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GENERAL INTRODUCTION 

In 1959, William M.S. Russell and Rex L. Burch published ‘The principles of humane 
experimental technique’ in which they presented the ‘Three R’s’ concept of Replacement,
Reduction and Refinement as a tool to ‘diminish or remove suffering by animals used for 
experimental purposes’ (Russell & Burch 1959). Although the contents of the book were 
not readily picked up by scientists and legislature, nowadays the ‘Three R’s’ have become 
the main theme in the field of laboratory animal science and form the basis of legislation 
on animal experimentation. Replacement refers to the use of alternative methods as 
substitutes for in vivo techniques, such as in vitro cell or tissue cultures, microarray 
technology, computerized models and audiovisuals. Reduction concerns the decrease of the 
number of animals used, for example by the standardization of experimental conditions, 
including the use of inbred strains, or by the use of appropriate statistical methods. The last 
R stands for Refinement, which aims at reducing the incidence and severity of painful, 
distressing or discomforting procedures applied to laboratory animals.  

In this thesis, the R of refinement has been the basis for the experiments that were 
performed. The objective of the study was to gain insight into the acute physiological 
stress response in laboratory mice (Mus musculus) caused by routine experimental 
procedures, and to investigate (i) the influence of environmental factors on this acute stress 
response and their potential to diminish it; and (ii) the value of telemetrically measured 
physiological parameters in this respect. In this general introduction, the concept of 
refinement will first be discussed in more detail and will be placed in the light of acute 
stress caused by routine experimental procedures in the laboratory. Then, refinement will 
be addressed in relation to reliability and validity of test results and it will be argued that 
environmental factors can play an important role in this respect. In the following section, 
the physiological parameters used in the experiments will be discussed and a rationale for 
the choice of the animal model and methods will be given. Finally, the contents of the 
following chapters of this thesis will be briefly introduced.  

Because mice were the animal model of choice for the experiments described in this 
thesis (see under ‘animal model’), many examples given in the following sections will 
stem from mice or other small rodents and to a lesser extent from other animal models like 
pigs or non-human primates. 

The concept of refinement 

Animal experiments are performed for many different reasons such as the search for 
disease diagnostics and treatments for both man and animal, the safety testing of drugs and 
vaccines and for educational purposes. Although moral objections towards the use of 
animals in experimentation exist, the majority of the public considers in vivo research 
inevitable and judges it as acceptable (Matfield 2002) provided that: 
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a) there is a definite need for the experiment and no alternative; 
b) the benefit for human or animal outweighs the experimental animal’s suffering 

(according to the judgement of an animal ethics committee); 
c) the experiment is carefully designed and performed, with maximum attention for 

the welfare of the animals and only by persons who are fully competent. 
It is generally agreed and also made mandatory by law that if an animal experiment has to 
be performed, experimenters and caretakers are obliged to minimise pain and suffering and 
to take care of the animals in the best possible way, giving attention to specific biological 
and behavioural needs of the species used. These topics can be captured under the term 
refinement and many recommendations and rules on this subject have been laid down in 
laws and guidelines designed by authorities like the Council of Europe (Convention ETS 
123; Council of Europe 2004), the EU Commission (European Council Directive 
86/609/EEC 1986) and in national laws, and have also been described in handbooks on 
laboratory animal science (e.g. Van Zutphen et al. 2001, Hau & Van Hoosier 2003).  

Refinement can be implemented at various levels, e.g. by a careful choice of the 
animal model, by improvement of the animal’s environment or by improving the 
experimental procedures.  

Animal model 
One of the ways to achieve refinement is by carefully selecting the appropriate animal 
model. This means for example using the animal species and strain which can most closely 
reflect the disease for which it will be used as model, a strategy that is becoming more 
common and applicable today with the growing availability of genetically modified animal 
models as e.g. for Down’s syndrome (O'Doherty et al. 2005) or Huntington’s disease 
(Bates et al. 1997).  

In the choice for an animal model it is also important to choose the animal species 
with the lowest degree of neurophysiological sensitivity or with the least likelihood of 
suffering, meanwhile not overlooking the need to obtain reliable results (Russell & Burch 
1959).  

