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1.1. The “Three R’s” in Laboratory Animal Science

Public concern for animal welfare has grown to include the well-being of all animals

involved in human life. One useful approach is the “Three R’s” of Russell and Burch:

Replacement, Reduction and Refinement. “Replacement means the substitution for

conscious living higher animals of insentient material. Reduction means reduction in the

number of animals used to obtain information of given amount and precision. Refinement

is defined as any decrease in the incidence or severity of inhumane procedures applied to

those animals, which still have to be used" (RUSSELL and BURCH 1959).

The first step in applying the Three R’s is to consider whether it is possible to use a

“Replacement” alternative. “Replacement” refers to the substitution of living animals by in

vitro techniques, computerized models, videos, films, and the like. If it is really not

possible to use a replacement alternative, the next step is to consider “Reduction” and

“Refinement” (VAN ZUTPHEN 2001, FESTING et al. 2002).

The aim of “Reduction” is to minimize the numbers of animals used in each experiment,

while still achieving the desired scientific objectives. Reduction is highly correlated with

good scientific practice. Briefly, it involves having a clear understanding of the objectives

of the study, controlling environmental factors, standardizing the animal population,

understanding and controlling variation with efficient experimental design(s), extracting all

the useful information in the experimental data by appropriate statistical analysis, and

careful interpretation of the results. In particular, the improved organization within and

between animal research institutes can also contribute to the reduction of animal use (VAN

ZUTPHEN 2001, FESTING et al. 2002).

The aim of “Refinement” is to minimize pain, suffering or lasting harm to each individual

animal, including freedom from clinical and subclinical disease, comfortable housing

systems and good diet, care and regular handled by trained staff (FESTING et al. 2002).

RUSSELL (2002) pointed out that “Refinement” is concerned not only with minimizing

distress during experiments (e.g., by the use of analgesics), but also with husbandry that

maximizes comfort and the well-being of the animals.

As laboratory animals are used for scientific purposes, it should be recognised that the

application of the Three R's should not jeopardize the validity of the research, but allow

scientific results to be obtained that are equally valid with or without the Three R’s

(MERING 2000).
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1.2. EU Regulation

Due to concern for the refinement of laboratory animal husbandry, the European

Commission's international workshop (2002) recommended, “All animals should be

allowed adequate space to express a wide behavioural repertoire. Animals should be

socially housed wherever possible and provided with an adequately complex environment

within the animal enclosure to enable them to carry out a range of normal behaviours.

They should be provided with a degree of control and choice over their environment to

reduce stress-induced behaviours. This may be achieved by using appropriate enrichment

techniques, which extend the range of activities available to the animal and increase their

coping activities.” (See multilateral consultation of parties to the European Convention for

the protection of vertebrate animals used for experimental and other scientific purposes,

the final version of GT123).

According to the consultation, the use of environmental enrichment is to be promoted and

incorporated in European legislation for improving the well-being of laboratory animals in

the future; thereby all European countries will need to introduce environmental enrichment

into their experimental procedures after it becomes EU regulation.

1.3. Environmental Enrichment

1.3.1. What is environmental enrichment?

Environmental enrichment is currently widely considered a means for improving animal

well-being. The basic idea of environmental enrichment has been defined in many

publications; but scientists have not been able to reach a consensus on its explanation

(MERING 2000). The psychologists’ standard definition of an enriched environment is a

cage containing social companions and a wide variety of objects to increase the

complexity of the environment (Mench 1994). CHAMOVE (1989a) pointed out that the goal

of environmental enrichment is to alter behaviour so that it is within the animals’ normal

behaviour range. And PURVES (1996) suggested that an enriched environment should be

as natural as possible. Generally enrichment designs are expected to attempt to

ameliorate problems caused by containment, and the modifications in the environment are

expected to result in an improvement of the animal’s biological functioning (e.g. lifetime

reproductive success, general health) of animals (NEWBERRY 1995) and their natural

behavioural repertoire (VAN DE WEERD and BAUMANS 1995).

Some questions have arisen concerning these definitions: “Which behaviours are

expressed in the wild (the definition of normal/natural behaviours)?” “Are there species-
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specific behaviours?” “Does expressing natural behaviour or providing natural

environment enhance animal well-being?” “Will captive animals behave as wild animals

when given more space or allowed outdoors?”. These questions indicate that there is a

need to improve our knowledge about “normal/natural behaviour” of each species and to

build up a general theoretical framework for environmental enrichment.

Environmental enrichment of laboratory animals is not a new concept. The term

“enrichment” implies improvement. It is frequently applied to types of environmental

change rather than the outcome (NEWBERRY 1995). Some authors use enrichment as a

synonym for increasing complexity with different purposes, such as medical therapy of

humans (WILL et al. 1977, GOODLETT et al. 1982, FARRELL et al. 2001, VAN DELLEN et al.

2000, HOCKLY et al. 2002).

The consideration of environmental enrichment is often focused on the physiological,

physical and social environments. Physiological enrichment refers to the monitoring of

health status and nutrition (diet). To improve the physical environment, alterations are

often considered for environmental factors such as temperature, humidity, ventilation,

noise, and light, cage size and structure, feeding and watering systems, bedding and

accessories. Social enrichment includes the contacts within and between species.

1.3.2. Standardization in laboratory animal science

In recent decades, there have been significant developments in laboratory animal science

in the field of health monitoring (hygiene control), genetics and environment, including

temperature, humidity, light intensity, light cycle, bedding, nutrition and ventilation of

different species (VAN ZUTPHEN 2001). This led to possibility of standardisation in

laboratory animal science. Standardization of animal experimentation can be taken in this

context to mean the definition of the properties of any given animal (or animal population)

and its environment, together with the subsequent task of keeping those properties

constant or regulating them (BEYNEN et al. 2001).

Current standardized housing recommendations for different laboratory animals can be

found in many publications (e.g. VAN ZUTPHEN e et al. 2001, GREGORY 1996, ILAR 1996).

Such standardization was a kind of environmental modification aimed at enhancing animal

well-being by improving physiological health, but it was not called to be “environmental

enrichment” and was usually classified as an advantage for an animal experiment.

This high level of standardization has been largely responsible for the great decrease in

the number of laboratory animals used in experimental research, due to the decrease in
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variation. Thus “Reduction” and “Refinement” have been implemented in laboratory

animal science in the last decades.

1.3.3. Environmental enrichment in laboratory animals - Current status

Although the standardization of laboratory animal housing has supported species-specific

environments for laboratory animals, some researchers have reported that restricted

environments can lead to abnormal behaviours (such as stereotype movement) and that

enriched environments could reduce such phenomena (BEAVER 1989, CHAMOVE 1989a,

CHAMOVE 1989b, BAYNE et al. 1992, POOLE 1992, COULTON et al. 1997, INGS et al. 1997,

LIDFORS 1997, DE MONTE & LE PAPE 1997, POWELL 2000).

Laboratory animal enrichment research has been prompted by concerns about the validity

and applicability of research results obtained from subjects housed in standard laboratory

cages. VAN DE WEERD and BAUMANS (1995) suggested that environment of laboratory

animals could be enriched by increasing social contact (conspecifics or human contacts),

providing accessories (nest material, toys, objects or shelter), giving sensory stimuli (e.g.

auditory or olfactory) or a chance to forage for food, or combinations of these. The

European Commission's international workshop (2002) also recommended “in addition to

social activities, enrichment can be achieved by allowing and promoting physical exercise,

foraging, manipulative and cognitive activities, as relevant to the species concerned.”

Owing to the species-specific and differences between individual animals, environmental

enrichment can comprise different structures, objects or materials. Thus a wide variety of

enrichment strategies, items and materials have been suggested or considered

acceptable for enriching laboratory mice and rats (NEVALAINEN 2001). Various studies

have suggested cage enrichment objects such as toys, nesting materials, nest boxes,

exercise wheels, climbing bars, shelter, chew blocks, tubes/bottles, tunnels, horizontal

and vertical dividers and others (CHAMOVE et al.1989b, PERERS & FESTING 1990,

SCHARMANN 1993, HAEMISCH et al. 1994, VAN DE WEERD et al.1994, OROK-EDEM & KEY

1994, PRIOR & SACHSER 1994/1995, DENNIS et al. 1996, KINGSTON & HOFFMAN 1996,

BOEHM et al. 1996, JENNINGS et al. 1998, ESKOLA et al. 1999B, NEVISON et al.1999,

MORTELL 2001). Such wide variety indicates that the definitions of enrichment are various

and that an evaluation of enrichment provided is still required.
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1.4 The Interaction between Environment and Laboratory Rodents

1.4.1. Strain dependence in the characteristics

It has become evident from eighteenth century onwards that the further development of

medicine is dependent upon the results of animal experiments (VAN ZUTPHEN 2001).

The development of inbred mice and rats for scientific purposes has been pursued

continuously, constituting a great advance in many fields of biological research, owing to

the fact that inbred mice and rats are small, short-lived, considered genetically stable and

of well known biological variability, for which there is a rich background of scientific

experience. Thus they are now the most frequently used vertebrate species for various

experimental purposes.

After long-term full-sib mating, the characteristics of each inbred strain have become

different. For example DBA, C57BL/6, BALB/c and A/J, are the most widely used inbred

mice for general purposes, but they differ in characteristic physiology, biochemistry,

reproduction, behavioural performance, and spontaneous diseases (FESTING 1979,

HANSEN et al. 1982, SOUTHWICK et al. 1982, KVIST 1984, MORSE et al. 1993, FOX &

WITHAM 1997, FESTING 1998, VAN GAALEN & STECKLER 2000). More information is given in

Appendix 9.1.

The choice of particular strains largely depends on whether their anatomical, physiological

and behavioural characteristics are suited to the research demands at hand. For example

inbred DBA/2, C57BL/6, BALB/c and A/J mice were chosen for this study for the following

reasons:

1) They have been separately inbred for more than half a century (and are thus

considered genetically stable) (Figure 1-1) across large genome regions. (Due to

this fact DBA/2, C57BL/6 and A/J mice were also used for examining the patterns of

variation between inbred strains, BROWN 2002.)

2) Different performances have been observed for these strains in behavioural tests

(e.g. the rankings for Open Field and Food Drive activity, low to high, is A/J, BALB/c,

DBA/2 and C57BL/6) (FESTING 1979, SOUTHWICK et al. 1982, KVIST 1984, VAN

GAALEN & STECKLER 2000).
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1.4.2. The impact of environment

The correlations or interactions of environment and genotype, is regarded as part of the

environmental variance responsible for the variability in quantitative characteristics

(GÄRTNER et al. 1979). Numerous cases have been reported in which the environment

influences the health status, breeding performance, physiological response and behaviour

of experimental animals.

For example, it has been shown that crude protein levels, fat concentration and the

amount of vitamin B complex and pyridoxine in the diet could affect breeding performance

(NOLEN & ALEXANDER 1966, KNAPKA et al. 1977, EBINO et al. 1989, Hoover-Plow et al.

1988, Speakman et al. 2001). And high dietary fat (42% energy from fat) has been

reported as a possible factor for increased aggressive behaviour (attacking intruder) in

male mice and rats (HILAKIVI-CLARKE et al. 1996).

Other genotype x environment interactions have also been shown in several studies,

including the effects of temperature, humidity, light intensity, nest and bedding materials

and social status (some examples are shown in Table 1-1 a,b,c).

As these studies showed the existence of interactions between environment and animal, it

is important to perform experiments under controlled conditions to minimize genetic and

environmental variables. For this purpose, standardization (described in 1.3.2) has played

and is still playing a crucial role in laboratory animal science.

Table 1-1a: Studies of genotype x environment interactions

Reference Environmental
factor

Genotype Parameter Effects of environment

PRYOR &

BRONSON

(1981)

Temperature

(23°C vs. 3°C)

Wild mice Reproductive

index (RI)

Lower RI (1.4) at 3°C than at 23°C

(1.7).

PORTER et

al. (1963)

Light (cages

under light or in

shaded area)

CBA mice Mortality in the

breeding

period

Higher mortality under strong light

(2ft.6in. away from 5ft. 80w

fluorescent light) (5x higher than

animals were shaded).

Donnelly

(1988)

Relative

humidity (40%

vs. 60%)

BALB/c mice Breeding

performance

(survival % to

weaning)

Higher survival percentage under

relative humidity (60%) (1.4 times

higher than under 40% humidity)
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Table 1-1b: Studies of genotype x environment interactions-continued

Reference Environmental
factor

Genotype Parameter Effects of environment

HOSOI et al.
(2000)

Relative
humidity (80%

vs. 10%)

C57BL/6
mice

Cutaneous
immune

reaction (I-A

positive cells)

16% more I-A positive cells in
the epidermis under higher

humidity (80%).

NOLEN &
ALEXANDER

(1966)

Nest material

(shredded paper
vs. softwood

shavings)

Rat (strain

not given in
publication)

Lactation

index (LI)
Higher LI (96.9%) in

shredded paper group than in
softwood shavings group

(55.0%). (Detailed description

of each material not given in

publication)

PORT et al.
(1969)

Bedding
material (pine

sawdust vs.

ground corncob)

ICR mice Reproductivity
(Mortality)

Lower reproductivity in the
ground corncob bedding

group (decreased from 23 to

14%).

CUNLIFFE-BEAMER

et al. (1981)

Bedding

materials (mixed
hardwood, white

spruce, white

pine, and red

cedar shavings)

DBA/2J and

C57BL/6J
male mice

Pentobarbital

sleeptime
Significantly longer

sleeptimes of DBA/2J on
mixed hardwood/white spruce

than on white pine/red cedar.

Significantly different

sleeptimes of C57BL/6J on

each bedding (mixed

hardwood > white spruce >

white pine > red cedar).

Morse et al.
(1993)

Isolated-housing

vs. group-

housing (2-3

mice/cage)

DBA/2J

males

Open Field

activity (travel

distance)

Significantly higher activity in

the isolate-housed group than

in the group housed subjects.

GREWAL et al.
(1997)

Isolated-housing

vs. group-

housing (6

mice/cage)

hen lysozyme

(HEL)-primed

C57BL/6

males

T-cell

proliferative

responses

Markedly lower responses in

the group-housed mice than

in the individually housed

mice.
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Table 1-1c: Studies of genotype x environment interactions-continued

Reference Environmental
factor

Genotype Parameter Effects of environment

SCHMIDT-WITTIG
et al. (1996)

Diet (37.1 % vs.

4.4% fibre diet)

AS/Ztm germ-

free (GF) and
specific

pathogen-free

(SPF) rats

Weight gain,

crypts in
proximal

colon

Similar weight gain, but

significantly higher amount
and longer length of crypts in

proximal colon in high fibre

diet GF and SPF groups.

DEVI et al. (1995). Noise (with or

without 3.5 MHz
Ultrasound) in

early fetal

period

Swiss mice Open Field

activity (travel
distance)

Decreased Open Field

activity due to ultrasound
exposure.

1.5. Scientific Concern about the Impact of Enrichment

As the goal of environment enrichment is to improve animal well-being, the critical

question is whether an environment provided with enrichment design can actually

enhance animal well-being or not. Furthermore because interactions between

environment and genotype have been reported in many studies, it becomes indispensable

to investigate the effects of enriched housing on experimental results before accepting an

enrichment design, to insure that precision and accuracy of results are not affected by

enrichment.

1.5.1. Does an enrichment design enhance animal well-being?

The assessment of animal well-being is a prerequisite to understand the effect of

enrichment on well-being.

1.5.1.1. How  can animal well-being be assessed?

Animal well-being is a vague notion that evades precise definition and is used

inconsistently in the literature (CLARK 1997a). The most frequently used definition for

animal well-being assumes that animals are able to grow well, maintain bodily functions,

express natural behaviours (like animals in the wild) and reproduce successfully

(BLACKSHAW 1986, STAUFFACHER 1992, CLARK 1997c). Owing to the complex

phenomenon of animal well-being, there are multiple factors involved. Thus indicators

must be taken into consideration which combine animal’s behavioural patterns, their
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physiological response to stress, their reproductive success, and their overall health

situation.

It should be mentioned that there is a lack of information about the threshold of such

measurements of poor well-being. Therefore the only possibility is to use these

assessments to compare the relative status of well-being under different conditions.

Behaviour observation and behavioural tests

Behaviour is generally the animal's response to environmental change and can also be an

indicator of states of suffering such as pain. Behaviours that cause injury to either the

initiator (self-mutilation) or the recipient (cannibalism) clearly have a negative effect on

well-being. Other stereotyped behaviours (e.g., repeated gnawing, digging, licking, pacing,

bouncing and rocking) and aggression (fighting, attacking cagemates) have been

considered a sign of environmental inadequacy (BLACKMAN 1995, MENCH 1998).

As the occurrence of stereotypes reflects a cut-off of higher nervous function, the loss of

conditioned stimulus-response relationship may be a sensitive index for developing

behavioural disorder in laboratory rodents. Aggressive behaviour (the frequency of fighting

or the number of attacks within groups) is often used as a quantative indicator for

comparing animal well-being status under different housing conditions. (MCFARLANE et al.

1988, CRAIG & SWANSON 1994, BLANCHARD et al. 1998, WÜRBEL et al. 1999).

Preference testing, giving animals choices and opportunities to express preferences, is

now a widely used tool for evaluating specific aspects of the environment such as flooring,

temperature and lighting (CHMIEL & NOONAN 1996, MENCH 1998). It should be pointed out

that such tests can only give information about the relative properties of the choices given

(DUNCAN 1992, MENCH 1998), but are not directly linked to the well-being status. Thereby

providing enrichment objects on the basis of preference testing may not be the same as

improving well-being.

Behavioural tests (such as the Open Field, Elevated Plus Maze and Modified Open Field

tests) have been developed for measuring the drug effect of anxiety (the desire to escape

from the unknown and unpredictable)(GREEN AND HODGES 1991). These tests involve a

forced confrontation with a novel environment and give rise to behavioural and

physiological reactions related to anxiety (ROY et al. 2001).

As  “less anxiety” has been defined as “lower emotionality” and a decreased emotionality

has been used as an indicator for the improvement of well-being (CHAMOVE 1989, VAN DE

WEERD 1997), these tests have often been used to evaluate the effects of enrichment on
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laboratory mice and rats (DENENBERG & MORTON 1962, MANOSEVITZ 1970, MANOSEVITZ &

MONNTEMAYOR 1972, MANOSEVITZ & JOEL 1973, BENTON & BRAIN. 1981, RODGERS et al.

1993, KLEIN et al. 1994, VAN DE WEERD et al. 1994, DAHLBORN et al. 1996, ZIMMERMANN

1999, FARRELL et al. 2001, Roy et al.2001, VAN LOO et al, 2001, LEWEJOHANN et al.2002).

The typical Open Field for laboratory animals consists of an enclosed area with uniform

solid walls and a flat floor marked off into equal-sized units. The travel distance and the

frequency of “freezing” during the test are the widely used measurements of the Open

Field test, which has often been used to study the “emotionality” of laboratory mice and

rats. Lower emotionality (low anxiety) tends to decrease freezing, grooming and

defecation, and to increase locomotion/activity/exploratory (higher travel distance)

(ARCHER 1973, GREEN AND HODGES 1991).

Modifications of the Open Field test have also been developed, for example placing

objects or food in the central area to increase the motivation. The Food Drive test is

intended to measure anxiolytic action (the opposite of anxiety), especially in potential

anxiolytic drug testing. The purpose is to elicit anxiety developed against food intake by a

hungry animal in a novel aversive environment. The parameters determine the reduction

of latency to begin eating or the increased amount of food eaten as a measure of the

anxiolytic drug effect (THOMPSON 1953, REX et al. 1998).

The Elevated Plus Maze test is another widely used behavioural test to measure the

conflict between exploration (locomotion, sniffing, rearing) of a novel environment and

avoidance of open areas. The Elevated Plus Maze itself consists of  an elevated cross

with opposing pairs of arms, either open or enclosed. The underlying principle is that the

open arms are more anxiety-provoking than the closed arms and that the ratio of time

spent in the open or closed arms or of entries into the open or closed arms reflects the

relative ‘safety’ of the closed arms compared to the relative ‘anxiety’ of the open arms

(GREEN AND HODGES 1991, REX et al. 1996a, CRAWLEY 1999).

SOUTHWICK & CLARK (1968) demonstrated that Open Field activity was highly correlated

with aggression (attacking cagemates, induced by regrouping individually housed mice),

but there is still a lack of information about the correlation between the results of

behavioural tests and the well-being status of group-housed mice.

In addition CRABBE et al. (1999) demonstrated that strains differed markedly in their

reactions, but there were systematic differences in the results of behavioural tests across

laboratories. And LEWEJOHANN et al. (2002) reported that significant differences were

found in the behavioural performance between two laboratories, but that the effects of
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housing conditions on the Barrier test (method described in Appendix 9.2.5), Open Field

and Elevated Plus Maze tests were consistent in both laboratories. Thus to avoid

systematic effects, experimenters performing the tests and the test location should be

inalterable, when the effects of different housing conditions are to be compared.

Physiological response

Physiological response during the reaction to stressors usually leads to observations of

the interaction between the nervous and endocrine systems (STEPHENS 1981, GONYOU

1986). Thus physiological responses of an animal have also been reported as indicators

to assess the reactions of animals to their environment. Many physiological indicators

have been evaluated and used for assessing stress response, such as body temperature,

heart rate, blood pressure, adrenal, spleen, testes and thymus weights, serum hormones

(such as ACTH, corticosterone, thyroid components), haematological value

responsiveness (such as red and white blood cell count, haematocrit) and immunological

function (such as splenic natural killer activity)

Body temperature, heart rate, ACTH, corticosterone, thyroid components, white and red

blood cell counts, haematocrit and the natural killer activity have been reported as

indicators for acute stress (due to transport, handling, bleeding, exercise, electric shock)

(GOLDSMITH et al. 1978, GÄRTNER et al. 1980, WODZICKA-TOMASZEWSKA et al. 1982, WALL

et al. 1985, AGUILA et al. 1988,  Drozdowicz et al. 1990, SHANKS et al. 1990, BADIANI et al.

1991, JOSEPH et al. 1991, ERIKSSON et al.  1994, BLANCHARD et al. 1995, TULI et al. 1995,

VAN HERCK et al. 1997, ORTEGA et al. 1999, RODGERS et al. 1999, VAN DEN BUUSE et al.

2001).

Accordingly, as long-term stress may cause hypertrophy of adrenals and increases serum

corticosterone levels (MERING 2000), corticosterone (CORT) and adrenal weight are often

used for assessing chronic stress (SHANKS et al. 1990, BADIANI et al. 1992, ANISMAN 1998,

BLANCHARD et al. 1998). Thyroid components such as triiodotyronine (T3) and thyroxine

(T4) have been reported as possible measurements for chronic stress in mice

(CREMASCHI et al. 2000).

For comparing the status of animal well-being between different housing conditions, the

physiological responses to chronic stress are considered possible assessments. (FAGIN et

al. 1983, KLEIN et al. 1992, BLANCHARD et al. 1995, CHAPMAN et al. 1998, AVITSUR et al.

2000).
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Health and reproduction

The animal’s health status (e.g., presence of injury or infection) has been recommended

as an indicator of animal well-being (BLACKSHAW 1986, STAUFFACHER 1992), usually on

the basis of measurements of factors such as clinical and subclinical disease. Unlike pets,

farm or zoo animals, laboratory animals are regularly submitted to health monitoring

(hygiene control), so that these measurements are not suitable for comparing the well-

being status under different housing conditions.

Other factors such as final body weight, growth rate, body weigh loss and reproduction

index also respond to stress. A lower final body weight or a decreased growth rate has

been reported as a response to chronic stress such as crowding, heat or cold, noise, food

restriction and restraint (SCHULER & BORODIN et al. 1978, MCGRADY et al.  1983, ALARIO et

al. 1984, RESTREPO et al. 1989). Body weight loss could be observed after acute stress

such as transport/shipping (WEISBROTH et al. 1977, TULI et al. 1995).

