Rats of the GH condition showed higher
levels of exploration in the 3'd observation
week (F4 24= 8.539, P< 0.05) (Figure 4), and
bedding-directed behaviour (F4 o4= 9.16, P<
0.001) in both 224 and 4th observation weeks
as compared to those in the SH condition
(Figure 5). On contrary, rats of the SH condi-
tion slept more than those in the GH condi-
tion in the 204, 3rd and 5B ghservation weeks
(F4 04= 7.47, P<0.001) (Figure 6).

Housing condition*observation session

Rats of the GH condition drank more
(F1,6= 14.93, P<0.01) and were observed to be
less stationary (F; g= 22.73, P<0.01) than rats
of the SH condition in the dark phase (Fig-
ure 7).
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Elevated plus maze:

Housing rats in SH versus GH conditions
had a significant effect on the relative closed
arm entry (tjg= -2.86, P<0.05) (Figure 8).
Whereas, there was no significant effect to the
experimental treatments on the other meas-
ures of anxiety including relative open arm
entry (t,g= 1.80, NS), relative time spent in
open arms (sec) (tjg= 1.63, NS) and relative
time spent In closed arms (sec) {tjg = -1.63,
NS).

Weight changes and weight of internal
organs:

There was no significant effect to the exper-
imental treatments on the body weight of the
rats (F; g= 75.33, NS). There was however a
significant effect to the experimental treat-
ments on the relative weight of internal or-
gans. Rats of the SH condition had lighter ad-
renal glands (F; g= 1.42, P< 0.01) but heavier
spleen (F; g= 4.34, P< 0.001) and thymus
(Fy 6= 7.16, P< 0.01) than those of the GH
condition (Figure 9).

DISCUSSION

Behaviour :

The results demonstrate clear differences
between rats in the different experimental
treatments. Rats of the SH condition dis-
played higher levels of sleep, self-grooming ac-
tivity and awake non-active behavigur, and
lower levels of intake maintenance behaviours
(feeding and drinking), movement activities,
exploration and bedding-directed behaviours
as compared to rats of the GH conditions.
Moreover, rats of the SH conditicns were
found to be in-the-cage (in the open part of
the cage) more frequently and under hopper
less frequently as compared to rats of the GH
conditions.
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An explanation for why GH rats fed and
drank more than SH rats could be the in-
crease of their activity levels such as move-
ment and exploration but also their soclal in-
teraction (both aggressive and
aggressive}. Whereas, the increase in the level
of bedding-directed behaviour by the GH rats
could be explained as an attempt to escape.
Soclal housing of laboratory rats in standard
laboratory cages has been shown to cause so-
clal stress and to increase specific form of be-
haviours termed as 'escape-related' (Hurst et
al., 1999). Although chronic stress (crowding
stress) has been shown to have an anorexic
affect (reduces food and water intake) (Gémez
et al., 1996), it has been stated that the in-
crease in water intake, such as polydipsia (ex-
cessive water drinking) may appear as an ab-
normal behaviour, as a sign of stress, due to
chronic confinement (Fraser and Broom,
1887). On the other hand, SH rats may have
performed bedding-directed behaviours less
because they spent more time performing oth-
er behaviours such as sleep and self-
grooming,

‘nox-

Rats and mice are energy consumers, as
the animals change their food consumption to
keep the weight if required (Adolph, 1947).
Higher food consumption may be expected in
individually housed animals due to the in-
crease in space and the lack of heating from
cage mates. However, one study found no dif-
ferences in food consumption in rats (Szenasi
et al., 1988) housed individually, while an-
other study found a decreased food consump-
tion {O'Connor and Eikelboom, 2000) and
yet two more studies found an increased food
consumption {Brown and Grunberg 1996;
Pérex et al.,, 1997) in individually housed
rats. It is therefore difficult to draw clear con-
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clusions about whether Increased or de-
creased levels of feeding and drinking un-
der single and group-housing condition of
laboratory rats is good or bad for their wel-
fare. However, an increase in the level of
behaviours indicative of escape attempts
such as exploration and bedding-directed
behaviours may indicate that the animals
are having a decreased ability to cope with
their environment and that the housing con-
dition 1is stressful for them (e.g. Hurst et al.,
1899).