Environment  
Increasing concern about laboratory animal welfare during the last decades has resulted in 
a considerable refinement of the way laboratory animals are kept (Renner & Rosenzweig 
1987, Hart 1994, Baumans 2000, Olsson & Dahlborn 2002, Olsson et al. 2003, McClearn 
2004, Reinhardt 2005, ILAR 2005, Reinhardt & Reinhardt 2006). Where housing 
requirements for laboratory animals were once primarily determined by economic and 
ergonomic aspects like costs and workload (Baumans 2005) and were considered to be 
fulfilled when the animals’ physiological needs like food, water and climate were satisfied 
and their health and reproduction were maintained at adequate levels, today the provision 
of complex, enriched environments is considered to be of utmost importance. 
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Environmental enrichment has been defined as follows: any modification in the 
environment of captive animals that seeks to enhance its physical and psychological well-
being by providing stimuli meeting the animal’s species-specific needs (Newberry 1995, 
Baumans 2000). Enrichment can be  provided in the form of nesting material (e.g. Van de 
Weerd et al. 1997, Latham & Mason 2004), shelters (Würbel et al. 1998, Van Loo et al.
2005), running wheels (Sherwin 1996, Pietropaolo et al. 2004, De Visser et al. 2005) or 
food puzzles (Roberts et al. 1999), by allowing social contact, especially for gregarious 
species (Gameiro et al. 2006), and by improving predictability and controllability, factors 
that are considered to decrease the amount of stress perceived by the animal (Wiepkema & 
Koolhaas 1993).  

In addition to animal welfare considerations, there has been a growing 
understanding that enrichment (both physical and social) can also improve the outcome of 
scientific research, as an environment that meets the animals’ ethological needs guarantees 
normal behaviour and brain development (Würbel 2001, Würbel 2002), whereas barren 
environments can for instance induce abnormal repetitive behaviours that may have a 
negative impact on the validity, reliability and replicability of experiments (Garner 2005). 
‘Happy’ animals will be better able to cope with stressors to which they are subjected 
(Poole 1997), and in the end, this will ensure better data collection and good scientific 
results (Benn 1995). Furthermore, studies on inter-individual variation have not revealed 
an increasing variability of results in mice and rats provided with simple cage enrichment 
meeting their most essential needs (Van de Weerd et al. 2002, Augustsson et al. 2003, 
Würbel 2005, Pham & Baumans 2006). 

Procedures 
Laboratory animals are subjected to a wide range of procedures like handling, cage 
cleaning, injections, blood sampling and major surgery. Although these procedures are an 
unavoidable aspect of in vivo experimentation, researchers and animal caretakers can 
refine their techniques by carefully choosing those methods which will cause the least 
harm or discomfort to the animals. For instance, some animal species can be trained to 
cooperate during otherwise stressful procedures (Reinhardt 1997, Boxall et al. 2004, 
Prescott et al. 2004) or to voluntarily take drugs (Marr et al. 1993, Huang-Brown & Guhad 
2002). In addition, animals may become less stressed when accustomed to handling (Van 
Bergeijk et al. 1990, Hirsjärvi & Väliaho 1995a, Hirsjärvi & Väliaho 1995b). Aggression 
in male mice after cage cleaning can be reduced by transferring used nesting material to 
the clean cage (Van Loo et al. 2000). Furthermore, methods of anaesthesia and analgesia 
can be improved (Karas 2002, Richardson & Flecknell 2005; also see Box 1), sophisticated 
techniques can be introduced like for example radio-telemetry (Kramer 2000) or the 
automated screening of behaviour (Van de Weerd et al. 2001, Quinn et al. 2003, De Visser 
et al. 2005). Finally, when there is the choice, the least painful or discomforting procedure 
can be chosen (e.g. handling procedures in rats, Baturaite et al. 2005).
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Routine procedures and acute stress 
Many procedures to which laboratory animals are subjected are regarded to be simple and 
part of daily routine and considered to cause only minor discomfort. Though this may be 
true, there is a large body of evidence that many routine procedures, even as simple as 
handling, can cause acute stress responses in laboratory animals (Balcombe et al. 2004). 
For example, haematological parameters like glucose and haemoglobin and hormone 
levels such as corticosterone (CORT) changed in rats as a result of handling and hand 
restraint (Gärtner et al. 1980) and the same procedures were found to cause an acute 
increase of heart rate (HR), body temperature (BT) and/or blood pressure (BP) in both rats 
and mice (Gärtner et al. 1980, Clement et al. 1989, Cabanac & Briese 1992, Kramer et al.
1993, Zethof et al. 1994, Michel & Cabanac 1999, Baturaite et al. 2005). Also, increased 
levels of plasma CORT have been found in mice as a result of transport and tail bleeding 
(Tuli et al. 1995a, Tuli et al. 1995b). Although these acute stress responses are usually of 
temporary nature, the frequency of the routine procedures and the fact that they can be 
carried out during all stages of an experiment demands for careful attention.  

