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Introduction

In recent years. the welfare of laboratory animals

housed in standard cage types has been criticised

and possibilities to improve their living

environment have been widely sought, It is

recommended that the effects of cage environment

on animal welfare should be studied by means of

both physiological and behavioural measurements

(Rushen & de Passillé, 1992). Well growing but

unfat animals are in general thought to have good

welfare. Stress. on the other hand, has been

reported to decrease the body weight, for example

in hamsters (lbuka et al., 1993) and in mice (Tuli

er £11., 1995). Moreover, the weights of different

organs known to react to stress may be used as

indicators 01" welfare. Decrease in the sizes of

spleen and thymus as well as enlargement of

adrenal glands have been shown to occur in

experimental stress procedures (Ham ()1 al, 1981,

Blanchard et al., 1993). Furthermore. serum

corticostetone concentrations are known to

increase during stress (Blanchard at 111., 1993, Tuli

et a1, 1995). The body fat content has been shown

to be a useful indicator 01' physiological burdens

(Bergmann et al.. 1994/95) and the epididymal

adipose tissue weights are appropriate to

determine body fat (Webb (1’: Rogers, 1979), The

brown adipose [ISSUC (BAT) weight is also a pan

of body fat content. Its hypertrophy or atrophy is

induced by cold or heat load of environment as

well as overeating or food restriction, which both
are associated with the sympathetic nervous

system stimulation (Himms~Hagen, 199(1).

When the effects of environmental changes on

behaviour were monitored, open field activity is

often used as a test method (Manosevitz & Pryor.
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1975'. Gentsch et a/., 198]; Igurus/zi & Takexhita.
1995). In order to compare new results to older

ones, the monitoring methods in both studies

should be the same. Increased defecation and

decreased ambulalion in certain parts ofopen-field

arena have been considered as emotional

responses or index of tiinidity (Archer. 1973;
Manosevt‘lz & Pryor, 1975; Walxlz & C'nmmms,

1976; [garashi & Ykzkeshita. 1995). On the other

hand. ambulation can also be an indication of

"active escape" or cxplotative behaviour (Archer.

1973: lgarashz' & Takeshita, 1995).
The best enrichment object for laboratory rodents

is considered to be the One which enhances the

normal behaviour of animals (erg. gnawing). is

easily kept clean and does not increase the work of
animal technicians, is safe and provides

stimulation for the animals so that they want to use

it (Chamove, 1989; O/‘ok-Edem & Key, 1994;

Chmz’el & Noonan. 19%: Rermer cf 17/. 1992).

When rats were offered different kinds of

enriching objects, they spent more time with

chewable ones (Chmzel & Norman, 1996). In the

present study“ the aspen gnawing blocks were

chosen as enrichment objects because they

fulfilled these qualifications.

The aim of this study was to evaluate the

long-term effects of cage type and wooden

gnawing blocks on the physiology and behaviour

of rats. According to our earlier results animals

also used them (Kalisle—Korhonen El (1!, 1995).

Furthermore, solid bottom cages with bedding

should be better living environment for rats

according to the preference tests (Mansyr er al..
1995; Mamer el (1/, 1996; Blom et LIL. 1996).

Theoretically. a better environment should



increase animal welfare, which should have effects
on stress—reaetive organs and produce less timid

behaviour in open-fieId. Based on the facts and

studies mentioned above, weight gain of the

animals. weights of different organs as well as

serum corticosterone concentrations — the

dominant glucocorticoid in rats (Evans. 1996) —

were measured to evaluate the effects on their

physiology. The behaviour of the animals was

tested in a five minute open-fleld test to assess the

effects on behaviour. The analysis of open—field

behaviour was divided into two parts (first 2.5 min

and second 2,5 min), since it has been stated that

the temporal dynamics of motor activity would he

more desirable to record than just the total time

(Markel & Galaktiortov. 1989). Furthermore, we

re-tested the animals after 4 weeks to investigate,

ifthe enrichment object or eaging type would alter

the opcn—field behaviour after a certain period.

Materials and methods

Animals and environment

Male outbrcd SPF (n:90) Wistar (WH. Hannover

origin) rats (National Laboratory Animal Center,

Kuopio, Finland) were used in'two experiments.

