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Abstract 

Discussions on laboratory animal welfare issues often refer to the Three Rs – replacement, 
reduction and refinement. Replacement means substituting living animals with non-
sentient systems; reduction refers to using fewer animals and refinement causing less pain, 
suffering and distress to the animals or improving their welfare. This work is focusing on 
two R-s: reduction and refinement in mice. 

If one considers reduction as meaning obtaining trustworthy information from using 
fewer animals, then this can be achieved by improved research strategies, better 
experimental design and more sophisticated statistical analyses. One can reduce variation 
within the group by using isogenic inbred animals or by finding ways to reduce variation 
in outbred animals. One approach to achieve reduction in outbred animals is to include 
litter and individual features of the animals, e.g weight dynamics, in the statistical 
analyses.  

Since the elevated plus-maze (EPM) test is one of the most common tests to evaluate 
anxiety-like behaviour, it was used to assess the possible effects of litter and weight on the 
behaviour of outbred mice and the effects of environmental enrichment (EE) on the 
behaviour of inbred mice. 

As a research tool, the effects of acute or chronic administration of ethanol or acute 
therapy with the nitric oxide synthase (NOS) inhibitor L-NOARG were examined in 
outbred NIH/S mice. The administration of L-NOARG had no effect on the behaviour of 
mice after acute or chronic ethanol administration but attenuated the anxiogenic effect of 
ethanol withdrawal.  

The litter from which the mice had originated had a significant effect on their 
behaviour in the EPM test. The behavioural indices of mice, originating from different 
litters, tended to be above or below the mean of the corresponding drug-treatment group, 
irrespective of the drug treatment. Litter had a significant effect on the initial weight and 
also on the weight changes occurring during the adaptation period and ethanol inhalation.  

An approach to refinement, EE, has been introduced to create more natural species-
specific living conditions for laboratory animals. At the same time, it has been claimed 
that EE can affect the results of behavioural studies and also increase variation. 

The effects of different types of EE and different time periods were studied in inbred 
C57BL/6J and BALB/c mice. 

The exposure of male C57BL/6J mice to the different types of EE objects in the form 
of cage furniture (CF) -nest box, corner and stairs- induced an anxiolytic-like effect in the 
EPM test and tended to increase the locomotor activity of mice. This apparent anxiolytic-
like effect was most pronounced in the third week. 

The CF, in the form of modified Tapvei OY mouse stairs, produced an anxiolytic-like 
effect and increased the locomotor activity in female C57BL/6J mice, but not in BALB/c 
female mice. 

In conclusion, the NOS inhibitors may have effects on the behavioural changes caused 
by ethanol withdrawal. Information about the litter of outbred mice could and should be 
used in statistical analysis in order to reduce variation and the number of mice needed. 



 
 
 
 

In the EPM test, different CF items induced an anxiolytic-like effect in male and 
female C57BL/6J mice, but not in BALB/c female mice. This effect depended on the type 
of objects and was influenced by time. This anxiolytic–like effect can be interpreted as 
refinement of the housing by improving animal welfare. The effects of CF should be 
considered in planning enrichment programs for housing institutions, in designing 
behavioural experiments and in analyzing the results obtained. Therefore the evaluation of 
CF could provide the valuable information and it is recommended that CF manufacturers 
collate and distribute the refinement results on the specific CF items they produce. 
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1 Review of the literature 

1.1 Animal Welfare and 3R 

The use of animals in research has always been a topic of heated discussions and debate, 
increasingly so during the last decades. Public concerns convinced the European Parlia-
ment and the Council to revise the existing European Union Directive. The new directive 
emphasizes animal welfare and finding replacements to animals. Animal welfare issues 
have attracted increasing attention since the publication of the classic book “The Princip-
les of Humane Experimental Technique” (Russell & Burch 1959); a book that introduced 
the Three Rs– replacement, reduction and refinement. 

In this context, replacement means substituting living animals with non-sentient 
systems; reduction refers to using fewer animals and refinement causing less pain, 
suffering and distress to the animals or improving their welfare. These Three Rs are not 
only crucial from an ethical point of view but they have the potential to significantly 
increase the quality of research. This work concentrates on refinement and reduction. 

1.2 Reduction of variation 

By applying appropriate types of reduction, it is possible to obtain the same amount of 
information from fewer animals. The types of reduction include improving the research 
strategy, experimental design and statistical analyses. One of the main factors determining 
the number of experimental animals needed to obtain trustworthy information, is variation 
within the group (for review see (Festing et al., 1998).  

One can achieve a reduction in the variation within the group by using isogenic inbred 
animals (Festing 1999). However, because of lower cost and tradition, many scientists still 
prefer outbred animals. Therefore it is important to determine ways to reduce variation 
also in this group of laboratory animals. 

One approach achieving reduction is to include litter and individual features of the 
animals in the statistical analyses (Festing et al., 2002). If litter has a significant effect on 
the behaviour of animals, litter coding would reduce the number of animals needed. 
Surprisingly, there are very little data concerning the effects of litter and kinship (sharing 
recent ancestry) on the behaviour of mice. 

It has been shown that litter can influence the exploratory and aggressive behaviour in 
mice (Barnard et al., 1991; Tanaka 1998) as well as the development of stereotypy (Powell 
et al., 1999). It has also been proposed in the literature that in toxicological and 
teratological studies, instead of individual animals, the litter should be used as the unit of 
analysis (Spear & File 1996). 

Animal weight is an easily measurable parameter which can be used as a covariate and 
even if it confers no significant effect, no data will be lost. Since outbred stocks tend to 
display large variances in phenotype (Chia et al., 2005), the effect of litter or weight could 
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be more pronounced. For more extensive discussion about weight dynamics, please, see 
paragraph 1.6. Factors influencing weight dynamics. 

Mouse stocks and strains display different sensitivities to the effects of ethanol and 
potential to develop dependence on ethanol (Rhodes et al., 2007; Metten et al., 2010). The 
investigators found that the C57 strains (C57BL/6J, C57BR/cdJ and C57L/J) were 
consistently high ethanol consumers, DBA strains (DBA/1J and DBA/2J) were low 
consumers, and ethanol consumption by other strains was distributed in the intermediate 
range (Crabbe & Phillips 2004). It is possible that there are also individual differences in 
the sensitivity to the effects of ethanol that can be predicted on the basis of litter. 

1.3 Refinement by environmental enrichment 

Recently a new approach to refinement, cage complexity, also called environmental 
enrichment (EE), has been introduced into routine housing of laboratory animals.  

In the past EE was described from a technical point of view but later the focus has 
shifted to the outcome, not on the type of the exposure. For example Hebb (1947) 
described EE as “any modification of a captive animal’s environment by providing 
physical or social stimuli” and Belz et al. (2003) defined EE as “using different objects to 
improve the quality of life of animals by distracting them from an otherwise monotonous 
environment”, whereas Baumans (2005) defined it as “any modification in the environ-
ment of the captive animals that seeks to enhance physical and psychological well-being 
by providing stimuli meeting the animals’ species-specific needs”.  

Various categories of enrichment can be identified, for example social and physical 
enrichment. Social enrichment can be divided into contact or non-contact with either 
conspecifics and/or other species, including humans. Physical enrichment refers to the 
complexity of the enclosure, sensory and nutritional stimuli (Baumans et al., 2006). 