As stress may influence sexual maturation of juveniles, male infertility or embryo losses

(BELYAEV et al. 1977, BORODIN 1980, McGrady 1984, POLITCH & HERRENKOHL 1984,

MARCHLEWSKA-KOJ 1997, Veznik 1998), reproductive activity is often used as the ultimate

measure of an animal's ability to adapt to an ever-changing environment (COUBROUGH

1985). Since the well-being of individual animal reflects its state as regards its attempts to

cope with its environment successfully, a long-term breeding performance study can give

a comprehensive review of the effects of environment. Thus impaired reproduction has

been suggested as an indicator for environmental inadequacy (MOBERG 1991, DIETERT et

al. 1994, BROOM 1997, KNOWLES 1998).

1.5.1.2. The effect of enrichment on animal well-being

Does enrichment increase or in fact reduce the well-being of mice and rats? Numerous

enrichment studies used behavioural observation, behavioural tests, breeding

performance, physiological parameters or combination of those to evaluate the effects of

enrichment. Some studies (WÜRBEL et al. 1998, POWELL et al. 2000, VAN LOO et al. 2002)

concluded that the enrichments used for their experiments could improve animal well-

being, due to the fact that a reduced frequency of stereotypic behaviour or lower numbers

of fights and bites were found in enriched groups. On the other hand, some studies

(MCGREGOR & AYLING 1990, HÄMISCH & GÄRTNER 1994, BERGMANN et al. 1994/95,

BAZILLE et al. 2001, VAN LOO et al. 2002) demonstrated that enrichment led to increased

aggression (shown against a strange intruder or in a higher number of bites), significantly

delayed body weight gain, low immunological response or health problems. Other studies
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(Chvédoff et al. 1980, CHAMOVE 1989b, BARNARD et al.1996, ESKOLA et al. 1999b,

NEVISON et al. 1999) found that the data from different measurements were not correlated

(some assessments indicated the improvement of animal well-being, while others showed

an opposite profile, Table 1-2a,b,c). Thus it is not possible to conclude, whether the

enrichment designs used in these studies improved or decreased animal well-being.

Table 1-2a: The effects of enrichmenton animal well-being

Reference Enrichment Strain Parameter
investigated

Effects of enrichment

WÜRBEL et

al. (1998)1
Cardboard tube Male ICR mice

(pair-housed)
Stereotypic
wire-gnawing

Significantly reduction of
stereotypic wire-gnawing
(40%)

POWELL et

al. (2000)1

Hardware cloth
dividers, nest
material, wire
mesh cylinders,
PVC pipe,
rodent chow

Male and
female deer
mice

Stereotypic
behaviour

Significant decrease of
stereotypic behaviour (Non-
enriched group: 23%, enriched
group: 2%).

VAN LOO et

al. (2002)1
Nest material
(3 pieces of
Kleenex tissue)

BALB/c males The number of
fights and
wounds

Reduced aggression (fewer
fights and wounds).

WATSON

(1993)2
Nest material
(Gauze pads) for
mice and Nylon
bone or Nylon
ball for rats

B6C3F1/CrLBR
mice and
Wistar rats

Body weight,
haematological
traits

No significant effect

HOUGAARD

et al.

(2001)2

Nest box and
climbing stairs
(Scanbur
commercial
enriched cage
for rats)

SD & Wistar rat Breeding
performance,
maternal weight
gain, weight of
maternal
adrenal glands,
plasma
corticosterone

Similar results in standard and
enriched groups.

1: Enrichment design improved animal well-being.
2: No difference between enriched and non-enriched groups.

3: Enrichment design decreased animal well-being.
4: Enrichment effects were not consistent in different assessments.

NE: Non-enriched group.
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Table 1-2b: The effects of enrichment on animal well-being - continued

Reference Enrichment Strain Parameter
investigated

Effects of enrichment

MCGREGOR

& AYLING

(1990)3

2 food, 2 water

sources, a

number of

broken bricks

and flowerpots

CFLP males Aggression

(against a

strange

intruder)

Significantly increased

aggression (2 times earlier).

HÄMISCH &

GÄRTNER

(1994)3

Horizontal and

vertical dividers

DBA/2J and

CBA/J male

mice

Body weight

gain and

aggression

(attacking an

intruder).

Significantly delayed body

weights and higher attack

frequency (2 times higher).

BERGMANN

et al.

(1994/95)3

A nest box and a

passage-way

with 2 openings

(B1) or a nest

box and a

passage-way

with 13 openings

(B2)

HLG males The number of

bites, the

percentage of

injured animals

Increased number of bites in

B1 group (45 times higher than

NE group) and higher

percentage of injured animals

(B1 groups 7.7 times higher,

B2 group 5 times higher than

NE group).

BAZILLE et

al. (2001)3

Cotton nest

material

Athymic nude

mice

Health Detrimental to the health of

mice - increasing the likelihood

of conjunctivitis.

VAN LOO et

al. (2002)3

Utrecht Shelter BALB/c males The number of

fights and

wounds

Increased aggression (more

fights and wounds).

Chvédoff et

al. (1980)4

Social

enrichment

(group housing:

2, 4 or 8

mice/cage)

ICR mice Body weights,

incidence of

gastritis, food

consumption

relative to body

weight

Decreased variance body

weights, decreased food

consumption relative to body

weight, but increased

incidence of gastritis.
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Table 1-2c: The effects of enrichment on animal well-being - continued

Reference Enrichment Strain Parameter
investigated

Effects of enrichment

 CHAMOVE

(1989b)4

Three designs: 5

vertical dividers

(V1), 9 vertical

dividers (V2) or

9 vertical and

one horizontal

platform (V3)

CLFG mice Weight gain,

Open Field

activity, relative

adrenal weights

and home-cage

activity

(movement

within cages)

Significantly higher body

weight gain and Open Field

activity, but similar relative

adrenal weights and home-

cage activity in V3 and NE

groups (significantly lower than

V1 and V2 groups).

BARNARD et

al. (1996)4

Perspex shelves

and Perspex

nest box

CFLP males Aggression

(attacks within

cages), IgG

levels,

testosterone

and

corticosterone

concentrations

Increased aggression (higher

number attacks within cages),

but higher IgG levels and lower

testosterone and

corticosterone concentrations.

ESKOLA et
al. (1999b)4

Nesting material
(aspen wood-
wool)

BALB/c and

C57BL/6 mice

Fighting in

cages, daily

active/passive

behaviour,

preference for

resting

No effect on fighting in cages

or daily active/passive

behaviour (contact with nest

material or contact with other

mice), but clear preference for

resting (nest material used,

more time spent in nest).

NEVISON et

al. (1999)4

Nesting material
(shredded
tissue) and a
clear Perspex
tunnel

TO, ICR,

BALB/c,

C57BL/6,

CBA/ca, DBA/2

male mice

Aggression,

stereotype,

testosterone

and IgG levels,

adrenal weights

No effect on aggression

(fighting with cagemates), but

more stereotypes, higher

testosterone, higher IgG levels

and lower adrenal weights.

1.5.2. Does enrichment affect experimental results?

Extensive literature has been accumulated in related fields, such as basic animal biology,

behaviour, stress biology and immunoreactivity. Even though the assessment of animal

well-being per se has not been a primary goal in many of these studies, much of this
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information is likely to be useful in developing a better understanding of the effects of

environmental enrichment (MANOSEVITZ & JOEL 1973, HUCK & PRICE 1975, HENDERSON

1976, HULL et al. 1976, CHEAL 1987, SALVIN et al. 1990, WIDMAN et al. 1992, SCHROTT et

al. 1992, CARLSTEAD & PETITTO et al. 1994, PRIOR & SACHSER 1994, BARNARD et al. 1996,

Kingston & Hoffman-Goetz 1996, vAN DE WEERD et al. 1997, CHAPILLON et al. 1999, PHAM

et al. 1999, TSAI & HACKBARTH 1999, VARTY et al. 2000, FARRELL et al. 2001, ROY et al.

2001, HOCKLY et al. 2002).

Some of these studies showed that the mean values of behavioural tests (such as the

Open Field, Running Wheel, Dish, Barrier and Elevated Plus Maze test) and

immunological response (such as IgG level) were affected by environmental enrichment.

1.5.2.1. Are the effects of enrichment consistent in different rack systems?

Recently microenvironmental systems, such as pressurized, individually ventilated caging

systems and forced-air-ventilated systems have been used increasingly in many studies

to reduce cross contamination. There have been many investigations of the impact of

these systems, including studies on the health of animals, the air exchange rate, the

sound level, the relative humidity and temperature within cages and the concentration of

ammonia and CO2 in the cages (KELLER et al. 1983, WU et al. 1985, YAMAUCHI et al.

1989, CORNING & LIPMAN 1991, LIPMAN et al. 1992, IWARSSON & NORÉN 1992, HUERKAMP

1993, KUROSAWA et al. 1993, CLOUGH et al. 1995, PERKINS & LIPMAN 1995, YOSHIDA et al.

1995, PERKINS & LIPMAN 1996, HASEGGAWA et al. 1997, REEB et al. 1997, ISHII et al. 1998,

REEB-WHITAKER et al. 1999, RENSTRÖM et al. 2001, HÖGLUND & RENSTRÖM 2001). But

information about the effects of different rack systems on breeding performance is still

limited.

Furthermore the effects of enrichment in the different rack systems have never been

studied. In order to compare different studies, it is necessary to understand the interaction

between enrichment and rack system before enrichment can be recommended as a

regular housing condition for research.

1.5.2.2. Are the effects of all enrichment designs consistent?

Various enrichments have been reported as possible designs for laboratory mice on the

basis of preference tests. Only a few studies have compared the effects of different

enrichment designs (CHAMOVE 1989b, BERGMANN et al. 1994/95, DAHLOBORN et al.  1996,

VAN LOO et al. 2002). According to the results of these studies, there are no consistent

effects of the various enrichment designs on Open Field test, body weight/body weight
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gain, body fat and relative organ weights; so it is indispensable to collect more specific

information about the effects of different enrichment designs.

1.5.2.3. Is enrichment suitable for every strain and sex?

Some previous studies have focused on the reaction patterns of different strains and

sexes to enrichment. CHAPILLON et al. (1999) reported that BALB/c and C57BL/6 mice

reacted to enrichment differently in the Elevated Plus Maze test, as decreased anxiety

(indicated by more time spent in the open arm) was found only for BALB/c mice due to

enrichment (with wheels, plastic boxes connected by tunnels and pieces of plastic).

NEVISON et al.  (1999) demonstrated that the effects of enrichment (nesting material and a

Perspex tunnel) on outbred (ICR and TO) and inbred (BALB/c, C57BL/6, CBA/Ca and

DBA/2) male mice were strain-dependent. Similar findings have been reported in previous

studies (vAN DE WEERD et al. 1994, DAHLOBORN et al. 1996, TSAI & HACKBARTH 1999).

In addition PRIOR & SACHER (1994/95) demonstrated a significant housing difference in

the Elevated Plus Maze performance in male, but not in female groups. And vAN DE

WEERD et al.  (1997) observed that the Open Field activity of BALB/c male mice was

increased due to enrichment, while enriched females showed a decreased Open Field

activity.

As these previous studies have demonstrated that there are different reaction patterns to

enrichment among strains and between sexes, it is necessary to collect more information

about such effects.

1.5.2.4. Does enrichment affect the variation?

In contrast to the comparison of group means, only a few studies have considered

detecting the effect of enrichment on variation. ESKOLA et al. (1999a) demonstrated that

enrichment influenced the variation of enzyme parameters (such as GGT, LDH, ALAT), so

that a higher number of rats is required. GÄRTNER (review 1999) mentioned that the

minimum number of mice needed for experiments (corticosterone, body weight, testis

weight and Aluminium-Foil behavioural test) can be increased from 1.4 to 4.7 times due to

enrichment. MERING (2000) estimated the appropriate number of rats based on the

experiments of KALISTE-KORHONEN et al. (1995), ESKOLA et al. (1998, 1999a, 1999c). The

data showed that the effects of environmental enrichment depend on the type of

enrichment and the variables studied. In general, the minimum number of rats required

was increased for clinical chemistry parameters (AFOS, ASAT, triglycerides, GGT, LDH,

corticosterone) due to enrichment.
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As a wide variety of enrichment designs is under consideration for laboratory rodents,

there is still a need to increase our knowledge about the effects of enrichment in variation.

1.5.3. The optimal enrichment for laboratory rodents

Basically, the enrichment items should be safe for both, animal and caretaker, and be

economical for use with large numbers of animals. The items should also be easy to clean

or replace (for hygiene maintenance), designed so that the animals will actually use them

(OROK-EDEM AND KEY 1994, CHMIEL AND NOONAN 1996) and should not encourage

territorial behaviour or aggression. For enrichment to be implemented in laboratories on a

broad basis, it needs to be easily incorporated into different husbandry systems

(SCHARMANN 1991, SHERWIN 1997) and generally valid for each species (despite possible

strain differences)(KROHN 1998). All materials must be cost-effective (NEWBERRY 1995)

and not interfere with the purpose of the studies in which they are used (NEVISON 1999,

NEVALAINEN 2001).

1.6. The Fourth R in Laboratory Animal Science

As laboratory animals are used for scientific purposes, the consideration of housing

laboratory animals should not only be focused on animal well-being, manpower and

economics, but also on the precision and accuracy of the experimental results.

Thus NEVALAINEN (2001) has suggested that the fourth R, “Responsibility”, should be

implemented into laboratory animal science instead of the Three R’s, as it is the

responsibility of scientists to demonstrate precise and accurate experimental results.

1.7. Aim of the Present Study

Instead of animal well-being, the focus of present study was the impacts of environmental

enrichment on breeding performance, physiological traits (such as haematological data,

body weight and relative organ weights) and behavioural performance, including the group

means and variation. The overall goal of the present study was to investigate the

genetically determined range of the adaptation ability of mice to environmental changes

as well as the intrinsic value of the intangible variance. Knowledge of the range of

variability and the value of the intangible variance will improve animal experiments due to

the selection of a specific or distinct proposal for a given study.

Feral mice are known be a good climbers with the ability and need to gnaw extensively;

furthermore most feral mice build nests and construct complex burrow systems (WARD

1991, BRAIN 1992). In consideration of these facts, two types of enrichment were chosen

for the present study to evaluate the effects of enrichment. They contained: 1) a nest box,
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a wooden climbing bar and nest material according to SCHARMANN 1993 and 2) horizontal

and vertical dividers, modified from HAEMISCH & GÄRTNER 1994 (see Appendix 9.3.1.).

The purpose of the former was to meet the nest building and climbing behavior of mice;

the later was to offer the animals a burrowing system.

The first experiment of this study was focused on the breeding performance of DBA/2

mice, to compare the effects of different rack systems, an individually ventilated cage

rack, a ventilated cabinet and a standard open rack system, and to evaluate the influence

of long-term (30weeks) environmental enrichment (SCHARMANN ‘s design) in these

different systems. As this design was assumed to meet the nest building behaviour

requirements of mice, enriched groups of DBA/2 mice would hypothetically show an

improvement in breeding performance.

Following the first experiment, non-breeding DBA/2 mice were used to compare the

effects of SCHARMANN‘s and HAEMISCH’s designs on the physiological traits and

behavioural performances. According to previous studies (see 1.5.2.), enriched groups

were expected to show higher activity during behavioural tests and unaffected

physiological data.

As strain differences have been observed in previous studies (FESTING 1979, HANSEN et

al. 1982, SOUTHWICK et al.  1982, KVIST 1984, MORSE et al. 1993, FOX & WITHAM 1997,

FESTING 1998, VAN GAALEN & STECKLER 2000), three widely used inbred strains, A/J,

BALB/c and C57BL/6, were chosen for the third and fourth experiments. The aims of both

experiments were to determine whether there are strain differences in the reaction to

enrichment (SCHARMANN ‘s and HAEMISCH’s designs) as assumed.

The results of these sequential experiments were expected to give an overview on the

genetic differences of the adaptation process and the effects of different enrichment

designs on physiology and behavioural performance, including the group means and

variability.

An overview of the design of this study is given in Table 1-4. Experimental procedures are

described in 2.4, 3.4, 4.4 and 5.4.
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Table 1-4: Overview of this study

Experiment Animals Aim of experiment

1

DBA/2 breeding

pairs

Comparison of the effects of different rack systems on breeding

performance in combination with long-term (30 weeks)

environmental enrichment

2 Non-breeding

DBA/2 mice

Evaluation of the effects of two different enrichment designs on

physiological traits (haematological data, body weight and

relative organ weights) and behavioural performances (Open

Field, Food Drive and Elevated Plus Maze tests).

3 & 4
Non-breeding

A/J, BALB/c and

C57BL/6 mice

Investigation of the reaction patterns of different strains to

environmental enrichment on physiological parameters

(haematological data, body weight and relative organ weights)

and behavioural performances (Open Field, Food Drive and

Elevated Plus Maze tests).
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2. The Effects of Enrichment in different Rack Systems

on the Breeding Performance of DBA/2 Mice
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2.1. Summary

Housing systems for laboratory animals have been developed over a long time.

Microenvironmental systems such as positive, individually ventilated caging systems and

forced-air-ventilated systems are increasingly used by many researchers to reduce

cross contamination between cages.

There have been many investigations of the impact of these systems on the health of

animals, the light intensity, the relative humidity and temperature of cages, the
concentration of ammonia and CO2, and other factors in the cages.

The aim of the present study was to compare the effects of different rack systems and to

understand the influence of environmental enrichment on the breeding performance of

mice.

Sixty DBA/2 breeding pairs were used for this experiment. Animals were kept in three

rack systems: a ventilated cabinet, a normal open rack and an individually ventilated

cage rack (IVC rack) with enriched or non-enriched type II elongated Makrolon cages.

Reproduction performance was recorded from 10 to 40 weeks of age.

In all three rack systems there was a similar breeding index (pups/dam/week) in non-

enriched groups during the long-term breeding period, but the coefficients of variation in

the IVC rack were higher for most parameters.

This type of enrichment seems to lead to a decrease in the number of pups born,

especially in the IVC group. However, there was no significant difference in breeding

index (young weaned/female/week).

Key Words: Inbred mice, breeding performance, ventilated cabinet, individually

ventilated cage, environmental enrichment.
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2.2. Introduction

Housing systems for laboratory animals have been developed over a long time.

Recently, microenvironmental systems such as positive, individually ventilated caging

systems and forced-air-ventilated systems are increasingly used by many researchers,

to reduce cross contamination between cages.

For example, at the Jackson Laboratory pressurized, individually ventilated (PIV) cages

were used to house weaned mice. This system reduced cross contamination between

cages and the transmission of Pneumonia Virus of mice and ammonia production, while

it increased the number of cages for a given floor area up to 40%, due to the decreased

space between shelves (Les 1983, Cunliffe-Beamer & Les 1983).

Similar designs have been developed, most to reduce microbiological contamination.

There have been many investigations of the impact of these systems on the health of

animals, the light intensity, the air exchange rate, the sound level, the relative humidity
and the temperature within cages, the concentration of ammonia, CO2, acetic acid, and

sulfur dioxide in the cages, the containment level, the biomass, the airborne dust

particles or the airborne bacteria. (KELLER et al. 1983, WU et al. 1985, YAMAUCHI et al.

1989, CORNING & LIPMAN 1991, LIPMAN et al. 1992, IWARSSON & NORÉN 1992,

HUERKAMP 1993, KUROSAWA et al. 1993, CLOUGH et al. 1995, PERKINS & LIPMAN 1995,

YOSHIDA et al. 1995, PERKINS & LIPMAN 1996, HASEGGAWA et al. 1997, REEB et al. 1997,

ISHII et al. 1998, REEB-WHITAKER et al. 1999, RENSTRÖM et al. 2001, HÖGLUND &

RENSTRÖM 2001).

Moreover, these microenvironmental systems have also increasingly been used for

breeding purposes in animal facilities, especially for transgenic animals, but there is very

limited information on the impact of these systems on the reproduction performance.

The present study was focused on the breeding performance of animals, to compare the

effects of different rack systems: an individually ventilated cage rack, a ventilated cabinet

and a normal open rack system, and to understand the influence of environmental

enrichment in these different rack systems.
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2.3. Material and Methods

2.3.1. Animals

60 DBA/2 mice breeding pairs (Charles River Company, Sulzfeld, Germany) were used

for this experiment. At 10 weeks of age animals were marked (using ear puncture) and

randomly distributed to the three rack systems with 20 breeding pairs per system, 10 pairs

each for enriched and non-enriched cages. For synchronisation of oestrous cycles

(Witten-effect) some bedding from the male cages was transferred to all female cages one

day before animals were regrouped to breeding pairs.

2.3.2. Environment

The animals were kept in three different rack systems: a ventilated cabinet (Scantainer,

Scanbur Company, Køge Denmark), a normal open rack and an individually ventilated

cage rack (VR-IVC, Charles River Company, Sulzfeld Germany). All rack systems were

kept in the same animal room under SPF conditions at a room temperature 22 ± 1°C,

with 55 ± 10% relative humidity, a 12/12 hour light/dark cycle and a light intensity of 120-

150 Lux (measured 100 cm above the floor).

2.3.3. Housing

All cages were type II elongated Makrolon cages (32.5 x 16.5 x 14 cm, Charles River

Company, Sulzfeld Germany). The enriched cages contained a nest box (12 x 7 x 4.5

cm), a wood bar (13 cm x 7.5 cm, pine) for climbing, and nesting material (nestlets,

cotton fiber, 5 x 5 cm, EBECO Company, Castrop-Rauxel Germany) (modified from

Scharmann, 1993). An enriched cage is shown in Figures 1 and 2.

2.3.4. Food and water

Tap water in drinking bottles and pelleted food containing 22.5% protein, 5.0% fat, 4.5%

fibre and 6.5% ash (Altromin No. 1310, Altromin GmbH, Lage Germany) were given ad

libitum.

2.3.5. Bedding:

70-80 g wood shavings were used for bedding (Altromin Type 3-4, Altromin GmbH, Lage

Germany). Cages and bedding were changed once a week.
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Figure 2-1: Enriched cage
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( Nest box )

( Light )

( Air flow in IVC cages )

Figure 2-2: The structure of enriched cage.

(After changing cages, wood bar, nest box and nest material were always

placed in the same area, as the Figure shows, although animals might move

nest box and nest material into other areas)

2.3.6. Health monitoring:

As infections could be the reason for differences in breeding performance and variance,

at the end of the experiment the health of retired breeders was monitored as

recommended by FELASA (Kraft et al. 1994).
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2.4. Experimental Design

Following 4 weeks of adaptation, at 10 weeks of age the animals were marked and

randomly separated to the three rack systems described above. Breeding pairs were kept

together (one pair/cage) during the experimental period from October to June.

After regrouping to one breeding pair per cage, reproduction performance factors were

recorded until 40 weeks of age, including litter size, number of pups weaned and body

weight at weaning.

2.5. Statistic

Data were analysed by StatView 4.5 software (Abacus Concepts, Inc., Berkeley, CA,

1994) to calculate the mean values and the coefficients of variation of each group. All

parameters were compared using a two-factorial analysis of variance with the factors 'rack

system' and 'housing' (significant level 5%), to analyse the effect of the rack systems, the

housing and the rack systems x housing interaction (Lee 1999).

During the experiment some females died while giving birth, and in one male the testes

did not develop. This data is not included in the statistical analysis.

The total number of pregnancies included: 1. the number of females that gave birth (N1)

and 2. the pregnancies estimated according to the weight development curve when the

female’s body weight continuously increased over 2 weeks and showed a clear decrease

in the third week (N2), or when female’s body weight continuously increased over 1 week

and showed a clear decrease in the following week (N3). The abortion rate was estimated

by the relative number of pregnancies (N1+N2+N3) and litters for each female.

2.6. Results

2.6.1. Breeding performance

2.6.1.1. Total number of litters per dam

Similar results were found in the non-enriched groups of the Scantainer and the open

rack. There was a slightly lower number in the IVC rack, but no significant rack difference

was found (F2,24=0.528; P=0.5963; Table 2-1).

In comparison to non-enriched groups, enriched groups showed a decrease in the total

number of litters per dam (F1,47=3.681; P=0.0611), especially in the IVC rack (Table 2-1).

A significant rack difference was also found in the enriched groups (F2,23=3.554;

P=0.0452).
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2.6.1.2. Total number of pups born per dam

There was no significant rack difference in the housing conditions. But although there

were no differences in the Scantainer and the open rack, in the IVC rack there was a

higher number in the non-enriched group and a smaller number in the enriched group

(Table 2-1). Moreover, enriched groups had a significantly smaller number of pups born

per dam (F1,47=6.055; P=0.0176; Table 2-1).