Refinement, environment, and the reliability of test results 
The present thesis focuses on refinement of routine experimental procedures. In this 
respect, the term refinement can be extended beyond its original meaning. In addition to 
minimising pain and discomfort in laboratory animals, refinement should also entail the 
effort of experimenters to obtain the best possible results from their animal experiments, 
which can be considered a prerequisite to justify the use of animals. Of course, every 
experimenter, whether working with animals or working in vitro, aims at acquiring reliable 
and valid data, however, when using animals this can be complicated by the fact that 
animals are not only affected by test procedures, but also largely by their environment.  

This is illustrated by a recent debate that took place in the field of behavioural 
neuroscience. In 1999, Crabbe et al. demonstrated that even after thorough standardisation 
of environment and procedures, the outcome of several behavioural tests showed 
interactions with the three different laboratories where the tests had been performed 
(Crabbe et al. 1999, Wahlsten et al. 2003). Supported by this outcome, it was argued that 
standardisation of experimental conditions was thereby proven to be of questionable 
relevance for the reproducibility and credibility of animal experiments (Würbel 2002). To 
Würbels’ opinion, standardisation increased the risk of obtaining results that were 
idiosyncratic (i.e. characteristic or typical) for that particular situation and hence lacked 
external validity. Thorough documentation, which was suggested as a means to gain 
insight into the effect of environmental factors (Arndt & Surjo 2001, Surjo & Arndt 2001) 
would not be of help, as was argued by Würbel, as the list of possible factors would be 
endless and therefore ineffective. This opinion, however, was not shared by others who 
pleaded that in fact systematic documentation of environmental variables was a 
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prerequisite to gain insight into the effects these could have on the test results (Van der 
Staay & Steckler 2001, Van der Staay & Steckler 2002, Bayne 2005).  

However, in spite of their differences in opinion on the value of standardisation, the 
authors of the abovementioned papers all agreed on one point: environmental conditions 
have a considerable influence on the outcome of scientific experiments involving 
laboratory animals, which can not be neglected. As has been discussed by Lathe, in mice 
these environmental conditions already differ in the period before birth when the 
intrauterine position of the fetus determines the level of androgens it is exposed to, and 
individual differences continue to exist throughout later life, for example as a result of 
social status (Lathe 2004).  

Impact of environment and husbandry conditions on the acute physiological stress 
response after routine procedures 
Manipulation of the environment, for instance by enrichment, can improve the animals’ 
living conditions, as has been discussed previously, but it remains important to know how 
environmental factors affect experimental results. Even though it is stated that scientific 
outcome will improve as a result of enrichment (Benn 1995, Poole 1997, Würbel 2001, 
Würbel 2002, Garner 2005), the differences that it may induce should be well-known, 
especially since environment and husbandry conditions can change during the course of an 
experiment. For example, animals are sometimes individually housed halfway an 
experiment (Akutsu et al. 2003, Andersson et al. 2004, Deak et al. 2005) which may have 
an effect on the parameters to be studied. Individual housing of mice has for instance been 
found to change brain neurotrophin levels (Zhu et al. 2006) and to cause an increased 
baseline value of HR (Einstein et al. 2000). In rats, individual housing was also found to 
affect HR and BP (Sharp et al. 2002a, Sharp et al. 2003c).  