Before weaning and before taking the animals into

the experiment: they were housed in solid bottom

cages with aspen ehip bedding (4H1’,’1‘apvei 0y,

Kaavi, Finland), At weaning, animals from

different litters were mixed after which they were

randomly allocated into the groups. The bedding

trays under the grid floor cages and solid bottom

cages with bedding were changed twice a week,

but the grid floor cages them selves were changed

once a week, During the experiments, animals

were housed in one animal room without contacts

to other animais. The ambient temperature of the

animal room was maintained at 21 i 1 0C and the

relative humidity at 58 L 5 %. Lighfldark cycle of

the animal room was 12:12 hours with lights on at

7.00. Pelleted rat and mouse food (R36, Laetamin

AB, Stockholm, Sweden) and tap water were

available ad llbitum. New water bottles, fresh

water and new food pellets Were given twice a

week at the same time with cage or bedding tray

changes. Aspen (Populus tremula) gnawing
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blocks (lxlxs em. 2-5 g, Tapvei 0y. Kaavi.

Finland) were used as enrichment Objects.

Experimental procedure:

The first experiment consisted of 54 male rats.

Animals were randomised at weaning (at 4 weeks

of age) into six test groups{ solid bottotn-group

with (n=9) or without gnawing blocks (n=9), grid

floorgroup with (n:9) or without gnawing blocks

(n=9) and transfer-group with (11:9) or without

gnawing blocks (n:9), The rats were housed in

groups of three per cage either in stainless steel

solid bottom cages (48x28x20 cm) containing

aspen bedding (SBC) or in grid floor cages

(45x38x195 cm, rod diameter 1.6 mm and mesh

Size 10x10 mm) without contact to bedding

(GFC). The trunsfer-group animals were first

housed in SBCs and transferred into GFCS at the

age of 8 weeks. The cages in SBC- and

transfer—groups were allocated into a cage rack of

4x5 cages so that one cage ot‘each group, with and

without blocks. was placed on the three upper

levels. The GFCs were in racks of 2x5 cages, one

cage with blocks and one cage without blocks on

three upper levels. This way it was ensured that

each group was represented in each rack level. The
light intensities and relative humidity inside the

different cages were not measured. Rats in

GFC—groups (n 18) and in SBC-groups (n=18)

were euthanised at the age of 8 weeks. The

animals in transfer-groups (11:18) were first

housed in SBCs and transferred into (’iFCs at the

age of 8 weeks and cuthanised at the age of 12

weeks.

The experiment was repeated with 36 male rats to

investigate more closely the effects of transfer.

which were partly missed in the first experiment.

The randomisation and housing of animals was

conducted similarly as above; SBtI-group with

(11:9) or without gnawing blocks (n=9) and

transfer-group with (n=9) or without gnawing

biocks (n=9). The animals in transfer-group

(11:18) were first housed in SBCs and transferred

into GFCs at the age of 8 weeks, All animals were

euthanized at the age of 1 1 weeks.

The procedures used in this study were in

accordance with the European Convention for the

18]
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vertebrate animals used for

experimental and other scientific purposes

(European Convention 1990) The study was

approved by the Animal Care and Use Committee

ofthe University of Kuopio.

protection of

Use ofblocks

Half of the animals in each housing type were

provided with pre-weighed, room temperature

stored aspen gnawing blocks, three per cage.

Animals had one week to habituate to the presence

ot‘blocks in their cages before the actual follow up

study (starting from the age of 5 weeks). The

unused blocks and the remains of blocks fallen
through grids in GI’Cs were replaced with new

ones once a week on Mondays. New blocks were

provided during the week if needed to ensure that
there were always three blocks in the cage. ln

GFCs new blocks had to be added several times
during the week. The collected blocks were dried

at room temperature for 24 hours before weighing.

‘1 he weight loss of blocks was measured per cage

(1‘ a weight losses of three blocks were

summarised) and used as an indicator oftheir use.

In the first experiment, the weekly weight losses of

blocks during weeks five and six are presented

together (but still g/week), because the first actual

block Change was unfortunately missed. The

weight loss of blocks was not recorded when

animals were at 8 weeks of age, because the daily

and gnawing behaviours of the animals were
expected to be disturbed by the presence of

researcher during the open field testing and

sudden decrease in the number of animals in the

housing room due to the euthanization of SEQ

and GFC-groups.

Physiological measurements

The growth of the animals was followed by

weighing the animals once a week on

Wednesdays. Animals were euthanized in a

separate necropsy room with C0220: anaesthesia.