2.6.1.3. Breeding index per dam

Similar data were found in non-enriched groups. In comparison to non-enriched groups,

enriched groups showed a decrease in this variable, especially in the Scantainer and the

IVC rack, but this did not reach a significant difference for housing. Nevertheless

enriched groups showed an increased coefficient of variation (Table 2-1).

2.6.1.4. Pups' body weight

Even though a significant difference was found between racks under non-enriched

housing conditions (F2,404=5.043; P=0.0069), enriched groups had a similar body weight

of pups at weaning (Table 2-1). The pups of enriched groups also had significantly higher

body weights in comparison to non-enriched groups (F1,705=59.466; P=<0.0001).

2.6.1.5. Age of dam at first birth

On average the dams in the IVC rack under both housing conditions produced first litters

later than the others, and all enriched groups delivered later than non-enriched groups.

However there was no significant difference due to housing and rack (Table 2-1).

2.6.1.6. Age of dam at first weaning

In non-enriched groups the pups in the IVC rack were also the last one to be weaned, but

those in Scantainer in the enriched group were the last (Table 2-1). In comparison to non-

enriched groups enrichment caused a delay in the age of dam at first weaning in all rack

systems, although this did not reach a significant housing difference.

2.6.1.7. Litter interval

The results for the interval between litters were similar, as the IVC rack produced the

longest interval and enrichment led to an increase (F1,45=4.4063; P=0.0498) in the litter

interval in all rack systems (Table 2-1).
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Table 2-1: Breeding performance in different rack systems and housing conditions

Non-Enriched

Scantainer

5.9

Open Rack

5.6 

IVC

4.9

Rack difference

p = 0.5963

Housing difference

Total No. of litters / dam ( CV ) 

Enriched

( 23% )

5.6
( CV ) 

Non-Enriched

( 37% )

24.4

( 29% ) 

4.6

( 61% )

2.8
( 54% ) 

24.1

( 71% )

26.2

p = 0.0452 s

p = 0.0611

p = 0.9370
Total No. pups of born / dam ( CV ) 

Enriched

( 31% )

17.6
( CV ) 

Non-Enriched

( 86% )

0.539
Breeding Index 

( young weaned/ female/ week )

( CV ) 

Enriched

( 47% )

0.386
( CV ) 

Non-Enriched

( 100 % )

6.9

( 47% )

17.3

( 71% )

13.4
( 69% )

0.490

( 84% )

0.527

p = 0.7315

p = 0.0176 s

p = 0.9412
( 51% )

0.469

( 77% )

0.348
( 82% )

6.4

( 103 % )

6.8

p = 0.7804

p = 0.2038

p = 0.0069 s
Body weight of pups weaned

(18 days, g)

( CV ) 

Enriched

( 16% )

7.4
( CV ) 

Non-Enriched

( 18% )

89.5
Age of dam at first birth (day) ( CV ) 

Enriched

( 4% )

98.0
( CV ) 

Non-Enriched

( 14% )

131.3

( 22% )

7.5

( 21% )

7.4
( 16% )

92.2

( 17% )

96.1

p = 0.5331

p < 0.001 s

p = 0.7188
( 9% ) 

95.4

( 27% )

104.2
( 13% ) 

129.8

( 21% )

156.3

p = 0.5400

p = 0.1653

p = 0.8993
Age of dam at first weaned (day) ( CV ) 

Enriched

(39 % )

178.4
( CV ) 

Non-Enriched

( 54 % )

31.8
Litters interval (day)

* N = 9 in all non-enriched groups; N = 7, 9, 10 in Scantainer, Open rack and IVC enriched group

( CV ) 

Enriched

( 24% )

33.2
( CV ) ( 27% )

( 29% )

156.3

( 47% )

165.4
( 51% )

28.5

( 49% )

36.3

p = 0.6443

p = 0.2658

p = 0.5706
( 17% )

41.6

( 70% )

46.7
( 38% ) ( 33% )

p = 0.1872

p = 0.0498 s

* CV : the coefficients of variation (SD/mean, %)

* s: significant difference

2.6.1.8. Rack x housing interaction

A significant rack systems x housing interaction was found only for the body weight of

weaned pups (F2,705=4.097; P=0.0170).
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2.6.2. The number of pups born and weaned per dam versus breeding age

The number of pups born/week/dam and the number of pups weaned/week/dam versus

breeding age are shown in Figures 3-8. The breeding period was divided into three equal

phases for analysis of the differences between phases (Table 2-2 & 2-3).

2.6.2.1. The number of pups born/dam/week versus breeding age

In general a significant difference between phases was found in non-enriched groups

(F2,72=3.6513; P=0.0309), but not in the enriched groups (F2,72=2.8793; P=0.0629). The

development of breeding results of open rack and IVC rack for non-enriched groups is

similar, showing an increase in the middle phase and a decrease from the middle phase

onwards till the end of this experiment, while the Scantainer showed a slight decrease

during the whole experiment (Table 2-2).
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Figure 2-3: The number of pups born/dam in the Scantainer
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Figure 2-4: The number of pups born/dam in the open rack
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Figure 2-5: The number of pups born/dam in the IVC rack
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Of the enriched groups, Scantainer and IVC groups had a higher number of pups born at

the middle phase in comparison to the beginning phase and the end, while the open rack

enriched group had a decrease in the middle phase and a slight increase from the middle

phase onwards till the end of this experiment (Table 2-2). Moreover, from the middle

phase on all enriched groups had a significantly lower number of pups born in

comparison to the non-enriched groups (F1,47=4.6477; P=0.0362 at the middle phase;

F1,47=6.4404; P=0.0145 at the end).

Table 2-2: The number of pups born/ female/ week in different breeding periods under different
                 rack systems and housing conditions

Phase Scantainer Open Rack IVC Rack difference Period difference

Non-Enriched

Beginning
( CV ) 

0.951
( 49% )

Middle
( CV ) 

0.926
( 51% )

0.877
( 62% )

0.889
(70% )

1.1235
( 50% )

1.1498
( 71% )

p = 0.9538

p = 0.3568 p = 0.0309 s

End
( CV ) 

0.840
( 60% )

Beginning
( CV ) 

0.778
( 100 % )

Enriched Middle
( CV ) 

0.889
( 82% )

End
( CV ) 

0.286
( 138% )

0.691
( 71 % )

0.605
( 100 % )

0.790
( 74 % )

0.500
( 69 % )

p = 0.6473

p = 0.4718

0.531
( 113% )

0.767
( 105% )

0.605
( 89% )

0.222
( 149% )

p = 0.5961 p = 0.0629

p = 0.1489

* N = 9 in all non-enriched groups; N = 7, 9, 10 in Scantainer, Open rack and IVC enriched group
* CV : the coefficients of variation (SD/mean, %)
* s: significant difference
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2.6.2.2. The number of pups weaned/dam/week versus breeding age

The open rack and IVC rack non-enriched groups showed higher numbers in the middle

phase, while in the Scantainer the non-enriched group had a slightly lower number in the

middle phase (Table 2-3).

For the enriched groups, the number decreased in Scantainer and open rack over time,

while the group in the IVC rack showed higher numbers in the middle phase (Table 2-3).

Although in the beginning phase all non-enriched groups had a higher number of pups

born per dam in comparison to enriched groups, the groups in the Scantainer and open

rack under non-enriched conditions had a lower number of pups weaned in comparison to

the enriched groups.

A significant difference between phases was found in both housing conditions

(F2,72=3.9561; P=0.0234; F2,72=4.2169; P=0.01887), although a significant housing

difference was found only at the end (F1,47=5.1164; P=0.0187).
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Figure 2-6: The number of pups weaned/dam in the Scantainer
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Figure 2-7: The number of pups weaned/dam in the open rack
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Figure 2-8: The number of pups weaned/dam in the IVC rack
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Table 2-3: The number of pups weaned/ female/ week in different breeding periods under different
                 rack systems and housing conditions

Phase Scantainer Open Rack IVC Rack difference Period difference

Non-Enriched

Beginning
( CV ) 

0.593
(81% )

Middle
( CV ) 

0.469
(95% )

0.420
( 133.2% )

0.321
( 104% )

0.728
( 59% )

0.975
( 75% )

p = 0.4685

p = 0.1721 p = 0.0234 s

End
( CV ) 

0.556
( 62 % )

Beginning
( CV ) 

0.635
( 107 % )

Enriched Middle
( CV ) 

0.476
( 100% )

End
( CV ) 

0.048
( 264% )

0.321
( 92 % )

0.284
( 169 % )

0.617
( 88 % )

0.378
( 98% )

p = 0.2806

p = 0.5172

0.432
( 132% )

0.544
( 122% )

0.358
( 99% )

0.122
( 216% )

p = 0.9158 p = 0.0187 s

p = 0.0860

* N = 9 in all non-enriched groups; N = 7, 9, 10 in Scantainer, Open rack and IVC enriched group
* CV : the coefficients of variation (SD/mean, %)
* s: significant difference

2.7. Discussion

The data showed that the dams in the IVC rack had a lower total number of litters per

dam and that enrichment led to a significant decrease in all three rack systems,

especially in the open rack and IVC rack. For this reason the abortion rate of females in

all rack systems was compared (Figure 2-9).
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In comparison to the Scantainer and the open rack, in the IVC rack there was an increase

in the estimated abortion rate under both housing conditions. Rack difference was found

in the enriched group  (F2,23=3.383; P=0.0442), mainly due to the significant difference

between Scantainer and IVC rack (Figure 2-9). In the open and the IVC racks, enriched

groups had a higher abortion rate than non-enriched groups, although overall no

significant housing difference was found (F1,47=3.174; P=0.0813), due to the very small

difference between enriched and non-enriched groups in Scantainer. In addition there

was a high correlation between the total number of litters per dam and the estimated

abortion rate (P < 0.001). Since N2, but not the N3, could be also detected when animals

were weighed, another statistic analysis was performed in which N3 was not included in

the number of pregnancies. Similar results were also found in the additional analysis,

which seems to indicate that abortion could be a possible reason for the lower number of

litters per dam during the experiment.

Figure 2-9: Abortion per dam of different rack systems and housing conditions 
(Abortion = the total number of litters/ the total number being pregnant, %)
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In the present study the results of non-enriched groups were similar to those reported by

REEB-WHITAKER et al. (2001). Their data on the breeding performance of C57BL/6J mice

(non-enriched cages changed every week) in non-ventilated racks and IVC racks showed

that the number of pups born per dam in the IVC rack was slightly higher than in the non-

ventilated rack, but the pre-weaning mortality was higher in the IVC rack and the overall

number of mice weaned per dam was similar in both racks.
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There are several factors to explain these results. First, in both studies racks were kept in

the same animal room, so that the noise which is produced by IVC racks would also

affect other racks. Secondly, the breeding performance data in both experiments were

collected for at least 7 months, so the animals had more time to adapt the IVC rack and

to increase their breeding capabilities. Thirdly, due to the protection of a closed cabinet,

the noise effect on the animals in the Scantainer may be decreased, leading to a better

reproduction rate in this experiment. Thus the difference between the IVC rack and the

open rack may have been decreased, resulting in the similar breeding performance in the

Scantainer and the open rack.

Table 2-3 shows that Scantainer and open rack enriched groups had a higher number of

pups weaned in comparison to non-enriched groups in the beginning phase, even though

the number of pups born in non-enriched groups was higher. It seems that enrichment

may have a positive effect on raising pups in the first breeding phase. This might be the

reason why a significant housing difference was found in the total number of pups born,

but not in the total number of pups weaned.

Since females, which had fewer pups, often raised them better than those with more

pups, the effect of enrichment was not clear at second and third phases, due to the fact

that enriched groups had a lower number of pups born.

Although in the beginning phase the number of pups born of the non-enriched group in

the IVC rack was similar to those in the Scantainer, the difference between Scantainer

and IVC rack in the total number of pups weaned increased over time (Tables 2-2 & 2-3).

As this phenomenon was not observed in the middle phase, this may indicate that

animals need some time to adapt to the environment of the IVC rack. The animals which

were kept in the open rack also showed similar results. This phenomenon might be due

to the noise which was produced by the IVC rack. Moreover, the coefficients of variation

of groups in the IVC rack were often higher (Table 2-1); this may suggest that there are

individual differences in the capability of animals to adapt to the IVC rack.

Nevertheless the main effect of enrichment was a decrease in the number of pups born

per dam. The reason for the lower number of pups born was the higher abortion rate in

the open and the IVC racks and a lower number of pups born per litter in the Scantainer.

Perhaps the effect of airflow was increased, as the air passed through the nest box,

possibly leading to the lower number of pups born per dam. The higher abortion rate may

have been due to the fact that some of the animals which were kept in enriched cages

were more active. Furthermore, the cotton nest material may have influenced breeding
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performance negatively, as has been described for cellulose bedding material (ITURRIAN

AND FINK 1968). However, further study is needed.

In summary, it seems the mice used in this study needed more time to adapt to the IVC

rack than to the Scantainer and the open rack, and that there is an individual difference in

the capability of animals to adapt to the IVC rack, although over a long breeding time

there was a similar breeding index for non-enriched groups in all three rack systems.

The type of enrichment used in this study seems to lead to a decrease in the number of

pups born, especially in the IVC group. However, there was no significant difference in

breeding index (young weaned/female/week).
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3. Are the effects of different enrichment designs on the

physiology and behaviour of DBA/2 mice consistent?
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3.1. Summary

Environmental enrichment is often considered as a possible way to improve the well-being

of laboratory animals. Although many researchers have indicated that environmental

enrichment might be a possibility of enhancing animal well-being, there is some evidence

that enrichment differs in its effects on physiology (such as relative organ weights) and

behaviour (such as the Open Field, Running Wheel, Dish, Barrier and Elevated Plus Maze

test) between strains. The present study focuses on the effects of different enrichment

designs on the physiology (haematological variables, body weight and organ weights,

corticosterone and thyroxine levels) and behaviour (Open Field, Food Drive and Elevated

Plus Maze performance) of male and female DBA/2 mice.

A total of 48 DBA/2J mice (24 males and 24 females) obtained from Elevage Janvier, were

used for this experiment. Upon arrival at about 3 weeks of age, the animals were marked

and randomly allotted to three experimental groups: NE, non-enrichment; E1, enriched

with nest box, wooden climbing bar and nest material according to SCHARMANN 1993; E2,

enriched with horizontal and vertical dividers, modified from HAEMISCH and GÄRTNER

1994. Same-sex groups of four mice were housed for 12 weeks in type III Makrolon cages

with (E1 or E2) or without (NE) enrichment objects. Behavioural performance and

physiological traits were measured.

This study observed that enrichment had significant effects on the mean values of body

weight (at 14 weeks of age), Open Field and Food Drive performances. The most

significant housing differences were found between the E2 and NE/E1 groups.

Furthermore, sex differences in the NE, E1 and E2 groups were not consistent for several

variables (body weight, relative spleen, kidney and heart weights, Food Drive and

Elevated Plus Maze behavioural tests).

There was often a higher coefficient of variation (CV) in the E1 and E2 groups as

compared to the NE group, chiefly in physiological traits and in the Open Field and Food

Drive tests.

The results of this study indicate, that the effects of enrichment designs used in the

present study are not consistent, but vary according to sex and the variable studied.

Key words: DBA/2 mice, environmental enrichment, behavioural test, haematology, organ

weights.



50

3.2. Introduction

The correlations or interactions of environment and genotype are regarded as part of the

environmental variance responsible for the variability of quantitative characteristics of

laboratory animals (GÄRTNER et al. 1979).

Enrichment is currently considered a popular means for improving animal well-being, and

various enrichment designs have been recommended on the basis of preference tests.

The evaluation of enrichment has mostly been focused on the effects on behaviour, brain

functions, immunoreactivity, organ weights and other parameters (MANOSEVITZ & JOEL

1973, HUCK & PRICE 1975, HENDERSON 1976, HULL et al. 1976, WILL et al. 1977, CHEAL

1987, WIDMAN et al. 1992, SCHROTT et al. 1992, PRIOR & SACHSER 1994, BARNARD et al.

1996, vAN DE WEERD et al. 1997, CHAPILLON et al. 1999, TSAI & HACKBARTH 1999, VARTY

et al. 2000, FARRELL et al. 2001, ROY et al. 2001, HOCKLY et al. 2002).

A few studies have stressed the effect of enrichment on the variation instead of mean

values. Purves (1996) reported that enrichment reduced the variability of research results,

while other scientists (ESKOLA et al.  1999, Gärtner 1999, NEVALAINEN 1999,  TSAI &

HACKBARTH 1999, MERING 2001) have indicated that enrichment might enhance variation,

and thereby result in higher numbers of animals needed for an experiment. On the other

hand, enrichment may reduce the number of animals required for certain variables (TSAI &

HACKBARTH 2002a, MERING 2001). In previous studies TSAI et al. (2002a, 2002b)

observed that body weight, haematological data, organ weights and breeding index were

not significantly influenced by the enrichment design (nest box, wooden climbing bar and

nest material according to Scharmann 1993), but that enrichment apparently did have an

effect on the variation. These effects are strain- and test-dependent. Furthermore the

strain differences in body weight and haematological data were also affected by

SCHARMANN’s design.

Although a wide variety of enrichment items and materials is available, there is still only

limited information about the effects of different enrichment designs on mean values and

variation. In addition DBA/2 mice are the oldest inbred strain of mice, widely used for

general purpose (FESTING 1998) and for examining the patterns of variation between

inbred strains (BROWN 2002). But there is a lack of information about the effects of

environmental enrichment on their experimental results. Thus the present study focused

on the effects of different enrichment designs on physiological traits and behavioural

performance (Open Field, Food Drive and Elevated Plus Maze tests) of DBA/2 male and

female mice.
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3.3. Material and Methods

3.3.1. Animals

A totally 48 DBA/2 mice (24 males and 24 females) aged about 3 weeks obtained from

Elevage Janvier (Le Genest ST Isle France), were marked by ear puncturing and randomly

allotted to three experimental groups, with equal numbers of cages in same-sex groups of

four.

3.3.2. Environment

All animals were maintained in the same animal room, at a room temperature of 21 ± 1°C

and 50 ± 10% relative humidity, on a 12/12 hour light/dark cycle and at a light intensity of

150 ± 10 Lux (measured 100 cm above floor level). Sentinel animals were kept in the

same animal room using open cages and provided with dirty bedding from other cages

during the entire experimental period. They were checked for and free from all bacteria

and parasites listed in the FELASA recommendation (NICKLAS et al. 2002, see Appendix

9.4.) and the following viruses: MHV, Rotavirus, Parvoviruses (MVM, MPV), PVM, Sendai

and Theiler’s murine encephalomyelitis.

3.3.3. Housing

Two enrichment designs were used in this experiment, as shown in Figure 3-1.

Enrichment design 1 (E1 group according to Scharmann, 1993) contained a nest box (16

x 22 x 4.5 cm) constructed out of the bottom of a type II Makrolon cage as well as a

wooden climbing bar (16.5 x 8.5 cm, pine) and nesting material (cotton fibre Nestlets, 5 x

5 cm, EBECO, Castrop-Rauxel Germany). Enrichment design 2 (E2 group) contained

horizontal and vertical clear safety glass dividers (5 cm high), modified from HÄMISCH &

GÄRTNER (1994) (see Appendix 9.3). All animals were kept in type III Makrolon cages

(37.5 x 21.5 x 15 cm) (Scanbur, Køge Denmark) in the same animal room using open

racks, with (E1 or E2) or without (NE) enrichment.

3.3.4. Food and water

Tap water in drinking bottles and pelleted food containing 19.0% protein, 4.0% fat, 6%

fibre and 7% ash (Altromin No. 1324, Altromin GmbH, Lage Germany) were given ad

libitum.
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37.5 cm

21.5 cm

Figure 3-1: Enriched cages: above, E1; below, E2)

3.3.5. Bedding

As bedding, 130-140 g soft wood shavings were provided for each cage (Altromin Type 3-

4, Altromin GmbH, Lage, Germany). Cage and bedding were changed once a week

(always on Thursdays).

3.3.6. Test Methods

3.3.6.1. Test and sampling order

All tests and samplings were done sequentially in groups of three using one animal from

each housing group (NE, E1 and E2). Test and sampling order were inalterable until all of

the animals had been tested or sampled. Tests or sampling of the same variables was

completed within one week.

3.3.6.2. Behavioural tests

Open Field: The Open-Field method used here was modified from THOMPSON (1953) and

PRICE (1975). A 60 X 60 cm board was divided into 64 numbered squares and enclosed

by a wall 50 cm high. At the beginning of the test, each animal was placed in the central
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area as shown in Figure 3-2. The animal’s position was recorded every 4 seconds for 5

minutes by the number of the square occupied. Mice were tested between 9:00 and

12:00. The board was cleaned after each animal was tested. The light intensity on the

board was 2 ± 1 Lux.

Definition:

* Central area and corner are given in Figure 3-2.

* The position of the animal was recorded as the square where animal had placed its right

hind leg.

* Travel distance (crossing, cm) was measured between the centres of two recorded

squares within 4 seconds.

* Freezing is defined as a period when the animal stays in the same square for more than

4 seconds.

Corner Corner

Corner Corner

Central

area

Figure 3-2: The 60 x 60 cm board used for the Open Field and Food Drive tests

Food Drive: The Food Drive behaviour test used here was modified from REX et al.

(1996) using the same device as for the Open Field test. Ten pellets of fresh food were

placed in the central area as shown in Figure 3-2. The first touching time and the eating

time were recorded during the test.
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Before starting the test food was withheld for 12 hours, but water was available. During

this time a piece of paper towel was substituted for normal bedding. The same test order

as described above was always observed.

The animals were placed in the same corner at the start. The test was stopped when the

animals had not touched the food within 15 minutes. The board was cleaned between

each test. The animals were tested between 9:00 and 13:00. The light intensity on the

board was 2 ± 1 Lux.

Definition:

* First touching time (seconds) is the time elapsed until the animal came to the central

area and touched the food pellets for the first time.

* Eating time (seconds) was recorded as the time the animal stayed in the central area

holding the pellet continuously for more than 30 seconds.

Elevated Plus Maze: The Elevated Plus Maze method used here was modified from

MONTKOWSKI (1997). The test board consisted four 5 × 30 cm long arms, two open and

two enclosed, arranged in the form of a plus (Figure 3-3). The closed arms were

surrounded on three sides by walls 25 cm high. The central area measured 5 × 5 cm. The

Elevated Plus Maze was placed on a stand 80 cm high. The light intensity on the board

was 4 ± 1 Lux in the open arms, 2 Lux in the central area and 1 ± 1 Lux in the closed

arms.

30 cm

25 cm

 5 cm
 5 cm

 30 cm

 80 cm

Figure 3-3: Elevated Plus Maze
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Animals were placed in the central area facing one open arm. The total time in seconds

spent by the animals in either arm was recorded over a period of 5 minutes, as was the

frequency of entering open and closed arms and the central area. Following the

experiment the average time (seconds) spent in each area per entry was calculated.

Definition:

The area where the animal stayed was recorded when the mouse had placed both front

legs inside the area.

3.3.6.3. Haematological analysis

20µl of blood was sampled by retrobulbor venous puncture under light ether anaesthesia

with 20µl, heparin-coated capillary (No. 9100275, Hirschmann Laborgeräte, Germany)

and slowly mixed with dilute buffer (Heama-Line DIFF, Biochem Immunosystems Inc.,

Allemtown, PA, USA); the total volume was 20 ml. Diluted blood samples were analysed

by the Cell Counter System 9000 (Serono-Baker Diagnostics, Allentown PA, USA). The

items analysed included white blood cell count (WBC, x 109/L), the red blood cell count

(RBC, 1012/L), the concentration of haemoglobin (HGB, mmol/L) and the haematocrit

(HCT, %).  The hand counted value=0.395 x machine counted value (P=0.0121).

3.3.6.4. Euthanasia

At 15 weeks of age mice were moved from the animal room to the laboratory (within 30

seconds) and euthanised in their home cages. The cage cover was replaced by a safety

glass lid with a hole for a tube which CO2 was introduced into the cage at a flow rate of

6L/minute (HACKBARTH et al. 2000). All animals lost consciousness within 30 seconds and

stopped breathing within 2-3 minutes after CO2 was introduced into the cages.