On the other hand, the high levels of sleep
displayed by the SH rats as compared to GH
rats may indicate that the welfare of SH rats
is better than that of GH rats. High levels of
sleep behaviour have been shown to indicate
good welfare in laboratory rats (Abou-Ismail
et al.,, 2007). This high level of sleep dis-
played by SH rats could be due to their im-
proved ability to control the environment by
being under-hopper; the only place in the
cage that provides a protection from the dis-
ruptive effect of the white light. Such criterion
that might have not been available for the GH
rats as it may probably be difficult to the five
animals to be under-hopper. Even if the GH
rats can all get under the hopper, their sleep-
ing bout may get interrupted by the vocaliza-
tion or movement of cage mates. The high lev-
el of self-grooming activity displayed by the
SH rats may be due to the higher amount of
sleep in these animals. Self-grooming was re-
ported as the second activity of the laboratory
rat that occupies the longest duration of their
time budget after sieep. Indeed, it is the most
time consuming activity of the laboratory rat's
awake time (Sajbaba et al.,, 1998). Self-
grooming was reported to be concentrated
around sleeping time. It takes place after
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”'sleeping, but also occurs when the animal
prepares for sleep.

Results did not reveal a significant effect to
the experimental treatments on either tail
chasing or bar biting. An increase in self-
directed behaviour, e.g. tail chasing and bar
biting, has been observed in individually
housed rats (Hurst et al., 1997, 1968; Baen-
ninger, 1867). In general, stereotypic behavi-
our is seen in impoverished environments
(Wiirbel et al., 1998), so individual housing
may induce stereotypies, but actually no ster-
eotypic behaviour was observed in our study,
either because it was not observed or because
it was not performed. The absence of stereo-
typic behaviour may indicate a smaller wel-
fare impact than is supposed from being
heoused individually.,

Hurst et al., (1887) concluded that al-
though single housing may remove social
pressure, singly housed animals may still
seck soclal company. Looking at the animals’
motivation to seek social company or prefer-
ence for a cage containing conspecifics, does
not show that social company is that impor-
tant. In two studies on mice, the cage contain-
ing a partner was visited just as frequently as
other cages containing food, space or shelter
(Sherwin and Nicol, 1996; Sherwin, 1996).
Also, the mouse preferred to rest in the cage
containing the food rather than the social
company, which may indicate, that the social
companionship is not highly prioritised. An
explanation of this could be that only visual
contact between the two mice was possible. In
another study on rats, a rat could choose
company in a T-maze and there was only a
slight favour for the cage with conspecifics
compared to an empty cage {Patterson-Kane
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et al., 2001}, although the rat could be in di-
rect contact with the other rats.

Elevated plus maze

The results of the EPM showed that SH
rats displayed low levels of behaviours in-
dicative of emotionality as compared to GH
rats. SH rats entered the open arms of the
maze more frequently, and the closed arms
less frequently compared to GH rats. Al-
though there was no significant effect to the
experimental treatments on the time spent
in both the open and closed arms of the
maze, the findings indicate that the welfare
of animals housed singly but in cages with
elevated lids that allowed some degree of so-
cial communication, as compared to those
housed in groups, is improved. Behavioural
tests of anxiety such as EFPM have been
shown as a valid measure of assessing anxle-
ty in laboratory rodents (Degroot and Treit,
2004). Anxious animals were shown to enter
the closed arm of the maze more frequently
and the open arms less frequently compared
to non-anxious animals {Lister, 1887). There
are data that have indicated that individual
housing perse did not increase the anxiety-
like behaviour (Nakayasu and Ishii, 2008).
Thus, simply, individual housing perse of la-
boratory rat may not be stressful (Arakawa,
2003) but housing them in cages that deprive
them of social communication for long-term
may be stressful. '