If one wishes to specify the type of physical EE, it may be useful to use the term cage 
furniture (CF) to describe objects of EE which are placed directly inside the cages. The 
main aim of adding items to the environment of laboratory animals is to improve their 
quality of life. CF has been found to exert several effects on the behaviour and physiology 
of rodents (for reviews, see (Key & Hewett 2002; Olsson & Dahlborn 2002; Key 2004), 
for example, a decrease in the level of stress hormones (Belz et al., 2003; Benaroya-
Milshtein et al., 2004), the attenuation of anxiety responses (van de Weerd et al., 1994; 
Van de Weerd et al., 2002; Fox et al., 2006), and a reduction in stereotypical behaviour 
(Würbel 2001; Turner et al., 2003; Wolfer et al., 2004) have been reported. 

CF should be considered to be an experimental variable (Hutchinson et al., 2005), and 
may increase the variability of results (Marashi et al., 2004). Therefore it may be difficult 
to compare results between studies with or without EE, or even between studies using 
different types of CF (e.g. individual versus many CF items). Indeed, it has been sugges-
ted that CF should be a component of a well-designed and critically-evaluated programme 
that benefits the animals, in addition to having an effect on the outcome of the experiment 
(Baumans 2005). Recently several working groups have published guidelines to 
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standardize data presentation in reports from laboratory animal studies (Hooijmans et al., 
2010; Kilkenny et al., 2010; ILAR 2011).  

The results of studies investigating the effect of CF on the behaviour of mice in the 
elevated plus-maze (EPM) test have been conflicting i.e. ranging from an anxiolytic effect 
(Caston et al., 1999; Roy et al., 2001; Benaroya-Milshtein et al., 2004; Friske & Gammie 
2005; Zhu et al., 2006; Kulesskaya et al., 2011) to an anxiogenic effect (Kobayashi et al., 
2006; Pietropaolo et al., 2006), or no effect (Martinez-Cue et al., 2002). These contra-
dictory results can be explained by the different combinations of CF items, strains/stocks, 
housing densities in the cage, and cage sizes. Therefore it is difficult to make any general 
conclusions, because it is nearly impossible to find studies using the same CF item, item 
combinations or cage size. Moreover, the ratio between the area of “standard” housing 
(without CF) and EE housing (with CF) has not been kept constant in the various studies. 
For example, the area per mouse has varied from 159 cm2 to 1125 cm2 in EE-housed mice 
(Friske & Gammie 2005; Kobayashi et al., 2006). 

This clearly originates from concepts about CF – should it be understood as an item 
taking square centimetres from cage or as the possible provision of extra space – it can 
create a three-dimensional cage. Replication of the majority of the studies is still 
impossible since the description of the CF which has been included is usually insufficient.  

However, nesting material is mandatory in Europe (2006) and United States of 
America (2011) and it is recommended to use other CF items. For that reason the cost of 
using the CF items also needs to be taken into consideration. Sometimes intricate systems 
of CF, consisting of several pipes and interconnected cages, which need to be dismantled 
and reassembled regularly, are used. These systems are expensive to use, both in terms of 
the investment in materials and the labour that is associated with their maintenance. 
Simple autoclavable or disposable devices that can fit into the commonly used cages are 
more suitable for use as CF (Voipio et al., 2008). For this reason we have chosen very 
simple design with a single CF item per cage and similar cage area per mice. 

1.4 Models and tests of anxiety 

1.4.1 Modelling of animal anxiety 

An animal model is an animated object of imitation in the image of humans (or other 
species) used to investigate biological or pathobiological phenomena (Hau, 2004). A 
laboratory animal model describes a biological phenomenon that the species has in 
common with the target species (Hau et al., 1989). 

The majority of laboratory animal models have been developed and used to investigate 
the cause, nature and cure of human disorders. In the mouse an easily accessible 
behavioural readout to the emotional component of anxiety such as avoidance, escape or 
freezing behaviour is used as a marker for enhanced anxiety. Therefore it is often called 
anxiety-like or anxiety-related behaviour (Sartori et al., 2011). Numerous behavioural tests 
have been developed to assess the level of anxiety related behaviour (for review see (Ohl 
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et al., 2005; Bourin et al., 2007; Cryan & Sweeney 2011)). In the literature, the tests are 
often referred to as models but this can be misleading. As tests evoke an acute emotional 
response they reveal “state” anxiety and thus differ from “models” which are thought to 
evoke pathology (Sartori et al., 2011). Anxiety is not unitary phenomenon as it includes 
innate (trait) anxiety, which is considered to be an enduring feature of an individual, and 
situation-evoked or experience-related (state) anxiety (Ohl et al., 2005). Handley has 
classified animal tests of anxiety according to the nature of the aversive stimulus and of 
the response elicited. He proposed that animal models of anxiety could be divided into two 
main subclasses: conditioned responses (based on conditioned responses to stressful 
and/or painful events) and unconditioned models (based on ethology of animals) (Bourin 
et al., 2007). Those unconditoned behaviour tests have a higher degree of ecological 
validy as they are less susceptible to disturbance connected to learning, memory, hunger 
or thirst or nociceptive mechanisms (Rodgers & Dalvi 1997). 

From the models of anxiety two unconditioned tests – EPM and the staircase test – 
were used. These tests are based on natural behavioural patterns of rodents. Mice are a 
naturally foraging, exploratory species and exploration-based tasks are based on conflict 
tendencies inherent in exploring novel locations versus avoiding potentially dangerous 
areas (Cryan & Holmes 2005). 

1.4.2 Elevated plus–maze 

EPM is widely used for the testing of anxiolytic and anxiogenic agents (Belzung & 
Griebel 2001; Bourin et al., 2007; Ohl et al., 2008). The level of anxiety is assessed on the 
basis of ratio of entries made into the open arms to the total number of entries. In addition, 
time spent in the open arms is calculated as percentage of the total time of the experiment. 
A treatment which increases an animal’s preference for the open arms without altering the 
total number of arm entries is considered as an anxiolytic effect. An opposite change – a 
decrease of entries into the open arms without altering total number of entries is indicative 
of an anxiogenic effect (Lister 1990). Depending on the parameters measured and the 
statistical method used to evaluate results, the EPM test can also be used to assess 
locomotor or general motor activity, decision–making approach-avoidance conflict, etc 
(for review see (Wall & Messier 2001). 

The EPM is one of the most popular behavioural animal tests currently in use, for 
review see (Carobrez & Bertoglio 2005). The Medline search with key words “elevated 
plus-maze AND mice AND behaviour” revealed 1317 articles and with words “staircase 
AND mice AND behaviour” 70 references (October 2011). 

The standardization of the EPM has been complicated, mainly due to the many factors 
which can interfere with the results. These factors could be connected to the animal (sex, 
stock/strain), or to the environmental situation (housing, handling), the testing procedure 
(prior test or experience with EPM, presence of the experimenter in the room, material or 
dimensions of maze), scoring methodology or validation of the test as described in 
reviews (Hogg 1996; Rodgers 1997; Rodgers et al., 1997; Rodgers & Dalvi 1997; Belzung 
& Griebel 2001). 
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Female mice in proestrus have been shown to spend more time in the open arms of 
EPM than females in diestrus or males (Walf & Frye 2007). Recent studies have 
demonstrated that even gut microflora can modulate behaviour; germ free mice spend 
more time in the open arm in the EPM test than specific pathogen free animals (Heijtz et 
al., 2011). 

Since stress has been associated with the anxiety-like behaviour in the EPM test (Hsu 
et al., 2007; Sterlemann et al., 2008) it can be proposed that an anxiolytic-like effect 
would be indirect evidence of improved animal welfare. 