To minimize the effect of sampling order on the values of corticosterone and thyroxine

(described by GÄRTNER et al. 1980, SHANKS et al. 1990, DAHLBORN et al.1996), four mice

were euthanised together in their home cage and sampling was done alternating in groups

of one cage per each group (NE, E1, E2). The sampling order was inalterable until all of

the animals had been euthanised.

3.3.6.5. Corticosterone (CORT) and Thyroxine (T4)

Blood samples were collected by heart puncture directly after euthanasia (7 days after

haematological analysis). After centrifuging the serum was pipetted into Eppendorf vials

(0.5 ml, Landgraf Laborgeräte, Langenhagen, Germany) and frozen at -20ºC. The
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corticosterone (ng/ml) and thyroxine (nmol/l) concentrations were measured using a

commercially available radioimmuno-assay (No. TKRC1 and No. TKT41, Diagnostic

Products Corporation, Los Angeles, CA, USA) in the Institute of Analytical Chemistry and

Endocrinology of the School of Veterinary Medicine Hannover.

3.3.6.6. Termination procedures

Following euthanasia, body weight was recorded, following by blood sampling and

weighing of organs (heart, liver, kidney, adrenal, spleen and uterus). After dissection the

organs were kept in a wet chamber (Petri dish with wet cotton) until weighing. Body

weights were determined using an electronic balance (Item number: E0D110, Ohaus

Corporation, Florham Park, USA), but a more sensitive balance (ST-200, Denver

Instrument Company, Denver, CO, USA) was used for organ weights.

3.4. Experimental design

Following one week of adaptation body weight, food intake and water intake were

recorded weekly from 4 weeks until 15 weeks of age. Open Field, Food Drive and

Elevated Plus Maze behavioural tests were performed at 9, 10 and 11 weeks of age,

respectively. Blood samples were collected at 14 weeks of age and WBC, RBC, HGB and

HCT were determined.

At 15 weeks of age body weights were recorded and blood samples, for CORT and T4

measurement, were collected. Organ weights (heart, liver, kidney, adrenal, spleen and

uterus) were measured after blood sampling. Health monitoring was performed at the end

of experiment using sentinel animals.

3.5. Statistics

Data were analysed using StatView software (version 5.0, SAS Institute Inc., Cary, NC,

USA, 1998). The mean values and the coefficients of variation (CV) of each cage were

calculated. All test items were compared using a two-factorial analysis of variance with the

factors sex and housing, followed by Scheffé test (significance level 5%) to analyse the

effect of housing and the response of sex under different housing conditions (Lee 1999).

Body weights were compared every week using the unpaired F-test to detect differences

between NE, E1 and E2 groups. The percentage of body weight gain during the entire

experiment was calculated as follows for comparing the growth rate (%) in the different

housing conditions: (final body weight – body weight at 3 weeks of age)/ body weight at 3

weeks of age.
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To achieve independence from mean values, the coefficients of variation (SD/mean value)

within cages were used instead of the variance (SD2) to compare the variation between

the NE and E1 or between the NE and E2 groups. The CV of each cage was calculated

separately. The average CV of each variable were pooled and compared using the

Wilcoxon signed rank test (nonparametric pair t-test). As the CV were not distributed

normally, the median was calculated.

3.6. Results

3.6.1. The effect of enrichment on body weight versus age

The body weights in different housing groups were computed for each week as shown in

Figures 3-4 and 3-5.

Males of the NE and E2 groups had comparable body weights. In comparison to the NE

and E1 groups, E2 mice had higher body weights from 5 to 9 weeks of age, becoming

similar to the NE and E1 groups from 10 weeks of age onwards until the end of this

experiment (Figure 3-4).
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Figure 3-4: Body weight of male DBA/2 mice versus age

During the entire experiment, females in the NE group had higher body weights than

those in E2 groups and the body weights of the E1 mice were intermediate for most

measurements (Figure 3-5). Significant housing differences were found only at 14 weeks

of age, between the NE and E2 groups (F=5.618, P=0.0366) and between the E1 and E2

groups (F=9.087, P=0.0094). There was no significant housing difference between the NE

and E1 groups.
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Figure 3-5: Body weight of female DBA/2 mice versus age (significant
housing difference was found at 14 weeks of age)

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); 
E2: Enriched group, modified from Haemisch & Gärtner (1994).

Both enriched male groups had higher growth rates (percentage of body weight gain) than

the NE group, while both enriched female groups showed lower growth rates in

comparison to the NE group (Figure 3-6). A sex difference was found in the E2 group

(F1,2=182.938, P=0.0054), but there was no sex difference in the NE and E1 groups.

There was a significant housing difference in growth rate between the NE and E2 groups

(F=0.301, P=0.0263).

Figure: 3-6: Interaction graph for growth rate

Sex difference                n.s.            n.s.                                 n.s.              s
                                 P= 0.2653     P= 0.0628                          P= 0.2653     P= 0.0054

( % ) ( % )

* Growth rate: 100 x (final body weight – body weight at 3 weeks of age)/ body weight at 3 weeks of age

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); E2: Enriched group,
modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference
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3.6.2. The effect of enrichment on behavioural performance

Significant housing differences were found in the Open Field and Food Drive tests (Tables

3-1 and 3-2). There was no significant housing difference in the Elevated Plus Maze test

(data given in Appendix 9.4).

In the Open Field test both enriched male groups showed higher activity (travel distance)

and less freezing in comparison to the NE group. Female E1 mice showed a lower activity

and higher freezing frequency than the NE mice, while the E2 mice had increased travel

distance and reduced freezing frequency in comparison to the NE mice (Table 3-1).

There is a significant housing difference in travel distance (F2,6=14.905, P=0.0047) due to

the differences between the NE and E2 mice (Scheffé test P=0.0135) and the E1 and E2

mice (Scheffé test P=0.0072). A significant housing difference was also found in freezing

frequency (F2,6=9.942, P=0.0125) due to the difference between the NE and E2 mice

(Scheffé test P=0.0236) and that between the E1 and E2 mice (Scheffé test P=0.0236).

   Table 3-1: The mean value ± SD of open field behavioural test

Item Housing

NE

Female

1646.3 ± 241.4

Male

1470.8 ± 246.2

Housing difference

Travel distance (cm)

Freezing (frequency)

E1

E2

1426.5 ± 337.2

2017.8 ± 391.6

NE

E1

21.8 ± 2.4

23.5 ± 9.1

1564.4 ± 405.5

1971.6 ± 268.5

P = 0.0047 s

24.6 ± 3.7

22.9 ± 8.0 P = 0.0125 s

* NE: Non-enriched group; E1: Enriched group 1, according to Scharmann (1993); E2: Enriched group 2, modified from
  Haemisch & Gärtner (1994).
* s: Significant difference

E2 15.8 ± 4.9 18.0 ± 6.9

During the Food Drive test, males of the E1 group needed more time to reach the central

area to touch food, while mice of the E2 group needed less time than those of the NE

group. Both enriched groups started to eat food later than the NE group. The difference

between the NE and E1 groups was larger than that between the NE and E2 groups.
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Female mice of the E1 and E2 groups required more time before they reached the central

area to touch or to eat food. Mice of the E2 group touched food earlier than mice of the E1

group, but started to eat food later than those of the E1 group.

A significant housing difference was found in the first touching time (F2,6=6.605,

P=0.0047), mainly due to the difference between the E1 and E2 groups (Scheffé test

P=0.0334).

   Table 3-2: The mean value ± SD of food drive behavioural test

Item Housing

NE

Female

43.0 ± 14.8

Male

83.6 ± 19.1

Housing difference

First touching (seconds)

Eating (seconds)

E1

E2

53.8 ± 17.9

 45.9 ± 23.5

NE

E1

211.1 ± 97.0

257.9 ± 220.1

113.9 ± 81.2

62.0 ± 21.5

P = 0.0305 s

209.9 ± 51.0

447.8 ± 349.0 P = 0.0819

* NE: Non-enriched group; E1: Enriched group 1, according to Scharmann (1993); E2: Enriched group 2, modified from
  Haemisch & Gärtner (1994).
* s: Significant difference

E2 321.1 ± 180.8 265.9 ± 168.0

As indicated above, male and female DBA/2 mice showed different reaction pattern to

enrichment during behavioural tests. This accounted for the inconsistent sex differences in

the NE, E1 and E2 groups in the Food Drive and Elevated Plus Maze tests (Figures 3-7,

3-8, 3-9).
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Figure 3-7: Interaction graph for Food Drive performance (first touching time) 

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993);
E2: Enriched group, modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference

( seconds) ( seconds )

A significant sex difference was found in the E1 group for the Food Drive test

(F1,2=41.875, P=0.0231 for first touching time), but not in the NE and E2 groups (Figure 3-

7). In the Elevated Plus Maze test significant sex differences were found in the E2 groups

(F1,2=35.875, P=0.0268 for the time spent in a closed arm per entry; F1,2=172.529,

P=0.0257 for the time spent in the central area per entry, Figure 3-8 and 3-9), while no

significant sex differences were found in the NE and E1 groups.

Figure 3-8:  Interaction graph for Elevated Plus Maze performance
(in a closed arm per entry)

 Sex difference          n.s.           n.s.                                      n.s.              s
                            P= 0.4187    P= 0.5712                             P= 0.4187     P= 0.0268

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993);
E2: Enriched group, modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference

( seconds) ( seconds)
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Figure 3-9:  Interaction graph for Elevated Plus Maze performance
(in the central area per entry)

  Sex difference          n.s.            n.s.                                    n.s.             s 
                            P= 0.9009    P= 0.9598                            P= 0.9009     P= 0.0057

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993);
E2: Enriched group, modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference

( seconds) ( seconds)

3.6.3. The effects on haematological values and relative organ weights

There were only minor differences in haematological values or in relative organ weights

among the three housing groups, thus there was no significant effect due to housing (data

given in Appendix 9.5).

Inconsistent sex differences under the three housing groups were noted in relative

weights of liver, kidney and spleen (see Table 3-3), but not in the haematological values

(data not shown).

  Table 3-3: Sex difference under different housing conditions

Relative liver weight

NE

P = 0.2225 n.s.

E1

P = 0.4276 n.s.

E2

P = 0.0562 n.s.

Relative kidney weight

Relative spleen weight

Relative adrenal weight

Relative heart weight

P = 0.0006 s

P = 0.0500 n.s.

P = 0.0026 s

P = 0.0289 s

P = 0.0345 s

P = 0.1470 n.s.

P = 0.0131 s

P = 0.0462 s

P = 0.0916 n.s.

P = 0.0087 s

P = 0.0060 s

P = 0.5791 n.s.

* NE: Non-enriched group; E1: Enriched group 1, according to Scharmann (1993); E2: Enriched group 2, modified

  from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference
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3.6.4. Thyroxine (T4) and corticosterone (CORT) levels under different housing conditions

Male mice had significantly higher T4 levels than female mice (F2,6=9.937, P=0.0198)

(Figure 3-11). No significant housing difference was found for these parameters.

For CORT concentration (Figure 3-11) there was a significant difference between the

sexes (F2,6=5.048, P=0.0300), but no significant housing difference. It should, however,

be mentioned that the difference between male NE and E1 mice was close to a significant

level (Scheffé test, P=0.0581).
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Figure 3-10: Serum thyroxine levels of male and female DBA/2
mice under different housing conditions

(nmol/ml)

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993);
E2: Enriched group, modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference
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Figure 3-11: Serum corticosterone levels of male and female
DBA/2 mice under different housing conditions

(ng/ml)

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993);
E2: Enriched group, modified from Haemisch & Gärtner (1994).

* s: Significant difference; n.s.: No significant difference
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3.6.5. The effect of enrichment on the coefficient of variation (CV)

There was a higher tendency towards an increased CV in both enriched groups as

opposed to the NE group (Table 3-4 and 3-5). This was found chiefly in physiological traits

and in the Open Field and Food Drive tests.

The median CV of the NE, E1 and E2 groups were 12.9%, 15.8% and 16.6%,

respectively; the interquartile range of the NE, E1 and E2 groups were 16.6, 22.6 and

16.0. The CV of each housing condition were pooled and compared using the Wilcoxon

signed rank test (nonparametric pair t-test). Significant differences were detected between

the NE and E1 groups (P=0.0170) and between the NE and E2 groups (P=0.0062).

 Table 3-4: The coefficient of variation (%) of behavioural tests

Variables

Travel distance

Sex

Female

NE

14.5

E 1

23.6

E 2

19.4

Freezing times

First touching

Male

Female

17.1

11.5
Male

Female

14.6

34.0

25.4

38.9

13.7

30.0
35.1

31.5

38.7

50.9

Eating

In closed arm

Male

Female

24.9

45.7
Male

Female

25.5

8.8

In central area

In open arm 

Male

Female

11.8

29.5
Male

Female

22.6

53.8

73.8

83.3

35.4

57.0
79.9

11.3

67.5

11.9
15.1

24.4

8.6

23.9
22.9

63.1

24.5

37.1

In closed arm/entry

In central/entry

Male

Female

69.6

19.5
Male

Female

13.0

26.0

In open arm/entry

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); E2: Enriched group, modified

Male

Female

22.8

40.6
Male 23.3

66.3

19.6

71.7

22.5
40.8

22.9

21.9

16.5
16.7

44.3

22.0

66.9
28.8 28.3

  from Haemisch & Gärtner (1994).
* In closed arm, in central area or in open arm: The total time in seconds spent by the animals in either area.

* In closed arm/entry, in central area/entry or in open arm/entry: The average time in seconds spent by the animals
   in either area per entry.
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 Table 3-5: The coefficient of variation (%) of physiological traits

Traits

WBC

Sex

Female

NE

7.1

E 1

14.1

E 2

16.5

RBC

HGB 

Male

Female

13.2

2.3

Male

Female

6.3

2.5

25.6

3.1

23.7

3.5

5.8

2.5

11.0

2.8

HCT

Final body weight

Male

Female

5.2

2.6

Male

Female

6.0

12.9

Relative liver weight

Relative kidney weight

Male

Female

7.3

4.3

Male

Female

4.1

5.0

5.3

2.3

10.1

3.0

5.6

13.8

11.3

14.9

8.7

5.5

9.3

4.4

5.6

3.5

5.9

4.7

Relative spleen weight

Relative adrenal weight

Male

Female

9.6

6.7

Male

Female

12.5

28.4

Relative heart weight

Relative uterus weight 

Male

Female

22.2

7.9

Male

Female

9.3

19.9

4.5

8.1

9.4

7.8

14.6

12.2

20.2

16.6

16.6

9.6

19.8

7.0

6.2

24.0

8.7

14.6

Relative testis weight

* NE: Non-enriched group; E1: Enriched group 1, according to Scharmann (1993); E2: Enriched group 2, modified

  from Haemisch & Gärtner (1994).

Male 5.0 8.7 10.2

3.7. Discussion

VAN DE WEERD et al. (1997) assumed, that the heat loss of enriched mice was reduced

because of nesting material, accounting for the fact that animals consumed less food. The

present study observed a higher food intake in NE group (109.6 g/week in the NE group,

99.7g/week in the E1 group and 95.2g/week in the E2 group, Scheffé test P=0.0382
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between the NE and E1 group; P=0.0071 between the NE and E2 group), but there were

different reaction patterns to enriched housing in the growth rate of male and female mice.

According to the results of this experiment heat loss reduction may not be the only reason.

Other factors may also be involved.

The present study demonstrated that enrichment affected the results of the Open Field

and Food Drive tests. Significant housing differences were observed between the NE and

E2 groups or between the E1 and E2 groups, while no significant housing difference was

found between the NE and E1 groups. This indicates that the effects of the two

enrichment designs (E1 and E2) on the results of Open Field and Food Drive tests are not

consistent. This is comparable to the finding of DAHLOBORN et al. (1996).

The effects of both enrichment designs on the group means of physiological traits were

minor, as have been indicated in previous studies (CHVÉDOFF et al. 1980, DAHLBORN et al.

1996, ESKOLA & Kaliste-Korhonen 1999, TSAI et al. 2002a). A significant housing

difference was found only in body weight at 14 weeks of age. But sex differences of

different housing groups were not consistent in several physiological traits (relative

weights of liver, kidney and spleen) as well as in the Food Drive and Elevated Plus Maze

tests. E1 led to increased differences between the sexes in Food Drive performance,

relative spleen weight and relative heart weight, while E2 resulted in enhanced differences

between the sexes in the Elevated Plus Maze performance and in relative spleen weight,

and in a reduced difference between the sexes in relative kidney weight. This indicates

that the sexes reacted differently to the different enrichment designs (E1 and E2).

Similarly, HAEMISCH & GÄRTNER (1994) reported that enriched DBA/2 male mice had

higher corticosterone levels. In addition, NEVISON et al. (1999) found that DBA/2 males

provided with a clear Perspex tunnel and shredded tissue showed increased stereotypic

behaviour as well as higher serum corticosterone levels.

PENG et al. (1989) reported that social hierarchy development might play an important role

in animal stress and that fighting between mice within newly assigned groups may be the

major cause of the elevated corticosteroide concentrations. HAEMISCH & GÄRTNER (1994)

observed that changes of dominant positions occurred more often in enriched male

groups leading to intensified aggression in the enriched cages. Such altered social

organization was found to correspond with corticosterone titres. According to the

corticosterone levels of this study, both enrichment designs used in this study might affect

the social hierarchy development and increase the changes in dominant positions in
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DBA/2 males, but not in females. Thus the enrichment used in present study resulted in

effects contradictory between two sexes.

The present study shows that environmental enrichment has different influences on CV,

depending on the sex and the variables studied. In general, both enriched groups showed

higher CV for most physiological traits and for the Open Field and Food Drive tests

compared with NE group. Such effects have been published or can be recalculated from

the data of previous reports (THIESSEN et al. 1962, WATSON 1993, MANOSEVITZ & PRYOR

1975, HAEMISCH & GÄRTNER 1994, BERGMANN et al. 1994/95, ESKOLA & Kaliste-Korhonen

1999, VAN DE WEERD et al. 1997, NEVISON et al. 1999, MERING 2001, TSAI et al. 2002a).

This indicates that the number of animals will need to be increased in studies (such as

ours) with enriched housing conditions in which the focus is on physiological traits and

Open Field and Food Drive tests.

In summary the present study demonstrated that there were significant housing effects on

body weight (at 14 weeks of age) as well as on the Open Field and Food Drive

performance, but there were no significant effects of either enrichment designs used on

the other parameters studied: physiological traits (haematological data and organ weights)

and Elevated Plus Maze test.

Housing differences were found for body weight (at 14 weeks of age) and behavioural

performance (Open Field and Food Drive tests), mainly due to the differences between

the E2 and NE/E1groups. Sex differences of the NE, E1 and E2 groups were not

consistent for Food Drive, Elevated Plus Maze performance or relative weights of spleen,

kidney and heart. This shows that the effects of enrichment designs (E1 and E2) were not

consistent on DBA/2 mice.

Both enrichments led to enhanced variation in most variables, especially physiological

traits and the Open Field and Food Drive tests.
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on Body Weight, Organ Weights and Haematology



74

Impact of environmental enrichment in mice

1. Effect of housing conditions on body weight, organ weights
and haematology in different strains

P.-P. Tsai, U. Pachowsky, H. D. Stelzer and H. Hackbarth

Tierschutzzentrum der Tieraerztlichen Hochschule Hannover

Corresponding address:

Ping-Ping Tsai

Tierschutzzentrum der

Tieraerztlichen Hochschule Hannover

Buenteweg 2

D-30559 Hannover

Germany

Laboratory Animals (2002) 36(4), 411-419.



75

4.1. Summary

Currently, environmental enrichment is a very common means of improving animal

wellbeing, especially for laboratory animals. Although environmental enrichment seems to

be a possible way for improving the well-being of animals, the consideration of housing

laboratory animals should not only focus solely on animal well-being, manpower and

economics but also on the precision and accuracy of the experimental results. The

purpose of the present study was to evaluate the effects of enriched cages (nest box,

nesting material, climbing bar) on body weight, haematological data and final organ

weights.

BALB/c, C57BL/6 and A/J mice, originated from Harlan Winkelmann, were used for the

experiments - 16 animals of each strain. Animals at 3 weeks of age were marked and

separated randomly to enriched or non-enriched cages, in groups of four, half for each

housing condition. Both cages were type III Makrolon cages, only the enriched cages

contained a nest box, a wood bar for climbing and nesting material. Animals were kept in

a clean animal room under specific pathogen free (SPF) conditions. Body weights were

every week. Blood samples were collected at 14 weeks of age (white blood cells (WBC),

red blood cells (RBC), haemoglobin (HGB), and haematocrit (HCT ) were analysed). At 15

weeks of age, the animals were euthanized by CO2 in their home cages, and body weight

and organ weights (heart, liver, kidney, adrenal, spleen and uterus) were recorded

immediately.

Although nearly all the test variables were not affected by environmental enrichment in

their mean values, the enriched group showed higher coefficients of variation in many

variables, and strain differences of both housing conditions were not consistent. The

influences of enrichment were shown to be strain- and test-dependent. Such effects may

lead to an increase in the number of animals which is necessary or may change the

experimental results, especially when a study, using enriched housing conditions, focuses

on strain differences.

Since the same enrichment design can result in different influences, a positive or a

negative or no adverse effect, due to the strain and the variables studied, researchers

need to collect more information before enrichment designs are introduced into

experimental plans.

Key Words: Inbred mice, strain differences, environmental enrichment, haematological

analysis, organ weight



76

4.2. Introduction

To assure a high precision of results in animal experiments high levels of standardization

have been introduced into laboratory animal science over many years, especially in

respect to genetics, hygiene and environment, including feeding and housing. This high

level of standardization has been responsible for the great decrease in the number of

laboratory animals used in experimental research in many countries over the last ten

years.

Recently environmental enrichment has become widely used as a means of improving

animal well-being, especially for laboratory animals. Many researchers showed that

animals, including farm animals, zoo animals and laboratory animals could maintain

natural behaviour, when they live in an enriched environment (CHAMOVE 1989a,

CHAMOVE 1989b, MELLEN & Shepherdson 1997, LOVERIDGE 1998, MENCH et al.

1998, RAPAPORT 1998, Wood 1998).

Although the result of WEERD van DE et al. (1997) concluded that an enriched

environment will not effect the results (mean values) of experiments, some other

publications showed that animals are more aggressive (Henderson et al. 1975, Haemisch

et al. 1994, Barnard et al. 1996, Haemisch & Gärtner 1997) or that the variation of data

may be higher in an enriched environment (NEVALAINEN et al. 1998, GÄRTNER 1999,

ESKOLA et al. 1999, TSAI & HACKBARTH 2000).

Therefore it seemed to be necessary to collect more information about the effects of

enriched housing before enrichment is introduced as a routine into experimental design.

In this study we chose three different inbred strains of mice and kept them in enriched or

non-enriched cages from 3 weeks to 15 weeks of age. The primary hypothesis of this

study was to determine if strain differences of physiological measurements (hematological

values, body weights and organ weights) were the same or at least similar under enriched

and non enriched housing conditions, and also to investigate the effects of housing

conditions in different strains.
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4.3. Material and Methods

4.3.1. Animals

Female mice of the inbred strains BALB/cOlaHsd, C57BL/6JOlaHsd and A/JOlaHsd (16

animals of each strain)  at 3 weeks of age, originated from Harlan Winkelmann (Borchen,

Germany), were marked and separated randomly to enriched or non-enriched cages, half

of animals for each treatment. Every strain was divided into 4 cages, 4 animals per cage.

4.3.2. Environment

The animals were kept in an animal room under SPF-conditions at a room temperature of

22± 1°C, with 55± 10% relative humidity, a 12/12 hour light/dark cycle and a light intensity

of 25± 10 Lux.

4.3.3. Housing

Both cages, enriched and non-enriched, were type III Makrolon cages (Scanbur, Køge

Denmark) (37.5 cm x 21.5 cm x 15 cm), only the enriched cages contained a nest box (16

cm x 22 cm x 4,5 cm) which was made out of the bottom of a type II Makrolon cage, a

wood bar (16.5 cm x 8.5 cm) for climbing, and nesting material (cotton nestlets, 5 cm x 5

cm, EBECO Company, Castrop-Rauxel Germany) (SCHARMANN, 1993). Cages were

changed once a week. An enriched cage is shown in Figure 1.