The differences between the laboratories found in the study by Crabbe et al. (1999) 
were possibly caused by individual differences between the experimenters, a factor that 
had not been controlled for in the otherwise fully standardized study. Later studies also 
demonstrated that the influence of the experimenter and other environmental factors is 
sometimes even more important for the test outcome than for instance mouse genotype 
(Chesler et al. 2002a). This indicates that factors that are often considered to be less 
relevant or are even neglected, can actually be of significant importance.  

Another factor which is widely recognised to be of significant influence on 
laboratory animals, is the predictability and controllability of stressors. In the classic 
experiments by Weiss (1970), it was demonstrated that rats subjected to predictable stress 
developed less gastric ulcers than rats that were subjected to unpredictable stress. Gastric 
ulceration was even less in rats that could control the stressor (electrical shock). The 
positive effect of predictability has been confirmed by more recent studies, for example 
demonstrating reduced HR and BT after handling in mice who were presented with an 
acoustic cue prior to entering the animal room, compared to mice who did not receive the 
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preceding cue (Kramer et al. 2004). Furthermore, the benefits of predictability also apply 
to positive experiences: it is known from rats as well as pigs that announced reward has 
additional impact in comparison with reward alone (Van der Harst et al. 2006, Dudink et
al. 2006). However, it is still unknown if the provision of a reward after a predicted 
stressor will change the acute stress response. 

The fact that environmental factors can have such an impact on animals gave rise to 
the hypothesis that these factors could also potentially diminish the acute stress response 
after routine experimental procedures. This has therefore been the main objective of the 
research described in this thesis, investigating amongst others the impact of individual 
housing and announced reward. As the focus in this study has been on physiological 
parameters, HR and BT as measured by radio-telemetry were evaluated for their reliability 
in quantifying the acute stress response.  

Physiological parameters of acute stress 

As mentioned, routine procedures - even when of short duration and considered to cause 
only minor discomfort - are known to cause acute physiological stress responses in 
laboratory animals. In this paragraph, the physiological processes related to the (acute) 
stress response will be briefly summarized (partly adapted from Berne et al. 1998). 

Homeostasis and the autonomic nervous system 
Homeostasis is the relatively steady state of body variables maintained by means of 
physiological or behavioural regulation (Broom & Johnson 1993). Stress can be defined as 
a (temporary) loss of homeostasis. As the duration of this disturbed steady state is usually 
unpredictable, even acute, temporary stress reactions can be perceived by an animal as 
threatening, as loss of homeostasis can compromise the individuals’ health and well-being.  

Physiological homeostasis is in principle controlled by the autonomic nervous 
system (ANS) which consists of the sympathetic nervous system (SNS) and the 
parasympathetic nervous system (PSNS), two highly integrated systems that usually work 
reciprocally or antagonistically. Activation of the SNS enables the organism to mobilize 
and expend energy whereas PSNS activation contributes to the conservation of energy and 
enables the organism to restore resources. During physical exercise and during acute stress 
reactions, the SNS becomes quickly activated. Through the sympathetic nerve endings and 
innervation of the adrenal medulla, the catecholamines noradrenalin (NAd) and adrenalin 
(Ad) are released. This release is very rapid: increased levels of Ad can be assessed in the 
blood almost immediately after the onset of a stressor (Broom & Johnson 1993, p96). This 
leads to an increasing cardiovascular activity, showing an increased HR (tachycardia), an 
increase in blood volume due to vasoconstriction of peripheral blood vessels and an 
increased blood flow to the skeletal muscles. Also, respiratory rate and the release of 
glucose are increased. Other activities, such as digestion, reproduction, growth and 
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immunity are suppressed. These functions are controlled by the PSNS, which innervates its 
target organs and glands through the release of acetylcholine (ACh). 