1.4.3 Staircase 

Similarly to the EPM, the staircase test is a test for anxiolytic agents and is classified as 
one of the unconditioned tests (Crawley 2000). The staircase test was introduced by 
(Simiand et al., 1984), who claimed that in this test the number of rearings (an index of 
anxiety or emotionality) was not correlated with the number of steps climbed (an index of 
exploratory or locomotor activity). In the control mice, both values are expected to be 
similar. Therefore this test can be used as simple, rapid and selective method for anxiolytic 
drugs. However, the interpretation of behavioural measurements in terms of emotional 
states is not straightforward.  

Anxiolytic drugs reduce (Weizman et al., 1999) and the anxiogenic drugs increase 
(Emmanouil & Quock 1990) the number of rearings at doses that do not change the 
number of steps climbed. 

1.5 Characteristics of chosen mouse stock and strains 

Outbred animals are often used for general research if genetic background has little 
importance (Festing & Lutz 2010). NIH/S mice originate from GP mice (known as general 
purpose stock), which originate from Swiss mice form Rockefeller Institute and were 
given to National Health Institute (NIH) in the United States of America (Chia et al., 
2005). However, it should be noted that NIH/S mice from different breeders differ widely 
in their genetic heterogeneity (Cui et al., 1993; Chia et al., 2005). Mice used in this present 
studies originate from Finnish National Public Health Institute in Kuopio. NIH/S stock is 
described as being very aggressive towards other mice (Hilakivi-Clarke & Lister 1992). 

C57BL and BALB/c both originate from the A. Lathrop mouse colony but their 
ancestors were separated in the beginning of the 20th of century. The progenitors of 
C57BL were obtained by C. Little and the progenitors of BALB/c by W. Castle (Beck et 
al., 2000). Since their introduction in 1913 and 1921, respectively (Wahlsten et al., 2006), 
the BALB/c and C57BL strains of mice have been used extensively in research. According 
to a survey performed by (Zhao et al., 2007) C57BL and BALB/c mice were mentioned in 
57587 and 44983 publications, respectively, from 1995 to 2005. Moreover, C57BL mice 
have been used as wild-type mice for the generation of genetically altered animals and F1 
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hybrids that may retain some characteristics of the parental strains (Silva et al., 1997; 
Kalueff et al., 2007). 

There are significant differences in behaviour between BALB/c and C57BL/6J mice: 
BALB/c mice generally display a higher level of anxiety (Kim et al., 2002; Tang et al., 
2002; Ducottet & Belzung 2005) and lower sociability (for review, see Brodkin 2007) 
than C57BL/6J mice. In majority of works using the EPM test, the higher level of anxiety 
shown by BALB/c mice has been noted in both females (Augustsson et al., 2005) and 
males (Lepicard et al., 2000; Augustsson & Meyerson 2004; Brooks et al., 2005; Sunyer et 
al., 2007). Nevertheless in several works BALB/c mice have displayed a lower level of 
anxiety in the EPM test as compared to C57BL/6J (Rogers et al., 1999; Post et al., 2011). 
Contradictory results can be explained by methodical differences and experimental 
conditions. In the light condition there were no significant differences between the two 
strains, but in the dark condition, the ratio of open/closed arms entries and the amount of 
time spent in the open arms was significantly greater in BALB/c mice as compared to 
C57BL/6J (Post et al., 2011). The BALB/c mice also exhibit elevated levels of cortico-
sterone in response to stress (Priebe et al., 2005), and they show limited exploration of a 
new environment as compared with C57BL/6J mice (Lepicard et al., 2000).  

The shorthand such as e.g B6 for C57BL/6J is often used to describe commonly used 
inbred strains, but there are multiple substrains (Kiselycznyk & Holmes 2011).  

There are significant behavioural differences between C57BL/6 substrains (C57BL/6J, 
C57BL/6N and C57BL/6C) in the behavioural tests: open-field, rotarod, EPM, prepulse 
inhibition, Porsolt forced swim, and spatial working memory version of the eight arm 
radial-maze test. In the EPM test the number of total arm entries and the distance travelled 
were similar in the three C57BL/6 substrains whereas the percentage of entries into the 
open arms was significantly higher in C57BL/6J mice (Matsuo et al., 2010; Bryant 2011). 

Various genetic and epigenetic factors (Francis et al., 2003; 2003; Priebe et al., 2005) 
have been postulated to account for the differences between BALB/c and C57BL/6J mice; 
for example, poor sense of balance has been suggested to contribute to the anxiety-related 
behaviour of BALB/c mice (Lepicard et al., 2000). The density of benzodiazepine 
receptors in the amygdala of BALB/c mice is five-times lower as compared to C57BL/6 
(Hode et al., 2000). 

Furthermore, there are different outcomes shown between the sexes in various mice 
tests (Martinez-Cue et al., 2002; Hutchinson et al., 2005), and this may well be the case 
when CF items are used. In order to obtain better applicability for both sexes within a 
strain, the use of CF with a similar effect on behaviour should be evaluated and imple-
mented at the cage level. 

1.6 Factors influencing weight dynamics 

As stated, there is a number of factors that can influence the growth and weight of mice. 
Males are usually heavier than females of the same age. Laboratory rodents are usually fed 
ad libitum, but this causes obesity in long-term studies, especially in outbred animals 
(Ritskes-Hoitinga, 2004). Therefore it is important to identify possibilities to control 
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weight gain. It has been repeatedly demonstrated that the life-span of laboratory rodents 
can be extended by a long-term reduction in food intake or caloric restriction (Miller et al., 
2002; Ferguson et al., 2007). Food restriction for group-housed animals can cause 
psychosocial stress and it could be a risk factor for overeating and weight gain in sub-
ordinate animals (Moles et al., 2006) or death of the weakest animals in the group. 

However, weight loss can also be used as an indicator highlighting the problems in the 
welfare of the animals. It has been repeatedly demonstrated that there is substantial weight 
loss after surgical manipulation and that this is associated with postoperative pain and the 
wound healing process (Pham et al., 2010). Some anorexia models are also based on 
stress-inducing activities (Siegfried et al., 2003) and chronic social stress induced body 
weight loss in mice (Savignac et al., 2011). In addition, the guide to defining and 
implementing protocols for the welfare assessment of laboratory animals recommends that 
body weight should be used as one parameter for welfare assessment (Hawkins et al., 
2011). Therefore it is important to follow weight dynamics, but it is not always easy to 
interpret the data obtained as there is a very fine line between weight loss and well-being 
of the animal. 

1.7 Nitric oxide 

1.7.1 Nitric oxide as a neurotransmitter 

Nitric oxide (NO) was the first representative to be discovered of an entire family of 
unique neurotransmitter molecules (Dawson & Dawson 1995) synthesized on demand by 
the enzyme NO synthase (NOS) and since it is a gas, it simply diffuses out of the nerve 
terminals (Esplugues 2002). NO does not bind to a specific receptor but alters the activity 
of different enzymes, like cyclooxygenase, Ras, creatine kinease, tryptophan hydroxylase 
and guanylate cyclase (for review see (Volke 1999). As NO is synthesized on demand 
without being stored, the amount of released NO is controlled by its generation. 