Figure 4-1: Enriched cage

4.3.4. Food and water

Tap water in drinking bottles and pelleted food containing 19.0% protein, 4.0% fat, 6%
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fiber and 7% ash (Altromin No. 1324, Altromin GmbH, Lage Germany) were given ad

libitum.

4.3.5. Bedding

130-140 g wood shaving was used for bedding (Altromin GmbH, Lage Germany). Bedding

was changed once a week.

4.3.6. Test Methods

4.3.6.1. Test and sampling order

All tests and samplings were done paired, one enriched and one non-enriched cage at a

time. Test and sampling order were continued until all of the animals were tested or

sampled. Tests or sampling of the same variables were completed within one week.

4.3.6.2. Haematological analysis

20µl of blood was sampled by retrobulbor venous puncture under light ether anesthesia

with 20µl heparin coated capillary (Hirschmann Laborgeräte, Germany) and slowly mixed

with dilute buffer (Heama-Line DIFF, Biochem Immunosystems Ins., Allemtown USA),

total amount was 20 ml. Diluted blood samples were analysed by Cell Counter System

9000 (Serono-Baker Diagnostics, Allentown Pennsylvania USA). The analysed items

included the number of white blood cells (WBC, x 109L), the number of red blood cells

(RBC, 1012L), the concentration of haemoglobin (HGB, mmol/L) and the haematocrit

(HCT, %).

4.3.6.3. Euthanasia

All mice were euthanized at 15 weeks of age in their home cages. The cage cover was

replaced by safety glass lid with a hole. CO2 was introduced into the cage by a tube with a

flow of 6 L/minute (HACKBARTH et al. 2000).

Terminal Data

Following euthanasia the body weight and the weight of organs (heart, liver, kidney,

adrenal, spleen and uterus) were recorded. From dissection to weighing the organs were

kept in a wet chamber (Petri dish with wet cotton). Body weights were measured by using

an electronic balance (Item number: E0D110, Ohaus Corporation, Florham Park, USA),

and a more sensitive instrument (ST-200, Denver Instrument Company, USA) was used

for organ weights.
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4.4. Experimental design

Following one week of acclimatisation, from 4 weeks of age, body weight, food and water

intake were recorded every week until 15 weeks of age. Blood samples were collected at

14 weeks of age (WBC, RBC, HGB, and HCT were analyzed). At 15 weeks of age, the

animals stayed in their home cage and were euthanized using CO2, and body weights

and organ weights (heart, liver, kidney, adrenal, spleen and uterus) were recorded

immediately.

4.5. Statistics

Data were analyzed using StatView ver.4.5 computer program (Abacus Concepts, Inc.,

Berkeley, CA, 1994). The entire test items were compared using a two factorial analysis of

variance with the factors strain and environment, followed by Scheffé's test (significance

level 5%), to analyze the effect of strain, of environment and of strain x environment

interaction (Lee 1999). The coefficients of variation of each cage were calculated

separately, the average CV of each item of every strain were pooled and compared using

the Friedman test.

4.6. Results

4.6.1. The effects of enrichment on mean values:

Although C57BL/6 and BALB/c mice housed in enriched cages often showed a slight

increase and enriched A/J mice showed a slight decrease during the experiment (Figure

4-2, 4-3,4-4), no significant effect of housing on body weight was found either during the

experiment or at the end of experiment (F1,6=0.366, P=0.5675).
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Figure 4-2: The Body Weight versus Age of A/J (mean ± SD)         
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Figure 4-3 : The Body Weight versus Age of C57BL/6 (mean ± SD)

8

10

12

14

16

18

20

22

24

4 5 6 7 8 9 10 11 12 13 14 15

Enriched

Non-enriched

( g )

Age (week)

Figure 4-4: The Body Weight versus Age of BALB/c (mean ± SD) 

In comparison to non-enriched groups the haematological data of enriched groups

showed a slight decrease in RBC and HCT, and a slight increase in HGB. The data of

WBC were not consistent; A/J and C57BL/6 enriched groups showed higher values than

non-enriched groups, but not BALB/c mice. Even though a slight difference between

enriched and non-enriched groups was found, no significant housing difference existed in

the three inbred strains, which were tested (Table 4-1).
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Table 4-1: The Mean Value ± SD and Coefficient of Variation ( CV ) of Haematological Analysis

Strain    Standard

WBC

Enriched   Standard

RBC

Enriched Standard

HGB

Enriched Standard

HCT

A/J

C57Bl/6J

( CV, % )

9.1 ± 1.2
( 13.5 )

11.2 ± 2.9

( CV, % )

9.9 ± 1.6
 ( 15.9 )

12.0 ± 2.5

( CV, % )

9.2 ± 0.2
 ( 2.6 )

9.0 ± 0.3

   ( CV, % )

9.1 ± 0.4
( 4.3 )

8.9 ± 0.4

( CV, % )

9.6 ± 0.2
( 2.4 )

9.1 ± 0.3

( CV, % )

9.8 ± 0.3 
( 3.4 )

9.2 ± 0.3

( CV, % )

 40.9 ± 1.4
( 3.4 )

40.1 ± 1.2

BALB/c

Strain difference

  ( 26.1)

13.3 ± 3.5
( 26.3 )

P= 0.0196

Housing difference P= 0.7769

( 20.9 )

10.8 ± 2.2
( 20.7 )

P= 0.6806

 ( 3.7 )

9.9 ± 0.3
( 2.8 )

P= 0.1006

P= 0.3453

 ( 4.1 )

9.6 ± 0.4
 ( 4.1 )

P= 0.1378

 ( 3.2 )

10.1 ± 0.05
 ( 0.5 )

P= 0.0251

P= 0.3308

 ( 3.4 )

10.2 ± 0.3
 ( 3.1 )

P= 0.0524

( 2.9 )

 44.5 ± 1.5
( 3.3 )

P= 0.0479

P= 0.4661

Enriched
   ( CV, % )

40.6 ± 1.5 
( 3.7 )

39.7 ± 1.4

 ( 3.5 )

43.7 ± 1.6
( 3.8 )

P= 0.0772

Similar results were found in the data obtained at the end of the study period. Although

the reactions to enrichment were not consistent in final body weight, liver weight, kidney

weight, heart weight and uterus weight, all enriched groups showed a slight increase in

spleen weight and a slight decrease in adrenal weight in comparison to non-enriched

groups. However none of these data showed significantly different effects of housing on

the mean values (Table 4-2).

Table 4-2: The Mean value ± SD and coefficient of variation (CV) of final body weight (g) and organ weight (g)

Strain    Standard

Body Weight

Enriched   Standard

Liver Weight

Enriched Standard

  Kidney Weight

Enriched Standard

Spleen Weight

A/J

C57Bl/6J

( CV, % )

24.2 ± 1.6

( 6.6 )

22.1 ± 1.5

( CV, % )

23.7 ± 2.1

 ( 8.9 )

23.0 ± 1.7

( CV, % )

1.0706 ± 0.0841

  ( 7.9 )

1.0849 ± 0.1034

   ( CV, % )

1.0826 ± 0.0935

  ( 8.7 )

1.0664 ± 0.0953

( CV, % )

0.2857 ± 0.0150

   ( 5.3 )

0.2724 ± 0.0261

( CV, % )

0.2756 ± 0.0270

  ( 9.8 )

0.2838 ± 0.0376

( CV, % )

0.0675 ± 0.0112

   ( 16.5 )

0.0764 ± 0.0090

BALB/c

Strain difference

  ( 6.7 )

20.3 ± 1.4
( 7.0 )

P = 0.0121

Housing difference P = 0.5675

( 7.5 )

20.5 ± 2.0
( 9.8 )

P = 0.0513

  ( 9.4 )

0.9964 ± 0.0623
   ( 6.2 )

P = 0.3123

P = 0.9221

  ( 8.9 )

1.0096 ± 0.1429
  ( 14.3 )

P = 0.4892

   ( 9.5 )

0.2490 ± 0.0153
    ( 6.1 )

P = 0.0952

P = 0.3710

  ( 13.2 )

0.2630 ± 0.0201
( 7.8 )

P = 0.1052

   ( 11.7 )

0.0836 ± 0.0076
    ( 9.1 )

P = 0.1160

P = 0.1166

Enriched
( CV, % )

   0.0798 ± 0.0305

  ( 38.2 )

    0.0837 ± 0.0157
  ( 18.0 )

    0.0945 ± 0.0132
    ( 13.9 )

P = 0.5593

4.6.2. The effects of enrichment in strain difference

Even though there was no significant difference in body weight between enriched and

non-enriched groups, strain differences did occur. Both housing conditions showed a

significant strain difference on body weight at 4 weeks of age (F2,3=20.885, P=0.0173 in

non-enriched groups; F2,3=42.729, P=0.0062 in enriched groups), such significant strain

differences were found continuously until 11 weeks of age (F2,3=25.016, P=0.0135 in non-

enriched groups; F2,3=15.797, P=0.0255 in enriched groups). At 12 weeks of age a
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significant strain difference in body weight was only found in non-enriched groups

(F2,3=46.017, P=0.0056), but not in enriched group (F2,3=7.875, P=0.0640), and this

effect was also present at 13, 14 and 15 weeks of age.

Table 4-2: The Mean value ± SD and CV of  final body weight (g) and organ weight (g) - continued

Strain    Standard

Adrenal Weight

Enriched   Standard

Heart Weight

Enriched Standard

Uterus Weight

Enriched

A/J

C57Bl/6J

( CV, % )

0.0051 ± 0.0012
( 22.6 )

0.0046 ± 0.0008

( CV, % )

0.0049 ± 0.0004
 ( 8.2 )

0.0043 ± 0.0007

( CV, % )

0.1009 ± 0.0094
  ( 9.0 )

0.1076 ± 0.0147

   ( CV, % )

0.0894 ± 0.0041
  ( 4.5 )

0.1120 ± 0.0164

( CV, % )

0.0619 ± 0.0120
   ( 19.1 )

0.0787 ± 0.0245

( CV, % )

   0.0654 ± 0.0137
  ( 20.7 )

    0.0795 ± 0.0230

BALB/c

Strain difference

  ( 15.1 )

0.0057 ± 0.0003

( 5.9 )

P= 0.1956

Housing difference P= 0.2857

( 16.1 )

0.0052 ± 0.0006

( 11.3 )

P= 0.3005

  ( 13.6 )

00929 ± 0.0094

   ( 10.0 )

P= 0.2906

P= 0.5968

  ( 13.7 )

0.0933 ± 0.0098

  ( 10.5 )

P= 0.0868

   ( 30.0 )

0.0946 ± 0.0320

    ( 33.6 )

P= 0.1457

P= 0.9340

  ( 26.0 )

    0.0877 ± 0.0076 

    ( 9.0 )

P= 0.6412

As for the body weights, strain differences also occurred in the haematological data, but

the effects were not consistent (Table 4-1). A significant strain difference in WBC was

found in the non-enriched groups (F2,3=19.116, P=0.0196), but not in the enriched group

(F2,3=0.439, P=0.6806), while no significant strain difference was found in RBC under

both housing condition. The data of HGB and HCT had a similar tendency as the data of

WBC, a significant strain difference was only found in non-enriched groups (F2,3=16.000,

P=0.0251 in HGB, F2,3=9.870, P=0.0479 in HCT).

Both housing conditions showed no significant strain differences at the end of the study,

except for the final body weight (Table 4-2).

However a significant effect in the interaction of strain and environment was not found in

all test variables.

4.6.3. The effects of enrichment in coefficients of variation

Since they are independent from mean values, the coefficients of variation (SD/mean

value) within cages were used to compare the variation between the two housing

conditions, instead of the variance (SD2). The data showed that enriched groups had

higher coefficients of variation (CV) for most variables (Table 4-1 & 4-2).

For final body weight, kidney weight, spleen weight, RBC, HGB and HCT all enriched

groups showed a higher CV within cages in comparison to non-enriched group, but not all

enriched groups had a higher CV of liver weight, heart weight, adrenal weight, uterus
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weight and WBC (Table 4-1 & 4-2). The median CV of non-enriched groups and enriched

groups were 7.9% and 9.0%, interquartile range of non-enriched groups and enriched

groups were 10.3 and 10.4. Using the Friedman test to compare the pooled CVs of the

two housing conditions showed a significant difference (df=1, S=180.5, p < 0.001).

Since the significant effects of housing might be increased due to the correlation between

RBC, HGB and HCT or the correlation between body weight, kidney weight and liver

weight, the pooled CVs of body weight, spleen weight, adrenal weight, uterus weight,

WBC and RBC under the two housing conditions were recalculated using the Friedman

test. The housing difference was decreased (df=1, S=32, P=0.0626)

Overall in this study, the mean values of body weights, organ weights and haematological

analysis were not significantly affected by environmental enrichment. The effect of strain

and the coefficient of variations varied between the different variables and between

different strains.

4.7. Discussion

This present experiment found that the mean body weights or organ weights of enriched

animals were slightly changed, heavier or lighter (strain-dependent), none of these

variables showed a significant effect of housing differences. Some previous studies have

reported that enriched mice had significant heavier or lighter body weights or organ

weights on mean values in comparison to non-enriched animals (THIESSEN et al. 1962,

TORRE & CEJKA 1968, DENENBERG et al. 1969, HENDERSON 1970, MANOSEVITZ

1970, MANOSEVITZ & JOEL 1973, MANOSEVITZ & PRYOR 1975, CLARK & GALEF 1980,

HARA et al. 1981, WARREN et al. 1982, HOLSON 1986, PETERS & FESTING 1990, WASTON

1993, HAEMISCH et al. 1994, KLEIN et al. 1994, BARNARD et al. 1996, VAN DE WEERD et al.

1997, NEVISON et al. 1999). This variation in results suggests that the type of enrichments,

the duration of experiments, the sex and the strain of examined animals may all influence

the effects of enrichment.

In comparison to some other enrichment studies, the effects of our enrichment design on

mean values were mild, but strain differences were noted. The significant strain

differences of non-enriched groups was present throughout the experiment, while

enriched groups showed a significant strain difference at 4 weeks of age, but not after 12

weeks of age. The non-significant decreased body weights of enriched A/J mice plus non-

significant increased body weights of enriched C57BL/6 mice may be the cause of this

result.
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The strain difference in the body weights of enriched groups was slightly decreased with

time, while the non-enriched groups showed a similar strain difference during the

experiment. This seems to suggest that strain difference on body weight might be

influenced by our enrichment in a long-term experiment and the advancement of such

effect was gradual.

The different effects in enriched A/J and C57BL/6 and enriched BALB/c on WBC lead to

the different effects on strain differences (F2,3=19.116, P=0.0196 in the non-enriched

groups and F2,3=0.439, P=0.6806 in the enriched group. Although the mean values of

haematological variables in this study are comparable to those of CHVÉDOFF et al. (1980),

DAHLBORN et al. (1996) and ESKOLA et al. (1999), housing conditions did not significantly

influence the haematological variables or physiological parameter. Due to their high

correlation, RBC, HGB and HCT showed a similar effect of enrichment in all tested

strains, but the different extent of increasing or decreasing mean values in the three

strains also caused a significant strain difference in non-enriched groups and a non-

significant strain difference in enriched groups. Such result seems to suggest that the

reaction to enriched housing condition of three tested strains on haematological data was

not consistent and such inconsistent reaction also can lead to a decreased strain

difference in WBC, HGB and HCT.

The results of this experiment seem to suggest that the mild effects on mean values can

also lead to changes in different strains and such effects may change the experimental

results in some tests, when a study, using enriched housing condition, focuses on strain

differences.

The results of our study show that environmental enrichment can cause different

influences in CVs, and increases or decreases or no effect, due to the strain and the

variables studied. In general enriched groups showed higher CVs for most variables.

Similar results can be obtained from data published in previous reports (THIESSEN et al.

1962, WATSON 1993, MANOSEVITZ & PRYOR 1975, SCHAPIRO & KESSEL 1993, HAEMISCH &

GÄRTNER 1994, BERGMANN et al. 1994/95, ESKOLA et al. 1999, NEVISON et al. 1999). This

effect on CV may account for the variation in effects of environmental enrichment and

strain on the variables studied by these research groups.

A higher CV means that the variability of animals may be increased; it can lead to more

animals being needed for a given experiment. An overview for the distribution of the

comparison between two housing conditions on the number of animal needed in the

terminal and the haematological data is shown in Figure 5. The calculation of sample size
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was based on the present data using JMP 4 power analysis (to detect 20% difference in

group mean, P=0.05, power at 0.90).

Even though the effects of environmental enrichment was decreased, and did not reach a

significant difference (df=1, S=32, P=0.0626), when the high correlated variables were not

included into calculation, the p-value was close to reach a significant housing difference.

Such a tendency seems to suggest that the chance to have an increased variation due to

our enrichment was higher, although for some variables non-enriched groups also had

increased CV.
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Figure 4-5: The distribution of the comparison on the number of animal needed in
terminal and haematological data. 

* N ratio (n larger/ n smaller) were calculated to compare the number of animal nee-
ded of enriched and non-enriched groups. 

* A N ratio < -1 means that the necessary number of animals in non-enriched group
was higher; a N ratio >1 means that the necessary number of animals in enriched
group was higher. There is no N ratio between 1 and -1. 

* The calculation of sample size based on the present data by using JMP 4 power
analysis (to detect 20% difference in group mean, P= 0.05, power at 0.90)

Combining other studies and this present experiment indicates that enrichment designs

can cause different influences in CVs, a positive or a negative or no effect, depending on

the type of enrichment, the strains, the variables studied and the duration of the

experiment. Such effects should be taken into consideration whenever an experiment

procedure is planned.

Summarizing the results of this study suggests, that values of body weight, hematological

variables measure and organ weights were not significantly influenced by our enrichment
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design, but enrichment seemed to have effects on the variation and the strain differences.

These effects are, however, strain- and test-dependent.

According to these results, enrichment may not have same or similar effect for every

strain or for every experiment; researchers need to collect more information before

enrichment designs are introduced into experimental procedures.
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5. Impact of Environmental Enrichment on mice – Effect

of Housing Conditions on Behaviour (Open Field, Food

Drive and Elevated Plus Maze Performances)
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5.1. Summary

Previous study (TSAI et al. 2002a) has shown that the group means of physiological traits

(haematological variables, body weight and organ weights) have not been significantly

influenced by enrichment, but that enrichment does affect the variation in such traits.

Since laboratory animals are used for scientific purposes, it becomes indispensable to

investigate the effects of enriched housing on experimental results, to insure that their

precision and accuracy are not affected by enrichment. The aim of the present study was

to evaluate the effects of two different enrichment designs (E1, according to Scharmann

1993; E2, modified from HAEMISCH & GÄRTNER 1994) on Open Field, Food Drive and

Elevated Plus Maze behavioural performance, including mean values and variation.

A total of 192 BALB/c, C57BL/6 and A/J mice obtained from Harlan Winkelmann were

used for two experiments. The enriched cages contained either a nest box, a wooden

climbing bar and nesting material (E1, used for experiment 1) or horizontal and vertical

dividers (E2, provided for experiment 2). At about 3 weeks of age the animals were

marked and randomly allotted into enriched or non-enriched (NE) type III Makrolon cages.

Starting from 9 weeks of age, the mice were subjected to open field, Food Drive and

Elevated Plus Maze behavioural tests.

Significant housing differences were found between the NE group and E2 groups in the

Open Field and Food Drive tests, while significant differences between the NE and E1

groups were observed only in the Elevated Plus Maze test. The reaction pattern of the

three strains to enriched housing conditions was not consistent in behavioural tests. This

accounts for inconsistent strain differences in the NE and enriched groups in the Food

Drive performance (experiment 1 and 2) and in the Elevated Plus Maze performance

(experiment 2). Sex differences were not affected by either enrichment.

The effects of enrichment designs (E1 and E2) on variation are not consistent, but vary

according to strain and the variable studied. In general E1 housing often led to an

increased CV in the Open Field and Food Drive tests and to a decreased CV in the

Elevated Plus Maze test. E2 housing resulted in an enhanced CV for most parameters.

Key words: Inbred mice, strain difference, environmental enrichment, behavioural test,

Open Field, Food Drive, Elevated Plus Maze.
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5.2. Introduction

High levels of standardization (genetic, hygienic and environmental) have been introduced

into laboratory animal science over many years, making it possible to reduce the number

of laboratory animals used in experimental research, especially due to the decreased

variation.

Numerous enrichment studies have shown that the well-being of laboratory rodents can

be enhanced, decreased or unaffected by enrichment, depending on the type of

enrichment and the strain used in the experiments (CHAMOVE 1989, MCGREGOR & AYLING

1990, HÄMISCH & GÄRTNER 1994, BARNARD et al. 1996, Kingston & Hoffman-Goetz 1996,

ESKOLA & KALISTE-KORHONEN 1999, NEVISON et al. 1999, POWELL et al. 2000, BAZILLE et

al. 2001, HOUGAARD et al. 2001, VAN LOO et al. 2002).

Since laboratory animals are used for scientific purposes, it becomes indispensable to

investigate the effects of enriched housing on experimental results, to insure that their

precision and accuracy are not affected by enrichment.

HOUGAARD et al. (2001) and TSAI et al. (2002a, 2002b) showed that body weight,

haematological variables, organ weights and breeding index of mice or rats were not

significantly affected by environmental enrichment in their mean values, while significant

housing differences were found for some strains in behavioural performance such as

Open Field, Aluminium-Foil and Barrier test (HUCK & PRICE 1975, PRIOR & SACHER

1994/95, vAN DE WEERD et al.  1997, CHAPILLON et al. 1999, TSAI et al. 2002c). It has been

observed in previous studies that enrichment has different effects on behaviour and

physiology in different strains (vAN DE WEERD et al.  1994, DAHLOBORN et al.  1996,

CHAPILLON et al. 1999, NEVISON et al. 1999, TSAI & HACKBARTH 1999). Several

investigations demonstrated that enriched groups had higher coefficients of variation in

behavioural tests (such as the aluminium-foil test) or in physiological variables such as

body weight, body composition, serum enzymes and others (BERGMANN et al. 1994/95,

ESKOLA et al. 1999, GÄRTNER 1999, MERING 2000, TSAI et al. 2002a, 2002b, 2002c).

The aim of the present study was to determine whether there is a strain difference in

certain behavioural test measurements (Open Field, Food Drive and Elevated Plus Maze)

in the reaction to enriched housing with respect to average mean pattern and variability.
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5.3. Material and Methods

5.3.1. Animals

Three inbred strains of mice were chosen for the present study, BALB/cOlaHsd,

C57BL/6JOlaHsd and A/JOlaHsd, obtained from Harlan Winkelmann (Borchen,

Germany). These strains were selected on the basis of their different reaction patterns in

behavioural tests (FESTING 1979, KVIST 1984, VAN GAALEN & STECKLER 2000). A total of

192 male and female mice were used in this study (16 mice/strain/sex/experiment).

Animals were marked by ear punches and randomly allotted to enriched or non-enriched

(NE) cages at about 3 weeks of age.

5.3.2. Environment

All animals were maintained in the same animal room, at a room temperature of 21 ± 1°C

and 50 ± 10% relative humidity, on a 12/12 hour light/dark cycle and at a light intensity of

150 ± 10 Lux (measured 100 cm above floor level). Sentinel animals were kept in the

same animal room using open cages and provided with dirty bedding from other cages

during the entire experimental period. They were checked for and free from all bacteria

and parasites listed in the FELASA recommendation (NICKLAS et al. 2002, see Appendix

9.4.) and the following viruses: MHV, Rotavirus, Parvoviruses (MVM, MPV), PVM, Sendai

and Theiler’s murine encephalomyelitis.

5.3.3. Housing

All animals were kept in type III Makrolon cages (37.5 x 21.5 x 15 cm) (Scanbur, Køge

Denmark) in the same animal room using open racks, with or without enrichment.

5.3.3.1 Experiment 1

Enriched cages (E1) contained a nest box (the bottom of a type II Makrolon cage, 16 X 22

X 4.5cm), a wooden climbing bar (16.5 X 8.5 cm, pine) and nesting material (cotton-fibre

Nestlets, 5 X 5 cm, EBECO, Castrop-Rauxel Germany). Such an enriched cage is shown

in Figure 5-1.