All the animals to be euthanized during that day

were brought to the necropsy room at the same

time and euthanized in random order. in the first

experiment. the blood was withdrawn from the

anaesthetised animals by cardiac puncture between

10:00 - 14:30 hours in two successive days (SBC-
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groups during the first day and GFC-groups during

the second day) or between 8:00 - 11:30 hours

(transfer-groups). By placing the animal into an

euthanasia chamber with about 70 % CO;

concentration. the rapid Ioss ot'eonsciousness was

reached (European Commission 1995) after which

under a constant C03:Og-flow the unconsciousness

was maintained and blood was Withdrawn within

two min. The death of the animal was ensured by

cervical dislocation. The serum was separated by

centrifuging at 2000 x g for 10 minutes, The sera

were frozen at -70 0C until analysis of

corticosterone concentrations (11:30 animals)

(Radio immunoassay kit. ICN Bio-chemicals.

Costa Mesa. CA). The final body weights as well

as the weights of adrenal glands. thymus, spleen,

interscapular brown adipose tissue and epididymal

adipose tissue were measured. The organs were

cleaned from the surrounding fat tissue before

weighing.

Behamou/‘ul measurements

The behaviour test (open-field test) was performed

only for the animals in the first experiment. At the

age of 8 weeks, the behaviour of all animals was
tested in a five min open-field test. The animals

transferred into (.ili‘Cs were re-tested at the age of

12 weeks. The tests were conducted in the same

room that housed the animals. The tests were run

between 11:00 and 15:00 hours on two successive

days (first testing) or during one day (second

testing). 'l'he animals were tested in random order

in a manner that all groups were represented

during both test days, and at least one of the

animals in each cage was tested at different day

than the others. The open—fleld arena was white

and circular. with a diameter of one metre. it was

encircled by a 50 cm high grey wall. No extra

illumination other than the normal room light ( 100

- 160 lux one metre from the floor) u as used. The

animals were placed in the centre of the arena and

their behaviour was video recorded. The

open-tield arena was wiped with mild detergent

(Hytox-Zl. Leverindus, Turku. Finland) after each

animal. The behaviour of animals was analysed

with a computerbased system (Jaalirzan a/ at.

1989). The behaviour of animals was monitored at

the periphery (about 20 cm wide area next to the



wall) and at the central (about 60 cm wide area in

the middle) areas of the arena. The behavioural

parameters monitored were walking standing alert

(=active but no walking; head movements, slight

body movements). rearing (:standing on hind feet

with front feet in the air or resting on the wall at

open-tield arena). grooming (=seratching and

pawing them selves with feet or licking the body

and feet) and defecation ( boli were detected in

the arena). The total frequency and duration, as

well as the latency to the first onset of any

behaviour were determined from the video

recordings. The behaviour of animals in the

open-field test was monitored from the video tapes

separately during the first (A) and last (13) 25‘

minutes. The walking and rearing behaviours were

combined in the statistical tests, since both

activities were considered to measure locomotion.

'1 he behaviour of animals was not recorded in the

home cage. because we could not enable the video

recording of GFCs without adding new and

different cage lid or contact with floor or bedding
tray surfaces during recordings.

statistical analysis

The data were processed by the SPSS/PC+ V5.1
program [SPSS Europe B,V.. Gorinchem. The

Netherlands). The distribution of the data was

tested with Kolmogorov—Smirnov test. The effects

of cage type and presence 01‘ gnawing blocks and

their interactions were analysed with two—way

analysis of variance and the separate differences

between groups were further tested with Host

(normally distributed data), Mann-Whitney U—test

(non-parametric data) or with manova repeated

measures and Friedman—test (repeated measure;