Three separate NOS genes and the corresponding enzymes have been identified and 
named either by the tissue or the order in which they were cloned (Yun et al., 1996) – 
neuronal NOS (nNOS, Type I NOS), immunological (inducible) NOS (iNOS, Type II 
NOS) and endothelial NOS (eNOS, Type III NOS). The name of the NOS does not 
correspond strictly to the function and location. nNOS has many functions in the central 
and peripheral nervous system (for review see (Esplugues 2002). For example, NOS is 
involved in the regulation of anxiety (for review see (Guimarães et al., 1994), sleep (Monti 
et al., 1999) and aggressive behaviour (Nelson et al., 1995; Demas et al., 1999; 1999). 
Several types of inhibitors with different potency and selectivity have been synthesized.  
L-NOARG is a relatively potent non-selective NOS inhibitor (Wang et al., 1995). TRIM is 
selective nNOS inhibitor (Handy et al., 1996). 
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1.7.2 NO and ethanol 

Despite being the subject of numerous studies the exact mechanism of ethanol action 
remains unknown. There have been two major theories to account for the actions of 
ethanol. The classic theory of Overton and Meyer (Overton 1896; Meyer 1901) was that 
ethanol acts by becoming dissolved in lipid membranes and thereby altering the function 
of embedded receptors and ion channels. During the last 20 years it has been proposed that 
ethanol can act directly on membrane proteins and evoke changes that alter function of 
receptors and ion channels, for review see (Grupp et al., 1991). 

The effects of ethanol are, at least in part, mediated through L-arginine-NOS-NO 
pathways (Adams et al., 1995; Lancaster 1995; Adams & Cicero 1998). However, data 
concerning the effects of drugs affecting the NOergic system on the symptoms of ethanol 
withdrawal are contradictory (Uzbay & Oglesby 2001).  

Different authors have reported attenuation (Adams et al., 1995; Uzbay et al., 1997; 
Vassiljev et al., 1998), worsening (Uzbay 2001) or no changes (Ikeda et al., 1999; 
Vassiljev et al., 1999), in the severity of ethanol withdrawal signs after treatment with 
NOS inhibitors. The contradictory results can be explained by the use of different NOS 
inhibitors, different doses and also by the different methods used for the evaluation of the 
ethanol withdrawal syndrome. For example, NG-nitro-L-arginine methyl ester (L-NAME) 
at doses of 30-60 mg/kg was able to attenuate ethanol withdrawal as evidenced by the 
suppression of audiogenic seizures (Uzbay et al., 1997) and hyperactivity, but at a dose of 
200 mg/kg, it aggravated ethanol withdrawal as reflected by aggravation of the with-
drawal-induced catatonia (Uzbay 2001). 

The selective nNOS inhibitor, 7-nitroindazole (7-NI), reduced the tremor and convul-
sions caused by ethanol withdrawal and decreased ethanol clearance when administered 
immediately after the end of chronic ethanol exposure, but had no effect when adminis-
tered 6.5 h later (Vassiljev et al., 1998). Nonselective NOS inhibitors (NG-nitro-L-
arginine) L-NOARG and L-NAME, which affect both neuronal and endothelial isoforms 
of the enzyme, had no effect on tremor and convulsions caused by ethanol withdrawal 
(Vassiljev et al., 1999). 7-NI also caused a decrease in locomotor activity in ethanol-
intoxicated mice, but had no effect on the anxiogenic effect of ethanol withdrawal in the 
EPM and staircase tests (Pokk et al., 2001) 
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2 Aims 

The first general aim of this study was to explore reduction alternatives in the EPM test in 
mice. For this purpose factors affecting the behaviour were studied. The second general 
aim was to examine the effect of CF on animal welfare.  

 
The more specific aims were to study in the EPM test:  

I Do litter and NOS inhibitor L-NOARG have effects on the behaviour of male NIH/S 
mice after acute and chronic ethanol administration and withdrawal? 

 
II Does litter alone, or when combined with body weight, have any effect on the 

behaviour of male NIH/S mice in two behavioural tests (also the staircase test)? 
 

III How do three different items of CF (corner, nest box and stairs) affect the behaviour of 
male C57BL/6J mice and does a different exposure period (one, two, three or four 
weeks) change it? 

 
IV How does a specific CF item (stairs) provided for three and four weeks affect the 

behaviour of female C57BL/6J and BALB/c mice?  
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3 Materials and methods 

3.1 Ethics 

The study protocols were approved according to the legislation valid at the time of the 
studies.  

3.2 Animal housing 

3.2.1 Housing conditions 

During all animal experiments, the mice were housed in the Vivarium of the Faculty of 
Medicine of the University of Tartu. Autoclaved solid bottom transparent polycarbonate 
cages (Tecniplast, Buguggiate, Italy) measuring 42.5 x 26.6 x 15.0 cm (Eurostandard 
type III) with stainless steel hoppers (autoclaved at 1210C, for 20 min, at 220 kPa; 
Tuttnauer 69150SP2-H, Tuttnauer Ltd, Jerusalem, Israel) were used in all four studies. 
The cage hopper was changed every two weeks. 

Ambient room temperature was automatically maintained at a 21 ± 2 ºC and relative 
humidity at 50 ± 5 %. The ventilation rate in the room was 13 changes per h with no 
recirculation of air. Room illumination followed a 12/12 h cycle. All behavioural tests 
were done during the light period of the cycle. 

Pelleted food (growth and maintenance feeding for rats and mice, Labfor R70, 
Lantmännen, formerly Lactamin, Kimstad, Sweden) was available ad libitum. This was a 
natural ingredient chow (crude protein 14.5 %; crude fat 4.5 % (linoleic acid 1.0 %); 
convertible energy 1254 kJ/100 g). Batch specific assays of ingredients were not available. 

Softened (produced by ion exchange reaction) and autoclaved tap water was available 
in 200-700 ml polycarbonate bottles ad libitum. The municipal water company (Tartu 
Veevärk, Tartu Estonia) monitors regularly microbial quality of the tap water provided. 
Water was autoclaved at 1210C, for 35 min, at 220 kPa, Tuttnauer 69150SP2-H in bottles, 
allowed to cool and the bottles were changed when necessary.  

3.2.2 Cage changing and weight recording procedure 

Bedding and, CF items, if used, were changed on Mondays. Autoclaved aspen chips (chip 
size 4 � 4 � 1 mm, Tapvei Eesti OÜ, formerly Estap and Tapvei OY, Estonia; henceforth 
Tapvei) were used as bedding. This bedding is essentially dust free and dried immediately 
after chipping at the manufacturer’s facilities with hot air until humidity is below 10 %. 
The producer carries out periodic assays (every three months) of heavy metals, pesticides, 
mycotoxins and microbes. The volume used was one litre resulting in average bedding 
thickness of 8 mm in the cage. 
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Whenever the weight of mice was recorded, this was done by placing them into an 
empty cage on balance and then to a clean cage with new bedding and, whenever needed 
according to study protocol, also unused autoclaved CF item. The weighing cage was 
cleaned after each mouse similarly to cleaning the EPM in the investigations.  

3.2.3 Animals 

All mice (Mus musculus) were bred by commercial vendors under barrier conditions and 
arrived with a health monitoring report following the Federation of European Laboratory 
Animal Science Associations (FELASA) guidelines (Nicklas et al., 2002). These guide-
lines include tests for 10 bacteria, Mycoplasma and fungi, 14 viruses and endo- and 
ectoparasites causing infections in mice. Data about the mice used in studies can be found 
in Table 1. 
 