5.3.3.2. Experiment 2

Enriched cages (E2) contained vertical and horizontal clear safety glass dividers (5 cm

high), modified from HÄMISCH & GÄRTNER 1994)(see Appendix 9.3). Such an enriched

cage is shown in Figure 5-2.
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 4.5 cm

  22 cm

 16 cm 4 cm

 4 cm
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Figure 5-1: Enriched cage (E1) used in experiment 1

 4 cm

37.5 cm

21.5 cm

Figure 5-2: Enriched cage (E2) used in experiment 2

5.3.4. Food and water

Tap water in drinking bottles and a pelleted diet containing 19.0% protein, 4.0% fat, 6%

fiber and 7% ash (Altromin No. 1324, Altromin GmbH, Lage Germany) were given ad

libitum.

5.3.5. Bedding

As bedding, 130-140 g soft wood shavings were provided for each cage (Altromin type 3-

4, Altromin GmbH, Lage Germany). Cage and bedding were changed once a week

(always on Thursdays).
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5.3.6. Test Methods

5.3.6.1. Test and sampling order

All tests and samplings were done sequentially in pairs, using one enriched and one non-

enriched cage. Test and sampling order were inalterable until all mice had been tested or

sampled. Tests or sampling of the same variables was completed within one week.

5.3.6.2. Behavioural tests

Open Field: The Open-Field method was modified from THOMPSON (1953) and PRICE

(1978). The 60 X 60 cm board was divided into 64 numbered squares and enclosed by a

wall 50 cm high. At the beginning of the test, each animal was placed in the central area

as shown in Figure 5-3 and the position of the animal was recorded every 4 seconds for 5

minutes by the number of the square. Mice were tested between 9:00 and 12:00. The

board was cleaned between each animal tested. The light intensity on the board was 2 ± 1

Lux.

Definition:

* Central area and corner are given in Figure 5-3.

* The position of animal was recorded as the square where animal had placed its right

hind leg.

* Travel distance (crossing, cm) was measured between the centres of two recorded

squares within 4 seconds.

* Freezing is defined as the period when an animal stays in the same square longer than

4 seconds.

Food Drive: Food Drive behaviour test was modified from REX et al. (1996). The same

device was used as for the Open Field test. Ten pellets of fresh food were placed in the

central area as shown in Figure 5-3.

Before starting the test food was withheld for 12 hours, but water was available. During

this time a piece of paper towel was substituted for normal bedding. The same test order

(as described above) was always observed.

Mice were placed in the lower right corner for the start. During the test the first touching

time and the eating time were recorded. The test would be stopped when the animals had

not touched the food within 15 minutes. The board was cleaned between each test. The



96

animals were tested between 9:00 and 13:00. The light intensity on the board was 2 ± 1

Lux.

Corner Corner

Corner Corner

Central

area

Figure 5-3: The 60 x 60 cm board used for the Open Field and Food Drive tests

Definition:

* First touching time (seconds) is the time elapsed until the animal reached the central

area and touched the food pellets for the first time.

* Eating time (seconds) was recorded as the length of time the animal stayed in the

central area holding the pellet continuously for more than 30 seconds.

Elevated Plus Maze: The Elevated Plus Maze method was modified from MONTKOWSKI

(1997). The test board consisted of two open and two closed arms measuring 5 × 30 cm

and arranged in the shape of plus. The closed arms were surrounded by a wall 25 cm

high. The central area measured 5 × 5 cm (Figure 5-4). The Elevated Plus Maze was

mounted on a triangular stand 80 cm high. The light intensity on the board was 4 ± 1 Lux

in the open arms, 2 Lux in the central area and 1 ± 1 Lux in the closed arms.

Mice were placed in the central area facing one open arm. The total time (in seconds)

which the animals spent in either arm was recorded over a period of 5 minutes. The

frequency of entering the open arms, the closed arms and the central area was also

recorded.
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30 cm

25 cm

 5 cm
 5 cm

 30 cm

 80 cm

Figure 5-4: Elevated Plus Maze

Definition:

The area where the animals stayed was recorded when the animal had placed its both

front legs inside the area.

5.4. Experimental design

5.4.1. Experiment 1

After arrival at about 3 weeks of age, half of the animals of each of the three strains

BALB/c, C57BL/6 and A/J were marked and randomly allotted to the non-enriched (NE) or

enriched (E1) group, in same-sex groups of four.

Open Field, Food Drive and Elevated Plus Maze behavioural tests were performed at 9,

10 and 11 weeks of age, respectively. Mice were maintained until 15 weeks of age for

other physiological analysis. Health monitoring was performed at the end of experiment

using sentinel animals.

5.4.2. Experiment 2

All procedures were performed as in experiment 1, except mice of enriched group were

provided with E2 housing.
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5.5. Statistics

Data were analysed using StatView ver.5.0 software (SAS Institute Inc., USA, 1998). The

mean values of each cage of every variable were calculated and compared using a three-

factorial analysis of variance with the factors strain, sex and housing, followed by Scheffé

test (significance level 5%) to analyse the effect of housing and the response of strains

and sex under different housing conditions (Lee 1999).

To achieve independence from mean values, the coefficients of variation (SD/mean value)

within cages were used instead of the variance (SD2) to compare the variation between

the NE and E1 or between the NE and E2 groups. The coefficient of variation (CV) of

each cage was calculated separately; the average CV of each variable for every stain and

test were compared using the Wilcoxon signed rank test (nonparametric pair t-test).

As about 75% of the A/J mice failed to come to the central area during the Food Drive test

(24 mice for experiment 1 and 25 mice for experiment 2), the A/J data was not included in

the statistic analysis of the Food Drive test. For other mice which failed to come to the

central area and to touch food within the time limit of 15 minutes, the time was extended

to 16 minutes.

5.6. Results

5.6.1. The effects of different enrichment designs on mean values

While no significant housing difference was found for Open Field test in experiment 1, a

significant difference was found in experiment 2 (F1,12=9.554, P=0.0093 for the travel

distance; F1,12=9.161, P=0.0105 for the freezing), mainly due to the difference in BALB/c

mice between NE and E2 groups (Figures 5-5 and 5-6).

In the Food Drive test a significant housing difference was found only between the NE and

E2 groups (Figures 5-7 and 5-8) for the eating time (F1,12=36.051, P=0.0003).

In the Elevated Plus Maze test, significant housing differences were observed in

experiment 1 (Tables 5-1a and 5-1b); for the time animals spent in the closed and open

arms (F1,12=5.732, P=0.0339 for closed arms; F1,12=10.686, P=0.0067 for open arms)

and for the time the animals spent in the closed arms per entry (F1,12=10.268, P=0.0076),

whereas there was no significant difference between the NE and E2 groups (data given in

Appendix 9.6).
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Figure 5-5: Open Field test - Travel distance (cm)
* NE: Non-enriched group; E: Enriched group.
* Significant housing difference was found in experment 2.
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Figure 5-6: Open Field test - Freezing (frequency)

* NE: Non-enriched group; E: Enriched group.
* Significant housing difference was found in experment 2.
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Figure 5-7: Food Drive test - First touching time (seconds) 
             * NE: Non-enriched group; E: Enriched group.
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 Figure 5-8: Food Drive test - Eating time (seconds)

* NE: Non-enriched group; E: Enriched group.
* Significant housing difference was found in experment 2.
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Strain

A/J

Sex

Male

NE

262.2 (9.1%)

In closed arm (seconds)
E1

270.6 (11.5%)

NE

2.4 (200.0%)

In open arm (seconds)
E1

10.1 (63.6%)

C57BL/6

BALB/c

Female

Male

286.6 (3.1%)

231.9 (8.2%)

Female

Male

226.5 (12.3%)

211.6 (14.7%)

273.1 (3.3%)

200.8 (21.0%)

227.8 (5.4%)

213.4 (11.5%)

16.8 (87.4%)

28.1 (32.0%)

45.8 (56.9%)

30.4 (70.5%)

18.0 (53.4%)

47.5 (45.4%)

46.6 (20.2%)

29.8 (52.2%)

Female 252.6 (12.4%) 207.1 (10.4%) 14.5 (108.68%) 37.8 (25.7%)

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993).
* Significant housing differences were found in both measurements.
* In closed arm and in open arm: The total time in seconds spent by the animals in either arm.

Table 5-1a: The mean values (CV) of Elevated Plus Maze test (Experiment 1)

5.6.2. The effects of different enrichment designs on strain and sex differences

Significant strain differences were found in all housing groups in Open Field test, either in

travel distance or in freezing frequency. No sex difference was found in the Open Field

performance.

In experiment 1 both sexes of enriched C57BL/6 mice needed more time to reach the

central area and to touch food, while both sexes of enriched BALB/c mice started to touch

food earlier during the Food Drive test. There were significant strain differences in the NE

and E1 groups. For experiment 2, both enriched male groups started to touch food earlier
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and both enriched female groups needed more time. Only in the NE group was a

significant strain found difference between BALB/c and C57BL/6 (F1,4=51.500, P=0.0020),

but there was no significant strain difference in the E2 group. No significant sex difference

was found in any housing group.

Strain

A/J

Sex

Male

NE

58.7 (7.1%)

In closed arm/entry (seconds)
E1

47.4 (3.3%)

NE

6.2 (51.8%)

In open arm/entry (seconds)
E1

4.6 (37.60%)

C57BL/6

BALB/c

Female

Male

100.8 (80.0%)

21.0 (4.3%)

Female

Male

17.9 (30.8%)

16.6 (2.7%)

63.4 (32.9%)

15.3 (4.6%)

15.1 (20.9%)

17.8 (2.3%)

2.0 (200.0%)

4.3 (19.4%)

4.6 (31.8%)

5.4 (52.4%)

5.45 (83.3%)

4.8 (27.4%)

4.8 (18.5%)

3.9 (11.9%)

Female 43.0 (83.8%) 22.9 (62.9%) 3.5 (66.6%) 7.9 (66.7%)

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993).
* Significant housing difference was found in closed arm/entry.
* In closed arm/entry and in open arm/entry: The average time in seconds spent by the animals
in either arm per entry.

Table 5-1b: The mean values (CV) of Elevated Plus Maze test (Experiment 1) - continued

In experiment 1 all enriched mice except C57BL/6 female mice needed more time to

reach the central area and eat, while in experiment 2 both enriched male groups started to

eat food later, and both enriched female groups started earlier. There were significant

strain differences in the E1 and E2 groups (F1,4=33.605, P=0.0044 for the E1 group;

F1,4=48.714, P=0.0022 for the E2 group), while no significant strain difference was found

between BALB/c and C57BL/6 in the NE group in either experiment (F1,4=1.537,

P=0.2828 for experiment 1; F1,4=3.744, P=0.1251 for experiment 2). No significant sex

difference was found in any housing group.

In the Elevated Plus Maze test inconsistent strain differences were observed only for the

total time the animals spent in open arm. In comparison to the NE group, in the E2 group

differences of strains were increased for the time the animal spent in an open arm per

entry (F1,6=0.292, P=0.7570 for the NE group, F1,6=6.445, P=0.0320 for the E2 group)

(Figure 5-9). No significant housing effect on sex difference was found in the Elevated

Plus Maze performance.
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Figure 5-9: Elevated Plus Maze test - In open arm/entry (seconds)

*NE: Non-enriched group; E2: Enriched group, modified from Haemisch & Gärtner 1994;

 *Significant strain difference was found in the E2 group.
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5.6.3. The effects of different enrichment designs on the coefficient of variation (CV)

The effects of both enrichment designs on the CV were not consistent, depending on the

strain and variable studied. In comparison to the NE group, A/J and C57BL/6 mice of the

E1 and E2 groups showed increased CV, while BALB/c mice of the E1 and E2 groups had

reduced CV in the Open Field test (Figure 5-9). The BALB/c E1 group as well as the

C57BL/6 and BALB/c E2 groups had higher CV in the Food Drive tests. (Since the

majority failed to enter the central area during Food Drive test, A/J was not included in the

statistical analysis.) All E1 groups had lower CV in the Elevated Plus Maze test than the

NE groups, while in the E2 groups A/J and BALB/c mice showed an increased CV and the

C57BL/6 mice showed a reduced CV (Figure 5-10).

According to these results, both types of enrichment (E1 & E2) had effects on the CV in

both experiments. (The median CV and interquartile range of NE and E1 or E2 groups are

given in Table 5-3.) Using the Wilcoxon signed rank test to compare the pooled CV, a

significant effect could be shown in the Food Drive and Elevated Plus Maze tests. E1

housing had a significant effect on the Elevated Plus Maze test (reduced CV, P=0.0008),

and E2 housing showed a significant effect on the Food Drive test (increased CV,

P=0.0173).
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  Figure 5-10: The comparison of CV between non-enriched and enriched groups

* The  values  show  the  change  of the coefficients of variation under enriched
conditions in relation to standard condition.

* Values (%) = 100 x  (higher CV - lower CV) / lower CV. 
* Values > 0: Enriched groups had higher average CV; Values< 0: Enriched groups

had lower average CV. 
* The data of A/J was not included in statistic analysis of Food Drive test.
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Experiment 1 Experiment 2

( % ) ( % )

           A/J          C57BL/6       BALB/c    A/J          C57BL/6         BALB/c

Behavioural Tests
Median

NE

(Interquartile range)

E1

Median

NE

(Interquartile range)

E2

Open field

Food drive

32.5
( 30.5 )

48.6
( 16.2 )

31.6
( 30.1 )

51.5
( 14.1 )

24.4
( 25.4)

44.4
( 13.4 )

29.7
( 24.7 )

63.2
( 15.7 )

Elevated plus maze 35.0
( 36.9 )

24.4
( 24.4 )

55.2
( 40.9 )

51.3
( 69.5 )

Table 5-2:The median (interquartile range) of CV (%) in behavioural tests

* NE: Non-enriched group;  E1: Enriched group according to Scharmann (1993); E2: Enriched group
modified from Haemisch & Gärtner (1994).

* Data of A/J is not included in food drive test.

5.7. Discussion

In the present study significant housing differences were found in the Elevated Plus Maze

(experiment 1) and in the Open Field and Food Drive tests (experiment 2), indicating that

the effects of E1 housing on the group means was mostly focused on the Elevated Plus

Maze test, while the mean values of the Open Field and Food Drive tests were
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significantly affected by E2 housing. Our results indicate that various types of enrichment

could possibly lead to different effects on the results of behavioural tests.

ROY et al. (2001) reported that early stimulation by environmental enrichment generally

leads to improved learning abilities in rodents, but the effects of environmental enrichment

on emotional reactivity remain more questionable. The inconsistent influences of different

enrichments in our results could explain the various effects of enrichment on behavioural

testing reported in previous studies (MANOSEVITZ 1970, MANOSEVITZ & MONTEMAYOR

1972, MANOSEVITZ & JOEL 1973, WIDMAN et al. 1992, WATSON 1993, PRIOR & SACHSER

1994/95, VAN DE WEERD et al. 1994, WAINWRIGHT et al. 1994, CHAPILLON et al. 1999,

VARTY et al. 2000, TSAI et al. 2002C, TURNER et al. 2002).

Some previous studies (vAN DE WEERD et al. 1994, CHAPILLON et al. 1999, DAHLOBORN et

al. 1996, NEVISON et al. 1999, TSAI & HACKBARTH 1999) have reported that mice of

different strains reacted differently to enrichment in behavioural tests (e.g. Open Field,

Elevated Plus Maze) or physiological measurements (body weight, haematological

analysis, relative organ weights). In the present study strain differences were influenced in

the Food Drive performance of both experiments, while such an effect on the Elevated

Plus Maze performance was observed only in experiment 2. This shows that strain

differences in behavioural performance may be influenced by enrichment (E1 and E2), but

vary according to the variables studied.

In a previous study (TSAI et al. 2002C) it was observed that sex differences of NE, E1 and

E2 were not consistent in DBA/2 mice (Food Drive and Elevated Plus Maze tests). In

comparison with the results of TSAI et al. (2002C) such an effect was not shown in the

present study. This indicates that the effects of enrichment on sex difference are strain-

and test-dependent.

In the present study the number of wounds was recorded during cage changing as

supplementary information. In comparison to the NE group, there was an increased

number of wounds observed for the BLAB/c E2 mice (especially males) during the

experiment, while the BALB/c E1 groups had lower numbers of wounds as compared to

the NE group (no wounds were found in A/J and C57BL/6 mice). As both BLAB/c enriched

groups (E1 and E2) showed higher Open Field activities, it shows that the widely accepted

hypothesis that anxiety inhibits exploratory or locomotor behaviour in novel situation may

not be the main factor affecting the results of behavioural tests. Other factors, such as

genetic influences and the differential impacts of inheritable traits (e.g. the facilitation of

locomotor activity and the training of skills) may also play a role (CLAUSING & NOVAKOVA
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1990, PRIOR & SACHSER 1994/95, KEMPERMANN et al. 1998, ZIMMERMANN et al. 2001).

Therefore such behavioural performance could not be linked to the well-being status of

animals in cages.

One particularly interesting finding of this study was the effect of enrichment on the CV. In

general the probability of finding an increased CV in E2 groups was higher than in E1

groups compared to NE groups. E1 housing often led to an increased CV in the Open

Field and Food Drive tests and to a decreased CV in the Elevated Plus Maze test. E2

housing resulted in an enhanced CV for most parameters. Furthermore the probability of

finding an increased CV in enriched A/J and C57BL/6 groups was higher than in enriched

BALB/c groups in comparison with NE groups. This indicates that the effects of

enrichment on variation depend on the enrichment type, strain and the variables studied in

experiments. Such different effects have been reported or could be obtained from data

published in previous reports (THIESSEN et al. 1962, WATSON 1993, SCHAPIRO & KESSEL

1993, HÄMISCH & GÄRTNER 1994, BERGMANN et al. 1994/95, VAN DE WEERD et al. 1997,

ESKOLA et al. 1999, NEVISON et al. 1999, MERING 2001, ROY et al. 2001, TSAI et al. 2002a,

2002b & 2002c).

In summary the present study demonstrates that E1 housing can significantly affect the

results of the Elevated Plus Maze test, while E2 housing had effects on the Open Field

and Food Drive tests. Strain differences in the Food Drive test were affected by E1 and E2

housing, but strain differences in the Elevated Plus Maze performance was influenced

only by E2 housing. Thus enrichment designs (E1 and E2) could lead to different effects

on the results of behavioural tests. Sex differences were not affected by either type of

enrichment. The effects of enrichment designs (E1 and E2) on variation are not

consistent, but vary according to strain and the variable studied.
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6.1. Methods

6.1.1. Breeding performance

Breeding performance can be influenced by many factors, such as the way mice were

handled, the diet, the environment (including temperature, humidity, noise), health status.

Thus during the experiment DBA/2 mice were kept in the same animal room, provided the

same diet and were handled only by one and the same person. And at the end of

experiment the health was monitored (see 2.3.6).

The present study observed that enrichment led to a significantly decrease in the total

number of pups born, but enrichment showed a positive influence on raising pups at the

beginning phase. Both effects resulted in a non-significant difference in breeding index.

This shows that the breeding performance is suitable to detect the overall effects of the

environment. Thus breeding performance can be used for comparing the well-being status

between different housing conditions.

6.1.2. Behavioural tests

The three behavioural tests are widely used for assessing the anxiety of animals in a

novel environment. In the present study there were significant effects of enrichment on

behavioural performance, but the number of wounds and behavioural performance were

unassimilated in BALB/c mice (see 5.7). It shows that the results of these behavioural

tests are not linked to the well-being status of mice within cages.

PRIOR & SACHER (1994/95) concluded that the permanent use of enrichment

(SCHARMANN’s design) had led to a training of motor skills and a facilitation of locomotor

activity in enriched mice and thereby the profound changes in behaviour are presumably

due to a combined effect on locomotor activity, sensorimotor skills and emotionality. This

can also explain the results observed in the present study.

As enrichment has effects on the behavioural performance, the evaluation on behavioural

performances is necessary, but those tests are not suitable for the comparison of well-

being status under difference housing conditions.

6.1.3. Haematological analysis

In the present study the values of haematological analysis were similar between NE and

E1 groups (see Table 4-1), especially RBC, HGB and HCT. Our findings are comparable

to those of CHVÉDOFF et al. (1980), DAHLBORN et al. (1996) and ESKOLA et al. (1999);
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housing conditions did not significantly influence the haematological data. This indicates

that haematological data (group means) is not sensitive to the environmental change in

this study.

Haematological data were obtained using a Cell Counter System 9000 (Serono-Baker

Diagnostics, Allentown Pennsylvania USA). The diluted blood samples were counted by

an automatic cell counter system. Since this counter system was developed for measuring

human blood, the machine-counted numbers (WBC) were much higher than hand-

counted one. Therefore the machine and hand counted data were compared. According to

the results there is a significant correlation between hand counting and machine counting

(hand counted value=0.395 x machine counted value, P=0.0121). Thus the machine

counted numbers did not affect the evaluation, as the present study focused on the effects

of enrichment on haematological data.

6.1.4. Corticosterone and thyroxine (T4) measurement

HAEMISCH & GÄRTNER (1994) demonstrated that significantly higher aggression (attack

behaviour, against intruder or cagemates) did not reflect to a higher corticosterone

concentration (group means), when the mice have maintained permanent dominance (e.g.

CBA/J mice). This finding can explain that BALB/c E2 mice of the present study had

higher number of wounds (group means was two times higher than NE mice), but lower

average corticosterone levels (data given in Appendix 9.5). Thus only when dominant

mice of each cage are frequently changed (e.g. DBA/2), the group means of

corticosterone concentration are suitable for comparing the well-being status of mice

among different housing conditions.

Furthermore HAEMISCH & GÄRTNER (1997) showed that dominant mice were characterized

by the highest and subdominant passive mice by the lowest plasma corticosterone titers,

thus the measurement of corticosterone can give an overview about the dominance within

cages. According to their finding, the CV of corticosterone concentration of each cage can

give information about the intensity of social hierarchy within cages.

In the present study the T4 concentrations of NE, E1 and E2 groups are similar (data

given in 3.6.1 and Appendix 9.4). This indicates that plasma T4 concentrations of mice are

not sensitive to the changing of housing condition. Thus T4 is not suitable to detect the

effects of different housing conditions.
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6.2. The effects of enrichment

6.2.1. The effects on breeding performance

In general enrichment (E1) led to a decrease in the total number of litters and a

significantly reduced total number of pups born, especially in ventilated cabinet and IVC

rack, due to a higher abortion rate.

BARLOW et al.  (1975) reported that the high corticosterone levels present during chronic

stress in the pregnant mouse are sufficient to cause abnormal development (incidence of

cleft palate) in the foetus. Such abnormal development may be the reason that in the

present study the average abortion rate of E1 group was 1.5 times higher of than NE

group.

A decreased breeding index (young weaned/week/dam) was also found in all rack

systems, but no significant housing difference was found (see 2.6.1.3), as enrichment had

a positive influence on raising pups in the beginning phase.

As mice and rats show nest-building behaviour (LEE & WONG 1970, GANDELMAN 1975,

NORRIS & ADAMS 1976, ELLISON 1995, SHERWIN 1997), E1 housing was expected to have

a benefit on breeding performance. In contrast to this assumption, the breeding

performances of both housing conditions were comparable; E1 housing did not improve

the reproduction because of the influences of enrichment on the abortion rates and raising

pups.

Our results indicate that:

1) The well-being status of DBA/2 mice was not improved by E1 housing;

2) The effects of enrichment (E1) vary according to the rack systems used for a study;

3) The enrichment objects of E1 may play different roles.

6.2.2. The effects on physiological traits and behavioural performance

The data of the present study (data given in 3.6, 4.6, 5.6 and Appendix 9.4–9.8)

demonstrated that environmental enrichment (E1 and E2) can significantly influence

experimental results in physiological traits and behavioural performance of mice (see 3.6,

5.6 and 9.8). E1 housing had effects only on the Elevated Plus Maze performance, while

significant differences were found in the Open Field and Food Drive tests and in relative

organ weights (adrenal, kidney, spleen and liver) due to E2 housing. Thus the effects of
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both enrichment designs (E1 and E2) are not consistent, depending on the variables

studied.