Weight changes and weight of internal
organs '

The results of this experiment showed that
the body weight and weight gain of SH and
GH rats did not differ significantly. Although,
individual housing may change feeding beha-
viour it does not necessarily have to change
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body weight and weight gain of the animals.
Several studies on rats revealed no differences
in body weight. In some studies rats housed
individually had a higher body weight than
group-housed rats (File, 1978; Levitsky,
1870; Lopak and Eikelboom, 2000). In an-
other study no effect on body weight was ob-
served (Sobel et al., 1979).

It is however interesting to note that de-
spite the finding that GH rats were more fre-
quently seen feeding than SH rats there were
no significant differences in their weights or
weight gain over the experimental period. This
lack of significant differences in weight and
weight gain between the rats of the two exper-
imental treatments, despite the significant dif-
ferences in feeding, could be due to that GH
rats were more active both physically (moved
and explored more) and socially (agonistic in-
teractions between rats), and directed more
behaviours towards the bedding materials in
their cages than SH rats.

On the other hand, SH rats displayed light-
er adrenal weights and heavier spleen and
thymus weights as compared to GH rats.
Changes in the weight of some internal or-
gans have been shown to accompany stress
and therefore to be a valid measure of welfare
in laboratory rodents (e.g. Manser, 1992;
Abou-Ismail and Mahboub, 2010). In accor-
dance with the direction of some behavioural
findings (e.g. sleep) and the data of elevated
plus maze, the findings of the changes in the
weight of the internal organs could also indi-
cate that long-term single-housing of labora-
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tory rats in cages with elevated lids is not
stressful and can therefore be considered as a
method of social enrichment.

CONCLUSION

There is no strong scientific basis for con-
cluding that individual housing always impos-
es a major welfare problem in rats, and more
and better controlled studies are needed. Al-
though single housing of laboratory rats that
involves social isolation of the subject animals
has sometimes, under the circumstances of
the experiments, been shown to cause stress,
housing laboratory rats singly but in cages
with elevated lids that permit communication
between the singly-housed rats and animals
in other cages, but in the same experimental
room, appeared not only to remove stress of
social isolation but also to alleviate the social
pressure of housing in groups and therefore
to improve welfare of singly-housed rats.
Thus, there probably is an effect of being
housed individually, but the effect may not be
that major, and it seems likely to assume that
it could be eliminated or minimised by small
procedural and housing changes e.g. housing
in cages with elevated lids which can be con-
sidered as a method of social enrichment for
the animals.
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Fig (1) : ‘Average % scan under-hopper and
in-the-cage’ by the rats in the two ex-
perimental treatments. *** P <0.001
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Fig (2) : "‘Average % scan feeding and move-
ment' by the rats in the two experi-
mental treatments. **+ P <0.001
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Fig (8) : ‘Average % scan drinking and self-
grooming' by the rats in the two exper-
imental treatments. *P<0.05 ** P<0.01
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Fig (4) : "Average % scan exploration’ by the
rats in the two experimental treat-
ments. * P <0.05
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Fig (5) : 'Average % scan bedding-directed be-
haviour’ by the rats in the two experi-

mental treatments. *** P <0.001
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Fig (8) : ‘Average % scan sleep’ by the rats in
the two experimental treatments.
*** P <0.001
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Fig (7) : ‘Average % scan drinking and sta-
tionary’ by the rats in the two experi-
mental treatments in the dark phase.
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Fig (8) : ‘Average frequency of closed arm en-
try’ by the rats in the two experimen-
tal treatments. * P <0,05
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Fig (9) : ‘Average relative adrenal, thymus
and spleen weight (g) by the rats in
the two experimental treatments,

* P <0.05
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