parametric or non-parametrie data) when

necessary. The statistical tests used are indicated

in the results. The results are expressed as

meansiSD. The weight losses of blocks were

monitored by cages (n33 cages per group): The

organ weights were adjusted to body weight by

using the body weight as the covariate in the

statistical tests. The weight gain was calculated

from the difference of final body weight and initial

body weight.
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Results

USE ofblocks

The weight loss ot‘gnawing blocks was used as an

indicator of their use. Blocks were Clearly used by

rats: Le. they were gnawed. The gnawing consisted

of chopping the blocks into small pieces The

weekly weight losses of aspen gnawing blocks in

the two different cage types are shown in Figure 1

In the first experiment the weight loss of blocks

was about fourfold tn GFCs 1—3 weeks after the

weaning (Fig 1a). When the rats first housed in

SBCs were transferred into GFCs at the age of 8

weeks the gnawing 0f the blocks doubledt This

was not, however, statistically significant (p>0.05

Paired t-test). 1n the second experiment‘ the

gnawing behaviour of transfer—group increased

fourfold after the transfer into ('11-'(Is (p<0.05

Paired t-test) but the gnawing in SBCs remained

similar (p>0.05 Manova repeated measures, Fig

1b). The weight losses of blocks in GFCS were

threefold higher than in SBCs and the amount of

wood gnawed remained at a constant level until

the end 0fthe study (Fig 1b). Since the home cage

behaviour was not video recorded. it is impossible

to say whether all or only some of the animals

gnawed the blueks.

Physiological measurements:

The statistical analysis for the physiological

parameters measured in the first experiment (Table

l), are made without the transfeiugroup. because

of the large difference in age and missingy control

group:

Effects of blacks: 1n the first experiment, the

animals with gnawing blocks had lower final body

weights and lower total weight gains until the age

0f8 weeks than animals without blocks (Table 1).

The effect ofbloeks was similar in both cage types

(interactions; p>0 05). This effect of blocks was

not seen in the second experiment (the final body

weights on average 297 :t 21 g with blocks vs 308

t 27 g without blocks and the total weight gains

on average 237 i 18 3; vs. 249 : '74 g, respectively

183
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Fig l, The mean i SD of weekly weight loss of wooden gnawing blocks (n:3 cages per group;

summarized weight losses of 3 blocks per cage) in solid bottom cages and in grid floor cages, Transfer =

animals were transferred from SBC into GFC at the age of 8 weeks. 1a = The firs( experiment, lb = The

second experiment.

** The effec‘ of cage type p<0.01 (Manova repeated measures),

a The effect of transfer p<0.05 (Paired Hest)‘

1a. The first experiment
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p:-().05 Analysis of Variance) Otherwise, the
adrenal glands and serum eonicosterone

concentrations (Table 1) or the spleen (overall

mean: tirst experiment 739 j: 97 mg and second

experiment 794 + 126 mg), thymus (862 i 102 mg

and 883 x 170 mg) and epididymal adipose tissue

we1ghtstj2.7 1 0.6 g and 4.9 :t 1.4 g, respectively)

were not significantly affected by the presence of

gnawing blocks. Moreover. serum corticosterone

concentratmns were not correlated with adrenal

weights (Pearson coefficient 0439, p>0.05).

Ejj‘erts of cage type: In the first experiment

animals housed in SBCS had lower final body

weights and smaller total weight gains until the
age of 8 weeks than animals housed in GFCs

(Table 1), even though there were no differences

in imtial body weights or in separate weekly body

weights. The effect of cage type on final body

we1ghts and weight gains was not found in the

second experiment (the final body weights on

average 305 i 28 g in SBCS vs. 299 :t 20 g in

Gl—‘Cs. the weight gains at the age 0f3 weeks 154
i 15 vs. 149 i 14 g and at the age of 11 weeks 246

i 25 g vs. 241 3: 19 g, respectively. p>0.05

Analysis of Variance). The animals housed in

GFCs in both experiments had larger adrenal
glands than animals housed in SBCs, but lower

serum conicosterone concentrations in the first

experiment (Table 1). 1n the second experiment.

the weights of brown adipose tissues had a

tendency to be larger in animals housed in Gl-‘Cs

(Table l). The significant interaction of cage type

and blocks shows that the weight difference

between animals with blocks and animals without

blocks in SlSCs is opposite to that of weights in
GFCs (Table 1). Otherwise, the spleen, thymus or

epididymal adipose tissue weights were not

affected by cage type (overall means mentioned 1n

the paragraph Effects of blocks).

Behavioural measurements

The analysis of open-field behaviour was divided

into two separate parts (A=first 2,5 min and-

B=second 2.5 min), which both equalled 100 “/0.