Table 1 The description of naïve mouse stocks and strains used in studies 

Study Stock/Strain Sex Number Source 

I NIH/S � 144 National Public Health Institute, Finland 

II NIH/S � 48 National Public Health Institute, Finland 

III C57BL/6J � 192 Harlan, The Netherlands 

IV C57BL/6J � 36 Harlan, The Netherlands 

 BALB/c � 36 Scanbur AB, Sweden 
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3.3 Experimental design 

Study I. NIH/S mice (34.5 ± 0.4 g, mean ± SEM) were chosen from 21 litters that included 
at least 6 male mice. Mice were housed with their littermates until they were randomly 
distributed between new cages that corresponded to experimental groups – i.e. each 
experimental group included one member from litter 1, one member from litter 2 and etc. 
The following types of studies were done:  

� In the chronic ethanol administration study, 67 mice from 11 different litters 
were used. Mice were housed separately with their littermates until the 5th 
week of life and at the time of the experiments mice were 10 weeks old.  

� In the acute ethanol study, 66 mice from 10 different litters were used. Mice 
were housed separately with their littermates until the 9th week of life. At the 
time of the experiments, mice were 13 weeks old. 

 
Study II. NIH/S mice (32.7 ± 0.3 g, mean ± SEM) were chosen from 8 litters that included 
at least 6 male mice. They were housed in litter groups until the 5th week of life and then 
distributed between new cages (see Figure 1). 

 

Figure 1 The establishment of the groups in Study II. 
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Study III. C57BL/6JOlaHsd mice were used. They were ten weeks old, and weighing  
24.6 ± 0.2 g (mean ± SEM), at the time of the EPM test. The cages and the items were 
changed to new items of the same type once a week. The allocation of the mice into cages 
and groups for exposure times for one, two, three or four weeks before the EPM is 
illustrated in Figure 2. 
 

 

Figure 2 The study design for one of the CF items used. Other two items were tested 
similarly in Study III. 
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Study IV. 36 female C57BL/6JOlaHsd mice and 36 female BALB/cSca mice were used. 
Mice were ten weeks old at the time of the EPM test, weighing respectively 18.3 ± 0.2 g 
(mean ± SEM) and 19.1 ± 0.2 g. The mice were randomly allocated to cages of 6 animals 
per cage to create the following groups (each group consisted of two cages), see Figure 3. 
The cages and the items were changed to new items of the same type once a week. 

 

 

Figure 3 The study design for one mouse strain. Other mouse strain was tested similarly 
in Study IV. 
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3.4 Cage furniture items 

All CF items were made from aspen wood by Tapvei and autoclaved before use.  
 
Study III. The following CF items were used: 

� Tapvei corner with stairs (corner), formed by two aspen boards, which were joined 
at a 90° angle. On one surface of the triangular cabin there were 3 cavities. This 
item allows animals to climb over as well as hide underneath, where there is a spot 
with less illumination. (Figure 4A) 

� Tapvei mouse house (nest box), quadrangular aspen box with walls and two round 
openings on two adjacent sides (Figure 4B). This house-like structure provides 
space with considerable shade from light and has several openings for passage of 
the mice. 

� Tapvei stairs (stairs) – originally consisted of five rectangular aspen blocks, 
connected by four aspen bars. By removing two blocks from the stairs – a stair or a 
ladder – was constructed and both were used in each cage (Figure 4C). The stairs 
are tailored for both vertical and horizontal climbing activities, but do not provide 
a dim place for hiding and resting. 

� All of these features with their dimensions are shown in Figure 4. 
 

 

Figure 4 Items of CF used in the study: corner (A), nest box (B) and stairs (C). 

Study IV 
Stairs – original stairs were modified as described in study III (Fig. 4C). 
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3.5 Drug administrations (Study I) 

3.5.1 Drug preparation 

L-NOARG (Sigma, St. Louis, MO, USA) was suspended in saline with a few drops of 
Tween-80 (Sigma, St. Louis, MO, USA). The concentration of Tween-80 in suspension 
was approximately 1%.  

3.5.2 Acute ethanol administration 

Six groups of mice were used, see Table 2: 
All substances were injected intraperitoneally (i.p.). Ethanol was given at a dose of 1.0 
g/kg 

 

Table 2 Groups of mice used in acute ethanol administration 

 60 min before test 30 min before test 

Group Drug mg/kg Drug 

1 Vehicle  Vehicle 

2 Vehicle  Ethanol 

3 L-NOARG 20 Vehicle 

4 L-NOARG 20 Ethanol 

5 L-NOARG 40 Vehicle 

6 L-NOARG 40 Ethanol 
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3.5.3 Chronic ethanol administration 

The following groups of mice were used: 
� Control mice were housed in their home cages until the behavioural tests. 
� Ethanol-intoxicated were housed ethanol inhalation box until the behavioural tests. 
� Ethanol-withdrawn mice were taken out from the inhalation box one-by-one 

exactly 7.5 h before the behavioural test and group-housed in new cages until the 
experiment. 

From all groups, mice were assigned for the vehicle or L-NOARG treatment, both injected 
i.p. 60 min prior to behavioural experiments. Once the injections were completed, the 
mice were returned to their cages or ethanol inhalation box. 

For chronic ethanol administration, a method modified in our laboratory (Pokk et al., 
2001, Vassiljev et al., 1998, 1999) from the work of (Ferko & Bobyock 1977) was used. 
Mice were placed in a plexiglas box (52.0 � 122.0 � 26.0 cm; w � l � h), using four animal 
cages, with standard laboratory food and water available ad libitum. Air was bubbled into 
ethanol solution with air pumps, and the vapour above the solution was blown through the 
chamber. (Figure 5). The concentration of ethanol solution was gradually raised from 
28 ml / 400 ml solution (day 1) to 98 ml / 400 ml (day 22-23). Ethanol solution was 
changed twice a day. During 23 days the blood ethanol levels increased  

 

Figure 5 Schematic presentation of ethanol inhalation box. 
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3.6 Behavioural methods 

3.6.1 The elevated plus-maze test (Studies I-IV) 

EPM test is used to evaluate the anxiety-like behaviour of experimental animals. Animals 
were taken to the experimental room one hour before the EPM test to allow time for 
adaptation. The EPM test was carried out according to method of Lister (1987), slightly 
modified by (Pokk et al., 2001). The EPM was made of wooden material covered by 
polystyrene and consisted of two open and two closed arms, which were connected by a 
central platform (Figure 6). The experiments were carried out in dim light. 
 

The test began with the mouse being placed on the central platform and facing an open 
arm. Over the next five minutes, the following activities were measured: 

� the number of entries made into the open arms 
� the number of entries made into the closed arms 
� the time spent in the open arms 
� and the following data were calculated afterwards: 
� the percentage of entries made into the open arms 
� the percentage of time spent in the open arms. 

 

Figure 6 Photograph of the EPM apparatus used. 
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3.6.2 The staircase test (Study II) 

The staircase test is used to evaluate the anxiety-like behaviour of experimental animals 
and it was carried out according to a method slightly modified from those described by 
(Simiand et al., 1984) and (Thiebot et al., 1973). The staircase was made of polystyrene 
and consisted of five identical steps and was surrounded by walls. The mouse was placed 
on the floor of the box with its head facing the staircase (Figure 7). 
 

The parameters counted during three min were: 
� the number of steps climbed 
� the numbers of rearings (animal standing on hind feet only) made.  

 

Figure 7 Photograph of the EPM apparatus used. 

3.7 Blood ethanol determination (Study I) 

Study I 
Mice were sacrificed by decapitation immediately after the behavioural tests and trunk 
blood was collected for blood ethanol determination by gas chromatography. For details of 
the assay method, see Article I. 
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3.8 Statistics 

Study I 
The EPM data test was analyzed with ANOVA using ethanol and L-NOARG treatment as 
factors. The post-hoc statistical analysis was made by contrast analysis. Statistical analysis 
was carried out using the Systat Version 8.0 for Windows. 
 