PRIOR & SACHER (1994/95) concluded that enrichment (SCHARMANN’s design) led to a

training of motor skills and a facilitation of locomotor activity in enriched mice. In the

present study E2 housing had disparate influences when compared with E1. This may be

due to that E1 and E2 were designed for different functions (E1: nest building and

climbing, E2: burrow, described in 1.7).

Due to such effects of enrichment designs and the wide variety of enrichment designs

considered, it will be difficult to compare experimental results between various study

groups (BENEFIEL & GREENOUGH 1998, Ananthaswamy 2002).

In addition the reaction patterns of strains to enriched housing conditions were not

consistent. This accounts for inconsistent strain differences in the NE and enriched (E1 or

E2) groups in some physiological variables and behavioural performances (WBC, HGB,

HCT and Food Drive and Elevated Plus Maze performances, see 4.6.2 and 5.6.2).

Furthermore the differences between sexes of DBA/2 mice were influenced due to

enrichment (E1 or E2) for relative weights of liver, kidney and spleen as well as for the

Food Drive and Elevated Plus Maze performances (see 3.6.2), but not of A/J, BALB/c and

C57BL/6 mice. Thus the same enrichment design can have different influences depending

on the strains used (similar to the findings of previous studies: vAN DE WEERD et al.  1994,

NEVISON et al.  1999). This may change the experimental results when a study, using

enriched housing condition as ours, focuses on strain differences.

6.2.3. The effects on variance

The majority of statistical tests are basically comparing the size of the effect (the biological

“signal”) relative to the amount of variability in the data hence. As the biological effects

may be hidden by a large variation in an experiment (FESTING et al. 2002), the effects of

enrichment on variation need to be studied.

Using the Wilcoxon signed rank test to compare the pooled CVs of the two housing

conditions (NE and E1 or NE and E2) showed significant effects on physiological traits,

Open Field and Food Drive tests (increased CVs, due to E2 housing) and on Elevated

Plus Maze (reduced CVs, due to E1 housing) (Tables 6-1a and 6-2a).

In comparison with NE groups there was a tendency towards:

1) An increased CV in both enriched groups (physiological traits, Open Field and Food

Drive tests);
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2) A decreased CV in E1 groups (Elevated Plus Maze performance);

3) An increased CV in enriched A/J, C57BL/6 and DBA/2 groups and a decreased CV in

enriched BALB/c group (Tables 6-2a and 6-3a).

Furthermore the probability of finding an increased CV in enriched female groups is higher

than in enriched male groups. The probability of finding an increased CV in E2 groups is

higher than in E1 groups (Tables 6-2b and 6-3b). Such tendencies can also be seen by

data published in previous reports (HÄMISCH & GÄRTNER 1994, BERGMANN et al. 1994/95,

VAN DE WEERD et al. 1997, NEVISON et al. 1999, ROY et al. 2001).

According to the present results, to achieve statistical power the necessary number of

animals need to be increased in most physiological traits and in the Open Field and Food

Drive tests, especially when A/J, C57BL/6 and DBA/2 are used for a study.

Enrichment (E1 and E2) also affects the CV of corticosterone concentration. In general

enriched groups had more often an increased CV when compared with NE groups.

Especially a tendency towards increased CV in C57BL/6 enriched mice were found. Thus

the intensity of social hierarchy might be increased or decreased, depending on the strain

and sex studied. (As described in 6.1.4 the CV of corticosterone concentration of each

cage can give information about the intensity of social hierarchy within cages.)

According to these results providing enrichment (E1 and E2) may not improve the well-

being of mice in every strain and sex.

Strain

A/J

E1 > NE

14

Physiological traits
E1 < NE

8

E1 > NE

3

Open field & Food drive
E1 < NE

1

E1 > NE

2

Elevated plus maze

s

E1 < NE

10

Count

BALB/c

C57BL/6

8

16

DBA/2

Total

14

52

s

14

6

8

36

2

6

7

18

6

2

s 1

10

2

6

8

18

s 10

6

4

30

Mean Rank

P-value

   * NE: Non-enriched;  E1: Enriched according to Scharmann 1993.
   * The CVs of NE and E1 groups were pooled and compared using Wilocoxon signed rank (nonparamatric pair test).

43.020 

   * Data contained 4 strains of mice (A/J, BALB/c, C57BL/6 and DBA/2, both sexes), except A/J data of Food Drive test.

   * Physiological variables: relative body weight gain, relative organ weights and haematological data.
   * E1 > NE: CV of E1 group is higher than NE group; E1 < NE: CV of E1 group is lower than NE group.
   * s: Significant difference

0.4219 

46.447 15.722 

0.0685

12.300 17.167 

 0.0042 s

28.900 

 Table 6-1a: The comparison of CVs between NE and E1 groups
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Strain

Male

E1 > NE

20

Physiological traits
E1 < NE

24

E1 > NE

10

Open field & Food drive
E1 < NE

4

E1 > NE

10

Elevated plus maze
E1 < NE

14

Count

   * NE: Non-enriched;  E1: Enriched according to Scharmann 1993.
   * Data contained 4 strains of mice (A/J, BALB/c, C57BL/6 and DBA/2), except A/J data of Food Drive test.

Female

Total

32

52

s 12

36

8

18

6

10

8

18

s 16

30

   * Physiological variables: WBC, RBC, HGB, HCT, growth rate and relative organ weights.

   * E1 > NE: CV of E1 group is higher than NE group; E1 < NE: CV of E1 group is lower than NE group.

   * s: Significant difference

 Table 6-1b: The comparison of CVs between NE and E1 groups - continued

Strain

A/J

E2 > NE

13

Physiological traits
E2 < NE

9

E2 > NE

2

Open field & Food drive
E2 < NE

2

E2 > NE

5

Elevated plus maze
E2 < NE

7

Count

BALB/c

C57BL/6

14

11

DBA/2

Total

16

54

8

11

s 6

34

4

7

7

20

s

4

1

s 1

8

5

3

6

19

s

7

9

6

29

Mean Rank

P-value

   * NE: Non-enriched;  E2: Enriched group, modified from Haemisch & Gärtner 1994.

   * The CVs of NE and E2 groups were pooled and compared using Wilocoxon signed rank (nonparamatric pair test).

46.481 

   * Data contained 4 strains of mice (A/J, BALB/c, C57BL/6 and DBA/2, both sexes), except A/J data of Food Drive test.

   * Physiological variables: WBC, RBC, HGB, HCT, growth rate and relative organ weights.

   * E2 > NE: CV of E2 group is higher than NE group; E2 < NE: CV of E2 group is lower than NE group.
   * s: Significant difference

0.0216 s

41.353 16.250 

0.0055 s

10.125 21.474 

0.1142 

26.483 

 Table 6-2a: The comparison of CVs between NE and E2 groups

Strain

Male

E2 > NE

28

Physiological traits

s

E2 < NE

16

E2 > NE

8

Open field & Food drive
E2 < NE

6

E2 > NE

9

Elevated plus maze

s

E2 < NE

15

Count

   * NE: Non-enriched;  E2: Enriched group, modified from Haemisch & Gärtner 1994.
   * Data contained 4 strains of mice (A/J, BALB/c, C57BL/6 and DBA/2), except A/J data of Food Drive test.

Female

Total

26

54

18

34

12

20

s 2

8

10

19

14

29

   * Physiological variables: WBC, RBC, HGB, HCT, growth rate and relative organ weights.

   * E2 > NE: CV of E2 group is higher than NE group; E2 < NE: CV of E2 group is lower than NE group.

   * s: Significant difference

 Table 6-2b: The comparison of CVs between NE and E2 groups - continued
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6.2.4. Other effects

GÄRTNER (1999) mentioned that the estimations of blood corticosterone levels and of traits

linked to lipid metabolism and patterns of confrontation behaviour are particularly prone to

disturbances by cage enrichment. NEVISON et al. (1999) observed that stereotype

behaviour and corticosterone levels were highly correlated in non-enriched groups, but not

in enriched groups.

In agreement with GÄRTNER (1999) and NEVISON et al. (1999), the results of the present

study observed that significant correlations between relative adrenal weights and

corticosterone levels were existent in NE groups (P=0.0002 for males, P=0.0005 for

females), but no correlations were found in enriched groups.

This shows that the indicators, which are often used for assessing well-being, are no

longer correlated, when animals are enriched. Thus the common measures of stress,

such as alterations in behaviour or changes in hormone secretion, may not be suitable as

there is no direct correlation between changes in these characteristics and animal well-

being.

In addition some enrichment designs (see Tables 1-2) can increase a naturally selected

territorial response as it has been demonstrated in previous studies (MCGREGOR & AYLING

1990, HÄMISCH & GÄRTNER 1994, BERGMANN et al. 1994/95, NEVISON et al. 1999, VAN LOO

et al. 2002). Similar to those studies an increased territorial behaviour was also observed

in BALB/c E2 groups during our experiment when compared with NE group. Such

behaviour resulted in an enhanced aggression (higher numbers of bites or fighting). Thus

enrichment had an effect on experimental results and did not improve animal well-being.

This also indicates that to simulate an animal's natural habitat and ecology or to provide

natural materials and settings might not ensure well-being (MERING 2000).

6.2.5. The balance between “Reduction“ and “ Refinement“

As described in 1.1 both “Reduction“ and “Refinement“ are involved into animal

experiments.

From a statistical view, a reduced inter-individual variation of measured values lowers the

number of animal needed per experiment (BEYNEN et al. 2001). A reduced variation can

be achieved by choosing suitable experimental designs and procedures, by increasing the

accuracy of measurement, by controlling environmental factors and by standardizing the

animal population (using more genetically uniform animals such as inbred strains or F1

hybrids) (MERING 2000, VAN ZUTPHEN 2001, FESTING et al. 2002).
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As stated above (6.2.1.), enrichment has an effect on mean values and variation. The

effect on group means can possibly be solved by using a same (standardised?) enriched

housing and build up new reference data. But the increase in the variation will increase

the necessary number of animals needed for a given experiment. Thus researchers need

to balance the number of animals versus a possibly enhanced well-being.

An optimal enrichment should be safe for both animal and care taker, economical for use

with large numbers of animals, easy to keep hygiene level, suitable for the same species,

not encourage the territorial behaviour or intermale aggression within groups and not

interfere with the purpose of the studies in which they are used (SCHARMANN 1991, OROK-

EDEM AND KEY 1994, NEWBERRY 1995, CHMIEL AND NOONAN 1996, SHERWIN 1997, KROHN

1998, NEVISON 1999, MERING 2000, NEVALAINEN 2001).

Before an optimal enrichment will be set up researchers have to collect more information

about the effects of enrichment designs on the mean values and the variance, and they

have to balance the importance between “Reduction“ and “Refinement“. When an

experiment will harm animals severely, it may be better to use less non-enriched animals

than large amount of enriched animals. When refinement conflicts with reduction,

researchers themselves will need to consider ethic balance, and make their own decision.

Failure to do so will result in welfare procedures that do not work and in research results

that are uninterpretable.

6.2.6. A reliable method for evaluating animal needs

The present study showed that environmental enrichment has effects on the experimental

results of mice (see 6.2.2). And enrichment also had effects on strain and sex differences

(see 4.6.2 and 5.6.2). Such changes will make it difficult to compare the results of different

experiments, unless researchers standardise the living conditions of laboratory animals

(Ananthaswamy 2002).

To approach this purpose (standardised enrichments?) it will be necessary to specify the

type of environmental enrichment, that is valuable and appropriate before useless, even

damaging and expensive changes are mandated (WOOLVERTON et al.  1989). In laboratory

rats and mice, preferences for cagemates and environmental stimulation are not clear,

and the ability of these provisions to enhance animal well-being has not been proven

(BENEFIEL & GREENOUGH 1998). Thus an important topic is “How to recognize the needs

of rats and mice and to distinguish the necessary and luxury needs for designing a

suitable enrichment?”
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Important welfare consequences arise from the fact that some behavioural patterns may

be strongly suggested as to constitute a "need". When a behavioural pattern presents in

any type of environment provided, it can be concluded to be a need (DUNCAN 1992,

MENCH 1998). Thus the necessary needs of animals are generally conceptualised as

those behaviours that the animal must perform regardless of environmental circumstances

(a strong demand, such as eating, drinking, sleep of mice and rats) (MENCH 1998,

GÄRTNER 2002).

Many enrichment designs were recommended on the basis of preference tests (ARNOLD &

ESTEP 1994, BLOM et al. 1996, CHMIEL & NOONAN 1996, SCHERWIN 1996, VAN DE WEERD

et al. 1996, HEIZMANN et al. 1998, VAN DE WEERD et al. 1998, BANJANIN & MROSOVSKY

2000, PATTERSON-KANE 2002). Generally preference tests give a first indication of what

animals prefer and are therefore valuable in animal well-being studies. But preference

tests can only give information about the relative properties of the choices given; it can’t

be distinguished between important choices and not-so-important ones (between so-

called "necessities" and "luxuries") and can be shaped by many factors, such as previous

experience, the choices offered and testing methods used as well as the duration of

experiments (short-term choices may conflict with long-term welfare).

It will be possible to overcome these difficulties of interpretation by giving a wide range of

choices and by measuring the strength of the preference to find out how hard the mice will

work or what price they will pay to gain access to their strong demand (DAWKINS 1983,

DUNCAN 1992, SHERWIN 1996, MENCH 1998, GÄRTNER 2001).

Further studies should focus to establish the suitably obstructive techniques and

experimental procedures to offer a better understanding of the needs of mice and to

develop a reliable assessment, subsequently to find a suitable method for improving

animal well-being.
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7. Summary / Zusammenfassung

7.1 Summary

Ping-Ping Tsai

Impact of environmental enrichment and caging on physiology and behavior of mice

A wide variety of enrichment designs has been used or suggested to modify the cage

environment for improving well-being of laboratory animals, but there is limited information

about the effects of enrichment on experimental results (especially the effects on

variation). Since laboratory animals are used for scientific purposes, it becomes

indispensable to investigate the effects of enriched housing on experimental results, to

insure that their precision and accuracy are not affected by enrichment.

Thus the present study focused on the impacts of environmental enrichment on breeding

performance, physiological traits (such as haematological data, body weight and relative

organ weights) and behavioural performance, including the group means and variation.

Sixty DBA/2 breeding pairs were used to understand the effect of various rack systems

and the influence of enrichment. Four inbred strains of mice (A/J, BALB/c, C57BL/6 and

DBA/2) were used for sequential experiments, in a total number of 240 (half for each sex),

to collect information about the effect of enrichment on physiological traits and behavioural

tests. All animals were maintained in a health status equivalent to specific pathogen free

(SPF) condition. Health monitoring was performed at the end of each experiment using

retired breeders or sentinel animals.

Following 4 weeks of adaptation 60 DBA/2 breeding pairs (obtained from Charles River)

were randomly divided into three rack systems: a ventilated cabinet, a normal open rack

and an individually ventilated cage rack (IVC rack) with enriched (according to

SCHARMANN 1993) or non-enriched type II elongated Makrolon cages, half for each

housing. Reproduction performance was recorded from 10 to 40 weeks of age.

A/J, BALB/c, C57BL/6 (originated from Harlan Winkelmann) and DBA/2 (obtained from

Elevage Janvier) were used for the sequent experiments. Animals at 3 weeks of age were

marked and assigned randomly to enriched or non-enriched type III Makrolon cages with

equal numbers of cages in same-sex groups of four. Two enrichment designs (E1,

enriched according to SCHARMANN 1993; E2, enriched group, modified from HAEMISCH

AND GÄRTNER 1994) were provided in this study. Behavioural tests (Open Field, Food

Drive and Elevated Plus Maze) were performed from 9-11 weeks of age. At 14 weeks of

age blood samples were collected for haematological analysis. At 15 weeks of age

animals were euthanized in their home cages final body weights were recorded and
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blood samples for corticosterone (CORT) and Thyroxine (T4) measurement were

collected. Organ weights were measured following blood sampling.

The data of the present study shows that:

1. Over a long-term (30 weeks) breeding period the effects of rack systems on breeding

index were minor. But DBA/2 mice needed more time to adapt to the IVC rack as

compared with the ventilated cabinet and standard open rack. And there is an

individual difference in the capability of DBA/2 mice to adapt to the IVC rack.

2. E1 housing (according to SCHARMANN 1993) did not improve the reproduction and the

influences of enrichment on the breeding performance vary according to the different

rack systems. The variation of breeding performance increased in all rack systems

due to enrichment.

3. The effects of enrichment designs (E1 and E2) are not consistent, but vary according

to the variable studied. E1 housing had significant effects on Elevated Plus Maze

performance, while significant differences were found in Open Field and Food Drive

tests and in relative organ weights (adrenal, kidney, spleen and liver) due to E2

housing.

4. Strains reacted differently to enrichment (E1 and E2). Thus enrichment influenced

strain differences on the white blood count, haemoglobin and haematocrit and on the

Food Drive and Elevated Plus Maze performance. And enrichment affected sex

differences on DBA/2 mice for physiological traits (relative weights of spleen, kidney

and heart) and behavioural performances (Food Drive and Elevated Plus Maze tests).

5. The effects of enrichment on physiological traits are more focused on the variance

than on the mean values. Enrichment significantly affected behavioural performance

(group means and variations). In comparison with NE groups there was a tendency

towards an increased CV in enriched groups, especially in physiological traits and in

Open Field and Food Drive tests.

According to these results environmental enrichment can affect experimental results and

will not automatically improve well-being. Therefore “Reduction” and “Refinement” may

conflict with each other. Thus it will be necessary to evaluate the effects of environmental

enrichment before an enrichment design is applied.

Prerequisite for further studies will be to establish a reliable method and assessment

procedure and to find ways to evaluate the effects of the enrichment on well-being. Failure

to do so will result in welfare procedures, that do not work, and research results, that are

uninterpretable.
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7.2 Zusammenfassung

Ping-Ping Tsai

Der Einfluss von Umweltanreicherung und Haltung auf die Physiologie und das Verhalten

von Mäusen

Eine Vielzahl vom Haltungsanreicherungen werden eingesetzt oder empfohlen, um die

Käfigumwelt von Versuchstieren so zu verbessern, dass ihr Wohlbefinden gesteigert wird,

aber nur wenig Information liegt darüber vor, ob die Auswirkung derartiger

Käfiganreicherungen die Versuchsergebnisse beeinflussen (insbesondere hinsichtlich der

Auswirkung auf die Streuung). Da aber Versuchstiere für wissenschaftliche

Fragestellungen eingesetzt werden, ist es unabdingbar, auch die Auswirkungen einer

angereicherten Haltung auf die Versuchsergebnisse zu untersuchen, um sicherzustellen,

dass ihre Präzision und Zuverlässigkeit nicht durch die Haltungsanreicherung beeinflusst

werden.

Deshalb war es Ziel der vorliegenden Untersuchungen, den Einfluss von

Haltungsanreicherungen auf die Zucht, auf physiologische Merkmale (wie Hämatologie,

Körpergewicht und relative Organgewichte) und auf das Verhalten zu untersuchen, und

das sowohl anhand der Mittelwerte als auch anhand der Streuung.

Sechzig DBA/2 Zuchtpaare wurden eingesetzt, um den Einfluss von verschiedenen

Haltungssystemen und -anreicherungen zu verstehen. Vier Mäuse-Inzucht-Stämme (A/J,

BALB/c, C57BL/6 und DBA/2) wurden für die folgenden Versuche verwendet, insgesamt

240 Tiere (jeweils die Hälfte für jedes Geschlecht), um Informationen über den Einfluss

von Haltungsanreicherungen auf physiologische Merkmale und das Verhalten zu

bekommen. Alle Tiere wurden unter spezifiziert freien (SPF) Bedingungen gehalten. Der

Gesundheitsstatus wurde am Ende eines jeden Versuchs bestimmt unter Verwendung

von alten Zuchttieren bzw. von Anzeigertieren.

Nach einer 4-wöchigen Adaptation wurden 60 DBA/2-Zuchtpaare (Lieferant: Charles

River) per Zufall auf drei verschiedene Haltungssysteme: ein ventilierter Schrank, eine

konventionelles offenes Gestell und ein individuell ventiliertes Käfigsystem (IVC) jeweils

mit angereichertem (nach SCHARMANN 1993) und nicht-angereichertem verlängertem

Makrolon Typ II verteilt, jeweils die Hälfte für jede Anreicherung. Der Zuchterfolg wurde

von der 10. bis zur 40. Lebenswoche registriert.

A/J, BALB/c und C57BL/6 (Lieferant: Harlan Winkelmann) und DBA/2 Mäuse (Lieferant:
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Elevage Janvier) wurden für den folgenden Versuch eingesetzt. Die Tiere wurden im Alter

von 3 Wochen markiert und auf angereicherte und nicht angereicherte Typ III Makrolon

Käfige zufallsverteilt mit jeweils vier gleichgeschlechtlichen Tieren pro Käfig. Zwei

unterschiedliche Haltungsanreicherungen (E1, angereichert nach SCHARMANN 1993;

E2, angereichert in Anlehnung an HÄMISCH und GÄRTNER 1994) wurden in dieser

Untersuchung verwendet. Verhaltenstests (Open Field, Food Drive und Elevated Plus

Maze) wurden im Alter von 9 bis 11 Wochen durchgeführt. Im Alter von 14 Wochen wurde

Blut für hämatologische Untersuchungen genommen. Im Alter von 15 Wochen wurden die

Tiere in ihrem Heimat-Käfig euthanasiert und das Körpergewicht registriert sowie Blut für

die Bestimmung von Kortikosteron (CORT) und Thyroxin (T4) gesammelt. Nach der

Blutentnahme wurden die Organgewichte bestimmt.

Die Daten der vorgestellten Untersuchungen zeigen, dass:

1. Über eine  lange Zuchtperiode (30 Wochen) die Auswirkungen auf den Zuchtindex

gering waren. Allerdings benötigten DBA/2 Mäuse mehr Zeit, um an das IVC-System

zu adaptieren im Vergleich zum ventilierten Schrank und dem offenen Regalsystem. Es

gibt einen individuellen Unterschied im Adaptationsvermögen an das IVC-System bei

DBA/2-Mäusen.

2. E1 Haltungsanreicherung (nach SCHARMANN 1993) den Zuchterfolg nicht verbesserte

und je nach Haltungssystem variierte. Die Streuung des Zuchterfolgs vergrößerte sich

in allen Haltungssystemen unter angereicherten Bedingungen.

3. Die Auswirkungen der verschiedenen Haltungsanreicherungen (E1 und E2) nicht

konsistent sind, sondern sich je nach untersuchtem Merkmal unterscheiden. E1

Haltungsanreicherung zeigte einen signifikanten Einfluss auf die Ergebnisse des

Elevated Plus Maze, während signifikante Einflüsse der E2 Anreicherung auf den Open

Field, den Food Drive Test und die relativen Organgewichte (Nebenniere, Niere, Milz

und Leber) gefunden wurden.

4. Die Stämme unterschiedlich auf die Haltungsanreicherungen (E1 und E2) reagierten.

So beeinflussten die Haltungsanreicherungen die Stammesunterschiede der

Leukozytenzahl, der Hämoglobin-Konzentration und des Hämatokrits, des Food Drive

und des Elevated Plus Maze Tests. Darüber hinaus hatten die Haltungsanreicherungen

einen Einfluss auf den Geschlechtsunterschied physiologischer Merkmale (relativer

Gewichte von Milz, Niere und Herz) und das Verhalten (Food Drive und Elevated Plus

Maze) von DBA/2 Mäusen.
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5. Der Einfluss der Haltungsanreicherungen auf die physiologischen Merkmale sich

verstärkt auf die Streuung auswirkt und nicht so stark auf die Mittelwerte.

Haltungsanreicherungen wirken sich signifikant auf das Verhalten (Mittelwerte und

Streuung) aus. Im Vergleich mit nicht angereicherten Gruppen zeigt sich eine Tendenz

in Richtung eines erhöhten Variationskoeffizienten in angereicherten Gruppen,

besonders bei physiologischen Merkmalen und im Open Field und Food Drive Test.