Le, periphery A and central A behaviours together

represent 150 seconds. The rats housed in GFCS

from weaning groomed Significantly less in the

186

periphery during the last period of the test than

animals housed in SBCs (Table 2). Grooming

behaviour was totally absent in the central area in

all test groups. 'l'here were minor differences in the

locomotion activity in the central area: rats

without gnawing blocks in both cage types

decreased their activity in the central area of the

arena during the last 2.5 minutes of the test

(Figure 2a). In GFCs, this decrease of activity was

great enough to produce a significant difference

between the groups with or without blocks (131g

221). The locomotion activity in the peripheral area

(Figure 2a) and the standing alert behaviour (Table

2) were not affected by the cage type or presence

ofbloeks in the first open-tield test. Moreover. the

defecation frequencies during the first test were

similar in all six groups (overall means; 1.2 +1.6

first 2.5 min and 0.8 t 1 second 2,5 min)

After transferred into GFCS, the grooming
behaviour ofthe animals decreased (Table 2). The
locomotion activity in the central area during the

first 2,5 minutes decreased in animals with blocks

(Figure 2b) and during the second 2,5 minutes in

animals without blocks (Figure 2b), when re-tested

at the age of 12 weeks. The animals in GFCs

without gnawing blocks were less act1ve in the

peripheral area during the first half of the test than

animals with blocks (Figure 2b) and their standing

alert behaviour was correspondingly increased

(Table 2). The defecatmn Frequencies were not

affected by the presence of blocks 01‘ the cage type

(08 i 1.2 first 2.5 min 21nd 0.2 : 0.4 second 2.5

min).

Discussion

The weight losses of blocks were about four fold

in GFCS when compared 10 the ones 1n SHCS.

Furthermore, gnawing of the blocks remained at

constant level throughout the studies. 'l'his

suggests that the animals in GFCS really used the

blocks and the blocks maintained thelr

attractiveness. (.2. animals did not get bored with

them over time. Previously it has been shown that

in SBCs rats spent only few minutes with the

blocks during 24 hours and gnawing was the most

active and long-lasting activity with them

(Kaliste-Korhanen et al, 1995), thus the gnawing

was chosen as an indictor of the block usage. 1n
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Fig 2 The mean J. SD percentages of locomotion activity in central and periphery area during 5 min

open-tield test. 2a = The animals ‘dl the age of 8 weeks, 2b = The animals tested first at the age of 8

weeks transferred into GFCs and tested at the age of 12 weeks. A : first 2.5 min, B : second 2,5 min.

n:9 animals .’ group.

* p<0.05. Friedman test.

** p<0.01, Friedman 0r Mami-Whitney U-test.

*** p<0.001. Mann-Whitney IL-test.
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this study. the weight loss of blocks in SBCs was

qmte minimal when compared to the weight loss

in (RFCs. which is in accordance with the earlier

results (KalisieeKor/tonen at (11., 1995) When the

animals were transferred from SBCs into GFCs.

the gnawing of the blocks doubled. Hence. the

blocks may have a more enriching value for rats in

GFCs than in SBCs.

l'g/j’ect Q/"gnawz'ng blocks

In open-field tests‘ the animals without blocks in

both cage types decreased their activity in the

central area during the last 2,5 minutes more

clearly than animals with blocks. Avoidance of the

central, open area in the open field test is thought

to be a sign of emotionality or fear (Ossenkopp at

at. I994). Moreover, animals transferred to GFCs

at the age of 8 weeks without blocks showed

decreased locomotion activity in the peripheral

area alter the transfer. The activity of rats in GFCs

with blocks instead resembled the behaviour of

animals in SBCs. When animals are tested more

than once, a habituation for the test situation may

have effects on the behaviour. However, in this

study the time period between the tests was long,

and the habituation effect should be similar in both

groups. Since the behaviour changes in groups

with Ltlld without blocks were not similar. the

general habituation effect on the behaviour can be

excluded Accordingly, the possibility to use

blocks seemed to make the rats less emotional and

more active. However, defecation, the other

parameter Claimed to indicate emotionality

(Archer, 1973; Osserzlcopp et at, 1994), was not
influenced by the presence of blocks, Furthermore,

the differences between groups were so small, that

no strong conclusions can be drawn.