Study II  
The EPM, staircase and weight data were analyzed using ANOVA using litter as the main 
effect and weight gain during four weeks of acclimatization and final weight as covariates. 
The two latter models test whether weight is a significant factor within each litter.  
 
Study III 
ANOVA and the Tukey’s post- test were used for comparisons between 13 groups, i.e. the 
control group and the groups that had been exposed to one of the three items of CF 
(corner, nest box or stairs) for four different exposure times (one, two, three or four 
weeks). Levene's test was used to assess whether there were differences in the variance 
between the groups. 
 
Study IV 
EPM and weight results were analysed with one-way and two-way ANOVA using strain 
and CF as factors. Further statistical analysis was done by contrast analysis.  
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4 Results 

4.1 Effects of L-NOARG, ethanol and litter in the EPM test (Study 
I) 

4.1.1 Effects of acute and chronic ethanol and acute L-NOARG 
administration on the behaviour of mice in the EPM test 

Acute ethanol and chronic ethanol induced an anxiolytic-like effect on the behaviour of 
mice in the EPM test. 

L-NOARG induced an anxiolytic-like effect in control mice, but did not strengthen the 
anxiolytic effect of ethanol. 

L-NOARG, administered during ethanol withdrawal, attenuated the decrease in the 
number of entries made into the open arms, in the percentage of entries made into the open 
arms and in the percentage of time spent in the open arms, caused by withdrawal 
(Table 3). 
 

Table 3 Effects of acute and chronic ethanol and acute L-NOARG administration on the 
behaviour of mice in the EPM test. � – increase, NS – no significant changes as 
compared to vehicle treated mice. The levels of significance are shown in Article I. 

 Acute ethanol Chronic ethanol 

L-NOARG Ethanol
L-NOARG 
+ ethanol L-NOARG Ethanol 

L-NOARG 
+ ethanol 

Entries open NS � � NS NS NS 
Entries total NS � � NS NS NS 
Time open � � � � � NS 
% of entries � � � � NS NS 
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4.1.2 Effect of litter on the behaviour of mice in the EPM test after acute and 
chronic ethanol and L-NOARG administration 

When the values of individual mice were expressed as percentages, from the means of the 
corresponding groups, the result was that the values for the representatives of different 
litters tended to be above or below the mean of the corresponding groups, irrespective of 
the drug treatment. The effect was statistically significant after acute ethanol treatment 
(Figure 8). 

Therefore it might be proposed that the level of anxiety depended on the litter of the 
mice.  

 

Acute Chronic 

Figure 8 The effect of litter on the behaviour of mice in the EPM test after acute (A and 
C) and chronic (B and D) ethanol and L-NOARG administration. Data are 
presented as percentages (mean ± SEM) from the means of the corresponding 
group. This figure shows the differences in the number of entries made into the 
open arms and in the total number of entries in the EPM test. 
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4.1.3 Blood ethanol concentrations after acute and chronic ethanol 
administration 

The mean trunk blood ethanol concentration was 0.90 ± 0.03 mg/ml (mean ± SEM) after 
acute ethanol administration at a dose of 1.0 g/kg and 4.78 ± 0.11 mg/ml (mean ± SEM) 
after chronic ethanol administration by inhalation.  

4.1.4 Weight changes 

Litter had a significant effect on the initial weight and also on weight changes during the 
adaptation period in all experiments but had no effect after the end of the adaptation 
period (Figure 9). Initial weight and weight changes were also dependent on the litter. 

 

Figure 9 The effect of litter on weight changes 4 days after the regrouping of mice from their 
littermates into new cages. Data are presented as means ± SEM from the litters of 6 
mice. 
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4.2 Effects of litter origin on the behaviour of mice in the EPM 
and staircase tests (Study II) 

The cage in which mice were housed had no effect on the behaviour of animals in the 
EPM or staircase test. Litter was a significant (0.006 < p < 0.010) factor in all open arm 
parameters (Figure 10), but inclusion of weight gain or final weight did not increase the 
explanatory value. 

Litter alone as the main effect did not reach statistical significance in the closed arm 
parameter, but significance was achieved by inclusion of final weight of the individual 
mouse (p = 0.045). 

 

 

Figure 10 The effect of litter on the behaviour of mice in the EPM test. Data are presented as 
mean ± SEM from litters of 6 mice. This figure shows the number of entries made into 
the open arms and the total number of entries in the EPM test. Lines show overall 
means of all mice for the corresponding parameter of exploratory behaviour. 

The number of steps made in the staircase was 44.19 ± 2.20 and the number of rearings 
made in the staircase was 17.55 ± 0.71. Litter had no effect on the behaviour of mice in 
the staircase test (Figure 11). Both weight gain (p = 0.049) and final weight (p < 0.033) 
were significant covariates when the number of steps taken was assessed, and a slightly 
larger standard deviation coefficient was achieved by inclusion of weight gain. For further 
details, please see Article II. 
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In evaluation of the number of rearings, neither litter alone nor when combined with 

final weight achieved any statistical significance, but inclusion of weight gain converted 
litter into a significant (p = 0.048) main effect. 

 

Figure 11 The effect of litter on the behaviour of mice in the staircase test. Data are 
presented as mean ± SEM from litters of 6 mice. This figure shows differences 
in the number of steps and rearings made in the staircase test. Lines show 
overall means of all mice for the corresponding parameter of exploratory 
behaviour. 
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4.3 The effect of three CF items on the behaviour of male 
C57BL/6J mice (Study III) 

The presence of the nest box or stairs for the three weeks appeared to have an anxiolytic-
like effect on the behaviour of the mice. The effect of CF depended not only on the type of 
CF used but also on the length of exposure (Table 4). 
 

Finally, provision of either the stairs or the nest box for three weeks (but not for one, 
two or four weeks) caused a significant decrease of weight gain.  

Table 4 The effect of three CF items on the behaviour of mice in the EPM test. � – 
increase, NS – no significant changes as compared to standard housing. 
Significances are given in Article III. 

 1 week 2 weeks 3 weeks 4 weeks 
CF 
item 

Nest-
box 

Stairs Corner 
Nest-
box 

Stairs Corner
Nest-
box 

Stairs Corner
Nest-
box 

Stairs Corner

Entries 
open NS NS NS NS � NS � � NS NS NS NS 

Entries 
total NS NS NS NS NS NS NS NS NS NS NS NS 

Time 
open NS NS NS NS NS NS NS NS NS NS NS NS 

% of 
entries NS NS NS NS NS NS � � NS NS NS NS 
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4.4 The effect of CF items-(stairs) on the behaviour of female 
C57BL/6J and BALB/c mice (Study IV) 

The effect of CF depended on the strain of the mice and was not observed on BALB/c 
mice (Table 5). CF for 3 and 4 weeks induced an anxiolytic –like effect in C57BL6J mice. 
Exposure to CF for 3-4 weeks resulted in less faecal boli voided in female C57BL6J, but 
not in BALB/c females. 
 

Table 5 The effect of CF on the behaviour of mice in the EPM test. � – increase, NS – no 
significant changes as compared standard housing. Statistical significances are 
given in Article IV. 

 3 weeks 4 weeks 
Mice C57BL/6J BALB/c C57BL/6J BALB/c 
Entries open � NS � NS 
Entries total � NS NS NS 
Time open � NS � NS 
% of entries � NS � NS 
 

CF for three weeks retarded weight gain in BALB/c mice, CF for four weeks increased 
the weight gain of C57BL/6J mice while the same had no effect in BALB/c female mice 
(Figure 12). 