Die Ergebnisse belegen, dass Umweltanreicherungen Versuchsergebnisse beeinflussen

können und nicht notwendigerweise das Wohlbefinden verbessern. Somit können

"Reduktion" und "Refinement" sich gegenseitig ausschließen. Deshalb ist es notwendig,

die Auswirkungen einer Haltungsanreicherung zu kennen, bevor sie eingesetzt wird.

Voraussetzung für weitere Untersuchungen ist es, dass eine zuverlässige Methode und

Mittel und Wege gefunden werden, um die Auswirkungen von Haltungsanreicherungen

auf das Wohlbefinden zu messen. Sollte das nicht gelingen, so wird das zu

Tierschutzmaßnahmen führen, die nicht zum Ziel führen und zu Forschungsergebnissen,

die nicht interpretierbar sind.
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9. Appendix

9.1. The Characteristics of Inbred Strains A, C57BL/6, BALB/c and DBA/2 (according

to FESTING 1979, HANSEN et al. 1982, FOX & WITHAM 1997 and FESTING 1998)

9.1.1. Strain: A

Strain A is a general-purpose strain. It is the third most widely used strain in cancer and

immunology research. It is well known for a high susceptibility to induction of congenital

cleft palate by cortisone and for a high incidence of spontaneous and chemically induced

lung adenomas.

Origin: Strain A was bred by Strong, 1921, from a cross between the Cold Spring Harbor

and Bagg albino random-bred stock. They were transferred from Strong to Cloudman in

1928 and to the Jackson Laboratory in 1947. In 1978 they were transferred from GD

Searle, High Wycombe, to OLAC (now Harlan UK).

Life-span: The life-span in males is 490-662 days, in females 558-668 days.

Reproduction: Intermediate breeding performance has been reported as their colony

output was about 0.9 young per female per week and the litter size at weaning was about

4.4–4.9.

9.1.2. Strain: BALB/c

BALB/c mice were used as a general-purpose strain in many different disciplines. There

were subsequently distributed, among the top five most widely used strains. They are

used in immunology, virology, cancer research and parasitology. This strain is particularly

well known for the production of plasmacytomas following injection with mineral oil. These

tumours form the basis for the production of monoclonal antibodies.

Origin: Strain BALB derived from an albino stock acquired by H. Bagg in 1913. In 1923

they were inbred from Bagg albino by McDowell. In 1932 they were transferred to Snell

(who added the “/c”) at F26. After 1940 they were transferred to the Jackson Laboratory,

Bar Harbor. In 1955 they were transferred from the Jackson Laboratory to the Laboratory

Animals Centre, Carshalton. They were further transferred to the Clinical Research

Centre, Harrow and then to OLAC (now Harlan UK) in 1976.

Life-span: The life-span in males is 400-539 days, in females 575-648 days.

Reproduction: They have good breeding performance (colony output: 1.18

young/female/wk or 3.24 young/female/month, litter size at weaning: 5.1-5.6), long
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reproductive lifespan, low pre-implantation loss of embryos, but high post-implantation

losses.

9.1.3. Strain: C57BL/6

Strain C57BL/6 is the most widely used strain, over 14 % of all inbred strains used. They

were also widely used at the Jackson Laboratory as the “standard“ inbred strain and have

been used as genetic background for a wide range of mutants such as obese, diabetes

and beige. It is a long-lived strain, highly resistant to the mammary tumour virus and to

audiogenic seizures. This strain is often used for studying behaviour, pharmacology,

immunology, gerontology and cancer research.

Origin: They were inbred from a brother-sister pair (57× 52) of Miss Lasthrop’s stock. The

C57BL colony was split into the 6 and 10 sublines prior to 1937. In 1946 they were

transferred to the Jackson Laboratory, Bar Harbor. In 1974 they were transferred to the

Laboratory Animals Centre, Carshalton from the Jackson Laboratory and then to OLAC

(now Harlan UK) in 1983.

Life-span: The life-span in males is 676-787 days, in females 692-818 days.  The median

life-span is 600 days.

Reproduction: They have good reproductive performance (breeding index: 2.5

young/female/month; litter size: 6.2-6.6).

9.1.4. Strain: DBA/2

DBA/2 mice are a widely used substrain of DBA (the oldest inbred strain of mice). This

strain is very sensitive to diseases. Audiogenic seizures in this strain have been observed

in 100% at 35 days (5% after 55 days). This strain is widely used in biomedical research

such as pharmacology, immunology, toxicology, behaviour and cancer research.

Origin: Strain DBA was developed by CC. Little in 1909 from a stock segregating for coat

color. In 1929-1930 crosses were made between sublines and several new sublines were

established, including the widely used sublines /1 and /2. They were transferred to the

Jackson Laboratory in 1948 at F26 and then to Milder in 1938. In 1951 they were

transferred to NIH from Mider at F34 and then to CRL in 1974. In 1988 DBA/2J mice were

transferred from the “Zentral Institut für Versuchstierzucht” (Hannover, Germany) to

Elevage Janvier at F143.

Life-span: The life-span of males is 629-722 days, of females 683-719 days.
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Reproduction: DBA/2 mice have poor breeding performances (colony output: 0.85

young/female/week; litter size at weaning: 4.2-4.7).

9.2. The Methods of Behavioural Tests

9.2.1. Open Field test

THOMPSON (1953)

A square enclosure 30x30x3.75 inch with a wire mesh top was used for this test. The floor

was divided into 36 small squares, each 5x5 in. Each mouse was given 10 minutes to

explore the enclosure. The number of lines traversed by each mouse was recorded.

PRICE (1978)

The arena being used has a floor measuring 80x80 cm enclosed by a wall 30 cm high.

The floor was divided into 64 small squares, each 10x10 cm. Every two seconds the

position of the animal on the grid floor was noted. Each animal was tested for five

minutes.

9.2.2. Food Drive test

REX et al. (1996)

Twenty hours before testing food was removed from the home cage; water was still

available. The rats were individually placed into a corner of brightly illuminated (1000 lux)

open field (100x100x40 cm). Food pellets were placed in the centre of the open field.

Each rat was observed for 5 min. and the time to onset of feeding was recorded.

9.2.3. Elevated Plus Maze test

MONTKOWSKI (1997)

The Elevated Plus Maze is a cross of grey plastic consisting of two arms that are open to

the environment (30x5 cm, open arms) and two arms that are enclosed by side and end

walls (30x5x15 cm, closed arms). The arms are connected by a central area (5x5 cm).

The maze is elevated from the floor (75 cm). Animals were placed in the central area of

the maze facing a closed arm. The number of open- and closed-arm entries and the time

spent in both types of arms were determined.
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9.2.4. Aluminium-Foil behavioural test

The method of DAHLOBORN et al. (1996)

A Makrolon type I cage (containing 25g saw dust) with a hole (4 cm) and a piece of

aluminium foil (10.5x14 cm) was placed opposite to the hole. Type I cage was placed in a

Makrolon type III cage. The mouse was placed into the type I cage between the hole and

aluminium foil for 15 min. The duration which mice needed to leave (first departure) and

retuned (first return) to the type I cage was recorded.

9.2.5. Barrier test

The method of PRIOR & SACHER (1994/95)

Mice were placed in a Markolon type III cage, which was divided along the midline by a

barrier made of Perspex (32 mm high). The latency was measured until the animals

climbed over the barrier.

9.3. The Enrichment Designs of HÄMISCH & GÄRTNER (1994)

Makorlon type III enlarged cage (42 x 26 x 18.5 cm) enriched with horizontal and vertical

black PVC dividers (5 cm high).
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9.4. The Test List of FELASA Recommendations for the Health Monitoring of Mice
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9.5. Elevated Plus Maze Performance, Haematological Data and relative Organ

Weights of DBA/2 Mice

 Table 9-1: The mean value (CV) of Elevated Plus Maze behavioural test of DBA/2 mice

Item Housing

NE

Female

231.5 (8.8%)

Male

218.5 (11.8%)

Housing difference

In closed arm (seconds)

In central area (seconds)

E1

E2

218.8 (11.3%)

214,7 (11.9%)

NE

E1

46.9 (29.5%)

50.4 (24.4%)

219,3 (15.1%)

218.8 (8.6%)

P = 0.8121

50.4 (22.6%)

41.9 (22.9%) P = 0.1170

In open arm (seconds)

E2

NE

51.0 (23.9%)

21.6 (53.8%)

E1

E2

44.3 (63.1%)

34.6 (37.1%)

In closed arm/entry (seconds)

NE

E1

16.9 (19.5%)

17.9 (19.6%)

E2

NE

12.0 (22.5%)

3.3 (26.0%)

48.3 (24.5%)

31.1 (69.6%)

38.9 (66.3%)

31.8 (71.7%)

P = 0.3944

15.1 (13.0%)

14.5 (40.8%) P = 0.6421

16.4 (21.9%)

3.4 (22.8%)

In central area/enty (seconds)

In open arm/entry (seconds)

E1

E2

2.8 (22.9%)

2.9 (16.5%)

NE

E1

4.4 (40.6%)

6.5 (44.3%)

  * NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); E2: Enriched group, modified from
    Haemisch & Gärtner (1994).

  * In closed arm, in central area or in open arm: The total time in seconds spent by the animals in either area.

E2 5.6 (66.9%)

2.8 (16.7%)

3.7 (22.0%)

P = 0.0811

5.8 (23.3%)

5.8 (28.8%) P = 0.6306

6.2 (28.3%)

  * In closed arm/entry, in central area/entry or in open arm/entry: The average time in seconds spent by the animals
     in either area per entry.



155

   Table 9-2: The mean value (CV) of haematological variables of DBA/2 mice

Item Housing

NE

Female

4.2 (7.1%)

Male

5.3 (13.2%)

Housing difference

WBC ( x 109/L)

RBC ( x 1012/L)

E1

E2

4.0 (14.1%)

4.6 (16.5%)

NE

E1

11.1 (2.3%)

11.1 (3.1%)

4.5 (25.6%)

4.4 (23.7%)

P = 0.3315

11.9 (6.3%)

12.4 (5.8%) P = 0.4507

HGB ( mmol/L)

E2

NE

11.6 (3.5%)

9.0 (2.5%)

E1

E2

9.0 (2.5%)

9.5 (2.8%)

HCT ( % )

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); E2: Enriched group, modified from

NE

E1

47.7 (2.6%)

47.2 (2.3%)

E2 50.0 (3.0%)

12.6 (11.0%)

9.3 (5.2%)

9.6 (5.3%)

9.8 (10.1%)

P = 0.3477

49.8 (6.0%)

52.0 (5.6%) P = 0.3044

53.5 (11.3%)

  Haemisch & Gärtner (1994).

* Data was corrected due to the correlation between hand counting and machine counting 
  (hand counted value=0.395 x machine counted value)
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   Table 9-3: The mean value ( CV ) of  relative organ weights (%) of DBA/2 mice

Item Housing

NE

Female

6.003 (4.3%)

Male

5.340 (4.1%)

Housing difference

Relative liver weight 

Relative kidney weight

E1

E2

5.556 (5.5%)

5.645 (4.4%)

NE

E1

1.446 (5.0%)

1.385 (3.5%)

5.175 (5.6%)

5.134 (5.9%)

P = 0.3847

1.881 (9.6%)

1.830 (4.5%) P = 0.4167

Relative spleen weight

E2

NE

1.461 (4.7%)

0.3975 (6.7%)

E1

E2

0.3702 (8.1%)

0.3739 (7.8%)

Relative adrenal weight

NE

E1

0.0360 (28.4%)

0.03270 (12.2%)

E2

NE

0.0332 (16.6%)

0.5701 (7.9%)

1.770 (9.4%)

0.2796 (12.5%)

0.2845 (14.6%)

0.2941 (20.2%)

P = 0.7050

0.0149 (22.2%)

0.0169 (16.6%) P = 0.6390

0.0135 (19.8%)

0.5604 (9.3%)

Relative heart weight

Relative uterus weight

E1

E2

0.5502 (9.6%)

0.5664 (7.0%)

NE

E1

0.4261 (19.9%)

0.4668 (24.0%)

Relative testis weight

E2

NE

0.2845 (14.6%)

-----

E1

E2

-----

-----

0.5889 (6.2%)

0.5556 (8.7%)

P = 0.5786

-----

----- P = 0.3639

-----

0.7700 (5.0%)

0.7874 (8.7%)

0.7607 (10.2%)

P = 0.6773

* NE: Non-enriched group; E1: Enriched group according to Scharmann (1993); E2: Enriched group, modified from

  Haemisch & Gärtner (1994).

* Relative organ weights: 100 x (organ weight/final body weight)
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9.6. Elevated Plus Maze Performances of A/J, BALB/c and C57BL/6

Strain

A/J

Gender

Male

NE

255.3 (14.4%)

In closed arm (seconds)
E2

278.5 (6.0%)

NE

2.9 (166.3%)

In open arm (seconds)
E2

2.1 (97.8%)

C57BL/6

BALB/c

Female

Male

260.5 (12.4%)

249.5 (11.4%)

Female

Male

261.9 (7.4%)

233.9 (12.8%)

274.9 (10.1%)

229.1 (13.8%)

233.5 (10.4%)

212.0 (15.7%)

7.3 (184.4%)

10.9 (135.5%)

10.3 (68.5%)

15.1 (73.5%)

2.9 (170.4%)

23.6 (74.0%)

22.3 (90.5%)

35.5 (63.0%)

Female 230.3 (12.6%) 217.0 (13.5%) 0.6 (76.6%) 22.9 (103.2%)

Table 9-4a: The mean values (CV) of Elevated Plus Maze test ( Experiment 2 )

NE: Non-enriched group; E2: Enriched group, modified from Haemisch & Gärtner (1994).

Strain

A/J

Gender

Male

NE

51.7 (77.7%)

In closed arm/enter (seconds)

E2

72.7 (91.4%)

NE

1.0 (166.4%)

In open arm/enter (seconds)

E2

1.5 (100.6%)

C57BL/6

BALB/c

Female

Male

53.9 (59.2%)

28.6 (43.3%)

Female

Male

39.3 (56.2%)

23.0 (68.6%)

82.0 (99.2%)

14.5 (33.3%)

15.6 (25.9%)

15.5 (57.7%)

7.3 (184.4%)

2.3 (122.7%)

4.9 (73.6%)

3.1 (59.9%)

2.0 (170.3%)

4.2 (59.0%)

6.3 (55.0%)

4.2 (55.0%)

Female 16.8 (30.1%) 16.4 (47.6%) 0.6 (38.3%) 3.4 (74.3%)

NE: Non-enriched group; E2: Enriched group, modified from Haemisch & Gärtner (1994).

Table 9-4b: The mean values (CV) of Elevated Plus Maze test (Experiment 2) - continued
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9.7. Haematological Data of A/J, BALB/c and C57BL/6 mice

Table 9-5: The mean (CV) of haematological variables of A/J, C57BL/6 and BALB/c males

                 (NE and E1 groups)

Item A/J NE        A/J E1 C57BL/6 NE C57BL/6 E1 BALB/c NE BALB/c E1

WBC (x109L)

RBC (x1012L)

HGB (mmolL)

HCT (%)

3.9 (18.4%)

10.2 (5.0%)

4.5 (13.3%)

9.7 (7.9%)

9.4 (3.8%)

45.8 (4.3%)

9.3 (6.2%)

46.1 (6.5%)

6.0 (18.8%)

10.0 (3.9%)

5.2 (15.0%)

9.5 (8.3%)

9.1 (2.3%)

44.2 (3.3%)

9.3 (6.8%)

46.4 (8.5%)

5.2 (16.0%)

10.3 (7.0%)

5.5 (10.6%)

10.6 (3.2%)

8.8 (6.3%)

47.8 (5.4%)

9.5 (3.0%)

42.9 (3.1%)

* NE: Non-enriched group; E1: Enriched group, according to Scharmann (1993).

* Data was corrected due to the correlation between hand counting and machine counting 
  (hand counted value=0.395 x machine counted value)

CORT 29.5 (24.6%) 22.0 (37.1%) 17.0 (49.6%) 24.1 (73.6%) 72.5 (55.0%) 49.1 (48.3%)

Table 9-6: The mean (CV) of haematological variables of A/J, C57BL/6 and BALB/c mice

                 (NE and E2 groups)

Item Sex A/J NE        A/J E2 C57BL/6 NE C57BL/6 E2 BALB/c NE BALB/c E2

WBC

(x109L)

RBC

 (x1012L)

Female

Male

3.1 (15.6%)

3.3 (12.5%)

Female

Male

10.2 (1.9%)

10.1 (4.6%)

3.4 (8.9%)

3.7 (13.0%)

5.2 (14.7%)

5.6 (11.4%)

10.1 (2.5%)

10.5 (3.1%)

9.9 (2.6%)

10.0 (8.8%)

4.5 (22.4%)

4.4 (12.1%)

4.2 (13.3%)

4.9 (6.0%)

9.9 (4.8%)

9.9 (4.6%)

10.1 (2.7%)

10.3 (9.3%)

4.6 (10.6%)

4.3 (33.2%)

10.4 (2.8%)

10.1 (9.6%)

HGB

 (mmolL)

HCT

(%)

Female

Male

9.3 (2.3%)

9.4 (2.1%)

Female

Male

46.3 (2.3%)

46.4 (3.6%)

* NE: Non-enriched group; E2: Enriched group, modified from Haemisch & Gärtner (1994). 

* Data was corrected due to the correlation between hand counting and machine counting 

   (hand counted value=0.395 x machine counted value)

CORT Female 95.1 (47.2%)

9.5 (1.9%)

9.6 (2.3%)

9.2 (2.8%)

9.1 (6.8%)

46.0 (2.4%)

48.3 (2.8%)

45.2 (2.8%)

44.4 (7.5%)

9.2 (4.0%)

9.0 (4.8%)

9.4 (2.9%)

9.6 (8.5%)

44.9 (4.9%)

44.2 (5.4%)

46.0 (3.4%)

48.0 (8.6%)

112.0 (68.6%) 33.4 (14.4%) 81.0 (46.1%) 156.7 (38.2%)

9.8 (2.9%)

9.4 (6.9%)

47.3 (3.0%)

47.0 (7.0%)

98.7 (45.3%)
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9.8. CORT and T4 Concentrations of A/J, BALB/c and C57BL/6 mice
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Figure 9-1: Serum CORT concentration of NE and E1 groups

(NE: Non-enriched group; E1: Enriched group according to SCHARMANN 1993)
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Figure 9-2: Serum T4 concentration of NE and E1 groups

(NE: Non-enriched group; E1: Enriched group according to SCHARMANN 1993)
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Figure 9-3: Serum CORT concentration of NE and E2 groups

(NE: Non-enriched group; E2: Enriched group, modified from HAEMISCH and GÄRTNER 1994)
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Figure 9-4: Serum T4 concentration of NE and E2 groups

(NE: Non-enriched group; E2: Enriched group, modified from HAEMISCH and GÄRTNER 1994)
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9.9. Final Body Weight and relative Organ Weights of A/J, BALB/c and C57BL/6

Table 9-7: The mean (CV) of final BW (g) and relative organ weights (%) of A/J, C57BL/6 and BALB/c

                males (NE and E1)

Item A/J NE        A/J E1 C57BL/6 NE C57BL/6 E1 BALB/c NE   BALB/c E1

Final BW

Liver/BW 

Kidney/BW

Spleen/BW

26.2 (6.1%)

4.764 (6.2%)

26.9 (8.4%)

4.778 (3.7%)

1.333  (10.4%)

0.260 (7.5%)

1.251 (5.2%)

0.269 (7.7%)

28.3 (8.7%)

4.837 (6.9%)

29.8 (8.3%)

4.984 (6.0%)

1.144 (3.9%)

0.268 (11.9%)

1.100 (6.2%)

0.331 (42.8%)

27.0 (4.9%)

5.275 (7.1%)

27.1 (5.2%)

4.823 (4.1%)

1.767 (5.4%)

0.387 (14.4%)

1.675 (5.3%)

0.356 (5.9%)

Adrenal/BW

Heart/BW

Testis/BW

NE: Non-enriched group; E1: Enriched group according to Scharmann (1993).

0.0257 (14.7%)

0.397 (7.7%) 

0.0298 (22.3%)

0.374 (6.9%)

0.688 (6.7%) 0.662 (8.2%)

0.0233 (9.1%)

0.466 (10.5%)

0.0229 (13.5%)

0.434 (7.2%)

0.781 (6.3%) 0.728 (2.4%)

0.0338 (26.6%)

0.467 (10.7%)

0.0347 (13.4%)

0.455 (4.3%)

0.871 (5.0%) 0.876 (6.6%)

Table 9-8: The mean (CV) of final BW (g) and relative organ weights (%) of A/J, C57BL/6 and BALB/c

                 mice (NE and E2 groups)

Item Sex A/J NE        A/J E2 C57BL/6 NE C57BL/6 E2 BALB/c NE BALB/c E2

Final BW

Liver/BW 

Female

Male

22.1 (6.1%)

26.7 (4.7%)

Female

Male

4.663 (4.9%)

5.096 (3.7%)

21.8 (7.1%)

27.2 (1.8%)

21.0 (6.9%)

28.3 (7.0%)

4.615 (8.8%)

4.782 (4.5%)

4.918 (4.8%) 

5.345 (2.5%)

22.0 (3.4%)

30.1 (1.7%)

22.0 (2.7%)

27.7 (3.4%)

4.653 (3.7%)

5.194 (4.9%)

5.121 (2.2%)

5.319 (4.0%)

23.4 (4.0%)

27.0 (5.6%)

4.728 (9.0%)

5.511 (10.5%)

Kidney/BW

Spleen/BW

Female

Male

1.332 (4.1%)

1.442 (5.6%)

Female

Male

0.302 (56.6%)

0.269 (7.6%)

Adrenal/BW

Heart/BW

Female

Male

0.0316 (5.3%)

0.0216 (24.8%)

Female

Male

0.422 (6.5%)

0.419 (3.4%)

1.308 (6.7%)

1.413 (2.8%)

1.217 (6.2%)

1.257 (4.6%)

0.310 (33.4%)

0.265 (9.6%)

0.329 (28.3%)

0.271 (10.5%)

1.171 (3.4%)

1.279 (3.0%)

1.528 (4.6%)

1.916 (5.4%)

0.376 (19.5%)

0.294 (13.2%)

0.472 (20.4%)

0.384 (15.0%)

0.0348 (6.1%)

0.0192 (11.2%)

0.0330 (17.2%)

0.0208 (11.6%)

0.432 (7.7%)

0.420 (4.5%)

0.510 (7.4%)

0.478 (5.0%)

0.0282 (11.7%)

0.0182 (14.3%)

0.0538 (10.8%)

0.0296 (13.4%)

0.487 (6.0%)

0.521 (11.7%)

0.542 (11.1%)

0.527 (7.5%)

1.464 (3.7%)

1.810 (8.3%)

0.504 (23.1%)

0.566 (43.7%)

0.0474 (11.5%)

0.0255 (15.0%)

0.491 (5.8%)

0.498 (11.9%)

Uterus/BW

Testis/BW

NE: Non-enriched group; E2: Enriched group, modified from Haemisch & Gärtner (1994). 

* Significant housing differences were found in relative weights of spleen, kidney, liver and adrenal.

Female

Male

0.371 (15.8%)

0.685 (5.9%)

0.356 (27.6%)

0.698 (5.7%)

0.355 (28.4%)

0.783 (8.2%)

0.326 (29.6%)

0.685 (13.1%)

0.507 (30.2%)

0.767 (25.9%)

0.595 (36.1%)

0.832 (11.1%)
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11.  List of Abbreviations

Three R’s Replacement, Reduction and Refinement

Fourth R Responsibility

ACTH Adrenocorticotrophic hormone

AFOS Alkaline phosphatese

ANOVA Analysis of variance

ASAT Aspartate aminotransferase

BW Body weight

CORT Corticosterone

CV Coefficient of variation

E1 Enriched housing according to SCHARMANN (1993)

E2 Enriched housing modified from HAEMISCH & GÄRTNER (1994)

GGT Gammaglutamyltransferase

HCT Haematocrit

HGB Haemoglobin

IVC Individually ventilated cage

LDH Lactate dehydrogenase

NE Non-enriched housing (standard cage)

SD Standard deviation

SPF Specific pathogen-free

T3 Triiodothyronine

T4 Thyroxine

RBC Red blood cells

WBC White blood cells
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