In the first experiment, the animals with gnawing

blocks had less weight gain than the animals

without blocks. This might be due to the

manipulation of food as play object in the absence

of gnawing blocks and/or bedding, thus resulting

in greater food intake and weight gain. Eating of

blocks could also reduce the food intake and cause

decrease in the weight gain. However, there was

no evidence of wood particles in the stomach

during the autopsy (hut food particles were

present) and the Chopped blocks were detected

Seand. J.Lab./\mn1 Set N) 4 IWS Vol 23

inside the Sluts or on the bedding trays under the

GFCs. Since the food intake was not monitored

nor the home cage behaviour. we cannot determine

it‘the increased food consumption was actually the

case in this study. However, it has been shown that

”impoverished” rats weigh more than "enriched"

rats, because they eat more (Fiala et at. [977)

The other physiological variables measured in this

study were not influenced by the presence of

blocks and these effects could not be detected in
the second experiment either. This indicates that

the aspen blocks would not have harmful effects

on experimental results.

According to Cubbitt (1992) and Chmiel &

Noonan (1996), enrichment objects provided to

experimental animals should be safe economical.

easily cleaned and suitable for the enrichment

purpose. Aspen gnawing blocks Iullil most of

these qualities: they are cheap and easily

manufactured, and they can be easily replaced

with new blocks during cage changing. Moreover.

rats clearly used them in GFCs, [.2 blocks may

encourage the normal gnawing behaviour of

rodents. It" made from the same material as the

bedding, they do not introduce any extra chemical

compounds into the cage environment. However,

hardwood and softwood materials have been

shown to have some cytotoxic properties

(Polgieter et al, [995; Pelkonen & Hdmtinen,

1997), The usage ot‘wood blocks in toxicity tests.

if not made from the same material as bedding.

should be carefully considered. In conclusion.

aspen gnawing blocks may be recommended for

enrichment especially in GFCs.

Effect ofcage type '

The cage type affected the grooming behaviour
and locomotion activity in the open field; rats

housed in GI’Cs groomed less in both tests and

were less active in the second test than rats from

SBCs, Grooming behaviour has been shown to

indicate adaptation to the test situation (File er a],

1988) and greater locomotion in the peripheral

areas rather than in inner areas of open-field to be

an indication of timidity (Walsh & Cummim‘,

1976} Living in GFCs might not provide enough

stimulation for rats, leading to more passive and

emotional behaviour in a novel environment.
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Animals housed in SBCs Seemed to be less timid

and they probably had better ability to cope with

the novel situation as suggested by the minor

increase in grooming behaviour in SEC rats during

the last 2,5 minutes. The defecation frequencies,

however. were not influenced by the Cage type.

The cage type had greater influence on the

physiology of rats than the presence of gnawing

blocks. The greater weight gain in GFCs might be

due to a smaller energy consumption or greater

food intake. The bedding material offers the
animals something to manipulate, probably

resulting in more active animals in SBCs and

hence greater energy consumption, The decreasing

effect of blocks on weight gain supports this

hypothesis; blocks probably also activated the
animals. The rats without bedding and blocks in

(‘il-‘(Zs, on the other hand, had only food as

material with which to interact and the animals
might have eaten more as a result leading this way

to more fat animals.

The greater weight gain in GFCS might also be due

to a lower temperature in ('jli‘Cs than in SBCs, The

greater weight gains and the tendencies of brown

adipose tissue weights to be higher in GFCs may
indicate physiological adaptation to colder
environment (Hzmms—Hagen, 1990). However, the

epididymal adipose tissue weights were not

influenced by the cage type, as could have been

expected according the cold acclimation

hypothesis in which the amount of fat would

accumulate in colder environment All cages were

in the same animal room so the macro

environment was similar to all animals, but the

micro environment may vary in SBCs and in GFCS

due to the presence / absence of protective walls

and insulating effect of bedding. The temperature

inside the cages was not measured in this study,

but later measurements in similar conditions have

shown that the temperature is about 0,5 0C higher
inside the GFCs than in SBCs. According to these

details. the cold acclimation hypothesis does not
seetn probable.