 

Figure 12 The effect of CF on weight gain of female mice over four weeks. Data are 
presented as mean ± SEM from groups of 12 mice. * P < 0.05 vs. none 
(without CF) in the same strain;+ P < 0.05, ++ P < 0.01 vs. same housing 
type in C57BL/6J mice (contrast analysis) 
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5 Discussion 

5.1 Effects of L-NOARG on the behaviour of control, ethanol-
intoxicated and ethanol-withdrawn mice (Study I) 

Since the first classic works on the elevated plus-maze (EPM) test in rats (Pellow et al., 
1985) and mice (Lister 1987), it has been repeatedly shown that anxiolytic drugs facilitate 
the open arm activity as evidenced by the increased percentage of entries made into the 
open arms and the greater percentage of time spent in the open arms of the EPM. Our 
findings are in line with earlier published studies (Lister 1990; File et al., 1993; Guimarães 
et al., 1994; Volke et al., 1995; Cole et al., 2000) i.e. the administration of ethanol and L-
NOARG does induce anxiolytic effects whereas ethanol withdrawal has anxiogenic effect 
in the EPM test in mice. 

The administration of L-NOARG had no effect on the behaviour of mice after acute or 
chronic ethanol administration. The inability L-NOARG to induce the anxiolytic effect in 
ethanol-intoxicated mice can be explained by a ceiling effect – L-NOARG was not able to 
further increase the already high percentages of entries and time spent within the open 
arms. However, L-NOARG attenuated the anxiogenic effect of ethanol withdrawal. 

These results do not agree with previous results where the NOS inhibitor, 7-NI, evoked 
behavioural depression in ethanol-intoxicated mice, but had no effect on the anxiogenic 
effect of ethanol withdrawal in the EPM test (Pokk et al., 2001). However, there are 
several possibilities to explain these different results. Firstly, NOS inhibitors are not a 
homogeneous group, the mechanism of action and effects of different NOS inhibitors vary 
considerably. In addition to NOergic pathways, NOS inhibitors also affect serotonergic 
and dopaminergic systems (Kiss et al., 1999; Wegener et al., 2000), e.g. 7-NI, but not 
other NOS inhibitors, decreases the activity of MAO in the brain (Desvignes et al., 1999). 
NOS inhibitors also differ in terms of selectivity – 7-NI is a selective nNOS inhibitor, 
while L-NOARG also inhibits eNOS, increasing blood pressure at high doses (Wang et 
al., 1995; Green et al., 1997). 

Secondly, it is also possible that L-NOARG does not interact with the effects of 
ethanol withdrawal at the level of neurotransmitters, but the anxiogenic effect of 
withdrawal is simply counteracted by the anxiolytic effect of L-NOARG. 

5.2 Effect of litter on the behaviour of the mice in the EPM and 
staircase test and on weight changes (Study I – II) 

This study shows that the litter from which the mice originate has a significant effect on 
their behaviour in the EPM test. The behavioural indices of mice, number of entries made 
into the open arms, the total number of entries made in the EPM test, the percentage of 
entries made into open arms and percentage of time spent on open arms, originating from 
different litters, tended to be above or below of the mean of the corresponding drug-
treatment group, irrespective of the drug treatment. 
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Outbred stocks are bred to maintain heterozygosity, which also leads to extensive 
between-animal variation. A litter, i.e. a group of offspring born at the same time to the 
same mother, is a natural structure, hence one would expect less within-litter variance than 
between all animals of the stock (Festing et al., 2002).  

There are different views on whether animal research should be performed with 
outbred or inbred animals. It has been suggested to use pathogen-free colonies from wild-
trapped progenitors, especially in studies of gerontology. The use of heterogeneous 
animals is claimed to avoid strain-specific idiosyncrasies (Miller et al., 1999). In 
toxicological studies, outbred animals are often preferred because it is believed, that they 
represent better the heterogenic nature of the human population than inbred animals. 
However, as (Festing 2010) explains, this may not necessarily be the case. When using 
outbred animals, the scientists do not know the pedigrees or genotypes so they cannot be 
sure that this model will resemble human genetic variation. The report from Committee on 
Toxicity has proposed that a single stock from outbred rodents should be replaced with an 
equivalent number of selected animals from several different inbred strains to create a 
robust model of heterogeneity present in humans (Aggett 2007). 

Outbred animals are widely used in studies with large animals and the kinship of 
individual animals is usually noted. With outbred rodents and rabbits, kinship is seldom 
known nor taken into account in planning the study design. The reason of this could be the 
fact that the number of animals in the studies is so different – the number of animals in 
studies using large animals is usually very much smaller than in those with rodents and 
rabbits. This can be explained by the common belief that a large number of animals and 
randomization will reduce the possibility of bias. In academic research, the numbers of 
rodents in a group may range from five animals upwards, which is indeed similar to the 
situation in toxicological studies with large animals. Accounting for litters is really a 
question of number of animals to be used, not the size of animal. 

The origin of these litter-related differences is not known. Various genetic (Thompson 
1953; Bucan & Abel 2002), developmental (Chapillon et al., 2002), environmental factors 
(Lister & Hilakivi 1988; Holmes et al., 2005), previous social experience (Mendl & Paul 
1991) and the specific laboratory where the test is carried out (for review see (Wahlsten et 
al., 2003), etc have been postulated to have an effect on the behaviour of mice. 

Since NIH/S outbred mice were used, one could speculate that these differences are 
attributable to genetic variability. It is also possible that these differences can be explained 
by differences in maternal care during the first weeks of life. For example, it has been 
demonstrated that maternal stress (Palermo Neto et al., 2001; Francis et al., 2003) and 
postnatal care (Crabbe & Phillips 2003) affect the behaviour of mice when tested as adults 
in the EPM.  

Litter had a significant effect on the initial weight and also on the weight changes 
measured during the adaptation period and ethanol inhalation. However, statistical 
analysis did not reveal any interaction between behaviour and weight changes, and 
addition of final weight and weight gain as covariates had no effect on significance or 
explanatory value in the EPM test. 

Re-grouping of mice causes aggressive attacks toward unfamiliar animals, social 
reorganization and stress (Avitsur et al., 2001). Weight changes reflect stress and adap-
tation processes (Keeney & Hogg 1999). Social hierarchy of mice has effect on the 
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behaviour in exploratory models (Hilakivi-Clarke & Lister 1992; Keeney et al., 2001). As 
a result one can conclude that it is possible that the litter can determine the adaptation 
ability of the mice and consequently their social status, which in turn has an impact on 
their behaviour. No effect of litter was observed in the chronic ethanol administration 
study, when the adaptation period was longer than in the acute ethanol administration 
study. Therefore it might be postulated that the length of the adaptation period could be 
important. 

It should be noted that no differences attributable to litter were observed in the 
staircase test, but addition of final weight and weight gain as covariates did reveal a 
significant effect in both cases. Therefore it is possible that different behavioural models 
differ in their sensitivity to the effect of litter, and furthermore, larger animals or animals 
undergoing the greatest weight gain during the adaptation period seem to take fewer steps. 

Although the cause for litter differences remains unclear, they nonetheless exist and 
are one of the sources of variation in studies on outbred mice. It is recommended that one 
should obtain the litter information from the breeders in order to control for this source of 
variation and in that way to reduce the number of animals needed in a particular study.  

5.3 The effect of CF on the behaviour of mice in the EPM test 
(Studies III – IV) 

Study III indicated that the exposure of male C57BL/6J mice to the different types of CF 
(nest box, corner and stairs) induced an anxiolytic-like effect in the EPM test and tended 
to increase the locomotor activity of mice. This effect was time-dependent, the apparent 
anxiolytic-like effect was most pronounced in the third week; two of the three items of CF 
had a statistically significant effect on the number of entries that were made into the open 
arms of the maze, and on the percentage of time that was spent in the open arms. 

The results of studies on the effect of CF on mouse behaviour in the EPM test have 
been conflicting. In addition to different types of CF, the effects of CF on the behaviour of 
animals seems to depend on the age (Harburger et al., 2007; Mirochnic et al., 2009) and 
sex (Elliott & Grunberg 2005; Pena et al., 2006) of the animals, and on the line of outbred 
mice (Nevison et al., 1999) or the strain of inbred mice (Tucci et al., 2006). Male 
C57BL/6J housed in enriched environment are more active in behavioural tests than male 
BALB/c in the same conditions (van de Weerd et al., 1994) and C57BL/6J are more active 
than 129S6/SvE mice (Abramov et al., 2008). In the present study design, all animals were 
10 weeks old when they were subjected to the EPM test, but this also means that they 
were at different ages at their first introduction to CF. There are a few studies 
demonstrating an interaction between age of the mice and the effect of EE. It has been 
shown that middle-aged female C57BL/6J mice (10-11 month vs. 6-7 month old mice) 
were less interested in accessing the EE and also EE did not change the stereotypical 
behaviour of those mice (Tilly et al., 2010). However, most of the articles discussing the 
interaction of age and EE, have focused on the neurodegeneration or neurogenesis. 
Therefore, the age differences are greater than in this present – e.g. 3, 15 or 21 month old 
mice were used used (Harburger et al., 2007). In conclusion it should be noted that the 
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effect of the CF could be affected by the time of the first exposure to the mice as well as 
the period of exposure.  

Study IV showed that CF, in the form of modified stairs, produced an anxiolytic-like 
effect in female C57BL/6J mice, but not in female BALB/c mice. Moreover, CF increased 
the locomotor activity in female C57BL/6J, but not in BALB/c female mice. 

Since the concept of CF is to promote animal welfare, it was predictable that the 
provision of CF items would induce an anxiolytic-like effect in the EPM test, and this 
outcome can be interpreted as enhanced animal welfare for C57BL/6J males and females. 

In previous studies, the provision of CF (nest box) did not induce any apparent 
anxiolytic effect in the EPM test (Õkva et al., 2007a; Õkva et al., 2007b) in male BALB/c 
mice. It seems that BALB/c mice demonstrate a high level of anxiety which overcomes 
the anxiolytic-like effect of the CF.  

There are several works (Wolfer et al., 2004; Richter et al., 2009), promoting the use 
of super-enriched cages using a large variety of cage furniture items and changing them 
constantly to create novelty effects. It needs to be emphasized that this strategy creates 
much of extra work for caretakers since a large amount of material needs to be processed 
and this may require additional space. Therefore, attempts should be made to determine 
the optimal enrichment for all parties involved. It has also been demonstrated that in some 
cases simple enrichment provides the same results as a complicated enrichment 
environment (Gross et al., 2011). 

The effects of CF should be considered in planning enrichment programs for housing 
institutions, in designing behavioural experiments and in analyzing the results obtained. 
Therefore the evaluation of CF could provide the valuable information and it would be 
helpful if CF manufacturers were to collect and distribute refinement results on the 
specific CF items that they produce 

Conversely, it should be noted that the effect of CF not only depended on the type of 
object that was used but also on the length of exposure. The typical quarantine period 
within an acclimatization time is rarely more than few weeks in the majority of 
establishments. Therefore one needs to take into account the fact that the novelty effect of 
CF item could diminish gradually (de Visser et al., 2005).  

5.4 The effect of CF on body weight (Studies III – IV) 

There are contradictory data in the literature about the effects of EE on the body 
weight and weight gain of mice. In different studies EE has evoked a reduction in the body 
weight (Haemisch & Gartner 1994; Kaliste et al., 2006), an increase in the body weight 
(Van de Weerd et al., 2002; Augustsson et al., 2003; Meijer et al., 2007) or has had no 
effect (Tsai et al., 2002; Van der Meer et al., 2004; Kulesskaya et al., 2011). It can be 
proposed that in addition to EE, other factors could also be involved in the final result, for 
example housing density (Laber et al., 2008; Nicholson et al., 2009). 

In the present studies, the CF had also different effects, depending on the mouse strain 
and sex. In the male C57BL/6J mice, the decline in weight gain was significant on the 
third week of study, but only with stairs and nest box.  
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However, it should be noted that this correlated with anxiolytic-like effect of CF in the 
EPM test demonstrated by increased number of entries into the open arms in the third 
week. One can observe a distinctive time-course in the effect of CF. In our previous study 
with NIH/S mice and the nest box, the locomotor-depressant effect was pronounced by the 
third week of exposure (Õkva et al., 2007a; Õkva et al., 2007b).  

In studies where only stairs and female C57BL/6J and BALB/c mice were used, CF 
had partly different effects on the weight gain. CF for four weeks increased the weight 
gain in C57BL/6J female mice whereas CF for three weeks decreased the weight gain in 
BALB/c female mice. 

It should be stated that data concerning increased or decreased weight gain needs to be 
treated with caution. On one hand, there are numerous references that a decline in body 
weight and reduced weight gain may be reflecting possible problems in welfare, such as 
disease, stress (Hao et al., 2001; Siegfried et al., 2003) or chronic pain (Mogil & Crager 
2004). The weight change also depends of the strain of the animals and the nature of the 
stress. Social defeat increased the body weight and food intake in C57BL/6J and showed 
reduced metabolic activity in BALB/c mice (Razzoli et al., 2011). 

There are publications where it has been demonstrated that the low body weight caused 
by caloric restriction  (Miller et al., 2000) or genetic factors can increase the lifespan 
(Miller et al., 2002). On the other hand the increased body weight, often following the ad 
libidum feeding, can also cause problems since it leads to obesity and to health problems 
associated with that condition.  

It has also been shown that an increased body weight will decrease the activity levels 
of the animals (Tou & Wade 2002). 



43 
 

Conclusions 

Litter information can be used for reduction purposes in the EPM test. CF improved the 
welfare of C57BL/6J mice as evidenced by the anxiolytic-like behaviour in the EPM test. 

More specific conclusions were: 

 
I Litter is a significant determinant of the behaviour of outbred NIH/S mice in the 

EPM test. NOS inhibitors may have effects on the behavioural changes caused by 
ethanol withdrawal. Moreover, it can be proposed that NOS inhibitors affecting 
different NOS subtypes can modify the different aspects of the ethanol withdrawal 
syndrome.  

 
II Since litter is one of the sources of variation in studies with outbred mice, 

information of the litter could and should be used in statistical analysis in order to 
reduce variation and the number of mice needed. The inclusion of weight as a co-
factor in the statistical analyses improved the explanatory value of the results. 
It is recommended to obtain the litter information from the breeders in order to 
control for this source of variation and in that way to reduce the number of animals 
needed.  

 
III In C57BL/6J male mice, the CF items (corner, nest box and stairs) induced an 

anxiolytic–like effect in the EPM test. This effect could be interpreted as 
refinement of the housing by improving the animal welfare. The effect of CF on 
the behaviour of mice in the EPM test depends on the type of objects and is 
influenced by time of exposure.  

 
IV Stairs induced an anxiolytic–like effect in the EPM test in female C57BL/6J but 

not in BALB/c mice. In conclusion, the effect of added CF item depends on the 
strain of the animals being tested.  
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