The size of adrenal glands and concentration of

serutn glucocorticoids are often considered to be

stress indicators Chronic stress has often been

shown to enlarge the adrenal glands (Kvetfiansky‘

& Mikulaj, 1970; Ham et a1, 1981) and increase

[90

circulating AC'l‘ll leading to higher glttcoeortieoid

secretion (Strata/ris & Chrousos, 1995). There are,

however, large differences between strains in

responses of serum ACTH. corticosterone and

adrenal weights to chronic stress in inbred rut

(Gomez 2; al.. 1996); some ofthe strains tested did

not react to chronic immobilization stress with

adrenal hypertrophy or increased levels of serum
hormones, Moreover, a negative correlation

between adrenal weight and serum eorticosterone

concentration has been found after some stress
treatments (Gomez e! 411., 1996), of which was also

an indication in our study. These findings

emphazise that the welfare or stress of animals

should not be evaluated by using only a single

parameter (Rushen & de Passillé, 1992). In this

study, the more activating environment in SBCs

may lead to increased activity of the
hypothalamus-pituitary-adrenal axis and thus

explain the higher concentration of serum

corticosterones in SBCs. On the other hand. a
more simple explanation for this difference might

be the euthanization procedure; the animals in

SBCs were euthanized during one day and the
GFC-animals during the following day. The other
stress parameters (weights of adrenals, thymus,

spleen) were not in accordance with the levels of

serum eortieosterone, indicating that the increased

corticosterone levels in this study may not be a

sign of stress.

Overall, SBCS with bedding decreased weight gain
and adrenal size in rats, but increased the serum

eortieosterone concentration. The rearing

environment slightly affected the open—field

behaviour. The main factor underlying the

differences between cage types is probably the

presence of bedding. The results suggest the

importance of bedding as an environmental factor
for rats. SBCS with bedding are in fact

recommended for housing of laboratory rats

(Wéihe, 1987; Manser et at, 1995; Roe at £11.,

1995; Manser et at, 1996). On the other hand,

Nagel & Smujfochcr' (1994) have stated that there
were no differences in resting and exploration
behaviours or adrenal weights and corticosterone

concentrations in rats housed in full wire cages

when compared to animals in solid bottom cages

with bedding.



In summary, the aspen blocks were significantly

gnawed in GFCs, they slightly decreased the

adrenal weights in SBCs and increased open-field

activity. The blocks also seemed to decrease the

weight gain, resulting less fat animals. Harmful

effects of gnawing blocks were not found. In

conclusion. the gnawing blocks might have some

positive effects on animals and could be

recommended as enrichment objects. Housing in

SBCs decreased weight gain and brown adipose

tissue weight compared to GFC housing. It also

increased the serum eortieosterone concentrations

but decreased the weights of adrenals. The

locomotion activity and grooming behaviour of

SEC housed animals were increased in the

open-field test which might indicate less timid

and more explorative animals. The presence of

gnawing blocks seemed to antagonize the effects

of housing in (.llitis. Since the animals also used

the blocks more efficiently in (.114‘Cs, they can be

recommended as enrichment in this housing type.

Summary

Two separate experiments were conducted to study

the environmental enrichment value of aspen

gnawing blocks in solid bottom cages with
bedding'(SBC) and in grid floor cages without

bedding (GFC), and the effects of housing

environments on the physiology and behaviour of

male outbred Wistar rats (n=90). Animals were

housed in groups of 3 from weaning until the age
of 8-12 weeks. The behaviour of animals in the

first experiment was tested in five minute

open-field tests at the age of8 and 12 weeks. Rats

gnawed blocks about four times more in GFCs

than in SBCs (p<0.01). In the first experiment,

animals housed in (le‘Cs had heavier adrenal

glands (p<0.001) but lower serum eortiensterone

concentrations (p<0.01) and their weight gain was

greater than animals housed in SBCS (p<0.000).
The presence of blocks in cages decreased the

weight gain in both cage types (p<0 001) In the

first open-field test, the animals without blocks in

both cage types decreased their activity in the

central area during the last 2.5 min of the test

(p<0.01). The similar effect of blocks was also
seen in animals later transferred into GFCS
(p<0.05). These rats without blocks were also less

Seand J.I.ab Anim. Set No 4 1998 Vol 25

active in the periphery (p<0.01) and had more

standing alert behaviour (p<0.01') than animals

with gnawing blocks. In both open-field tests, rats

housed in SBCs showed more grooming behaviour

than animals in GFCs (p<0.05). In the second

experiment. animals in GFCs had again enlarged

adrenals (p<0.05) and their brown adipose tissue

weights were slightly increased (p<0.05)

Altogether, Slit: as a living environment resulted

in lighter animals with smaller adrenals. but higher

serum eortieosterone concentrations. In the open-

field, blocks seemed to result in more active and

less timid animals and antagonize the effects of

housing in GFCs. Aspen gnawing blocks can be

recommended as enrichment objects especially in

GFCs.
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