Heart rate and body temperature 
Under resting conditions, the heart is mainly under control of the PSNS via the release of 
ACh by the vagus nerve. When PSNS tone is exceeded by the influence of the SNS, the 
heart is innervated both by the sympathetic nerve endings releasing NAd, as well as by 
plasma Ad released from the adrenal medulla. Typically, HR shows a strong diurnal 
rhythm, with the highest levels found during the active period (which is for mice during 
the dark period) and lowest levels during rest. In acute stress situations, due to the 
activation of the SNS (the so-called ‘fight-flight response’), a tachycardia develops which 
can be significantly higher than the average HR level found during normal activity. For 
instance, the average HR of mice at rest (but awake) has been found to be 450-500 beats 
per minute (bpm) and after light activity 600-650 bpm; during hand restraint HR increased 
up to 750-800 bpm (Kramer et al. 1993). It is however important to mention that in certain 
situations it is also possible to find a decrease of HR (bradycardia) during an acute stress 
situation, for example when an animal ‘freezes’ (shown in situations which the animal 
experiences as threatening, in mice and rats recognizable as the stiffening of the whole 
body, including immobility of the whiskers and ears; Van der Harst et al. 2003a). 
Bradycardia during acute stress is the result of simultaneous activation of the PSNS 
together with the SNS. Thus, in such a situation, catecholamines may also be increased at 
the same time.  

Another aspect of the physiological stress response is an increase in BT, also known 
as stress induced hyperthermia (SIH). SIH can be described as a psychogenic fever, a rise 
in the thermoregulatory set point that is not caused by an increased physical activity or 
affected by ambient temperature (Briese & Cabanac 1991, Oka et al. 2001). It should be 
noted that SIH relates to an increase in core temperature (hyperthermia) rather than in 
peripheral temperature, the latter actually decreases during a stress response due to the 
SNS driven vasoconstriction of the peripheral blood vessels. This has for example been 
demonstrated in rat tails with the aid of infrared thermography (Houx et al. 2002). Like 
HR, BT shows a strong diurnal rhythm with high levels during the active periods. 
Although BT during stress responses does not rise as fast as HR, SIH can be measured 
within 10 minutes after the onset of a relatively mild stressor: the removal of cage mates 
from the home cage (Zethof et al. 1995). 

HR and BT are both sensitive parameters to measure acute stress, but are also 
affected by metabolic function and motor activity, which should be controlled for when 
evaluating results (Broom & Johnson 1993). A non-disturbing measuring technique such 
as radio-telemetry allows to use the baseline level of each individual animal as its own 
control. HR, BT and also BP have been regularly used as parameters to assess acute stress 
in animals (Pattij et al. 2002, Groenink et al. 2003, mice; Sharp et al. 2002a, Sharp et al.
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2003b, Sharp et al. 2003c, Sharp et al. 2005, Baturaite et al. 2005, rats; Narciso et al.
2003, rats and mice; Loijens et al. 2002, pigs).

In addition, heart rate variability (HRV) as assessed by interbeat interval analysis of 
the ECG waveform, might give more insight in the specific influences of the SNS and 
PSNS on the acute stress response (Task Force of the European Society of Cardiology the 
North American Society of Pacing Electrophysiology 1996). The technique has been 
successfully demonstrated in both mice and rats, showing changes in the SNS/PSNS ratio 
as a result of autonomic blockage of either one of the components (Kuwahara et al. 1994, 
Ishii et al. 1996, Gehrmann et al. 2000) and has for example also pointed out the influence 
of genetic background on cardiac dynamics (Stiedl & Meyer 2003). 

Glucocorticoids 
In addition to the adrenergic response of the SNS, the neuroendocrine response of the 
hypothalamic-pituitary-adrenal (HPA) axis also plays a role in the stress response. 
Activation of the HPA axis stimulates the hypothalamus to secrete corticotrophin releasing 
hormone (CRH) which in turn stimulates the anterior pituitary to release 
adrenocorticotrophine hormone (ACTH). ACTH on its turn stimulates the adrenal cortex to 
release glucocorticoids. This release is not as fast as the release of the catecholamines, but 
can still be detected within a few minutes after the onset of a stressor. Similar to the 
activation of the SNS, glucocorticoids prepare the body for physical activity (by 
stimulating the release of blood glucose) and suppress any other processes that are not 
essential at that particular moment (e.g. glucocorticoids strongly inhibit the immune 
system). In mice as well as in rats, the major glucocorticoid is corticosterone (CORT). 
Activation of the HPA-axis can already be found after relative simple procedures: Gärtner 
et al. (1980) found increased levels of plasma CORT in rats after moving their cages from 
one place to another.  

The adrenergic and neuroendocrine components of the stress response are mutually 
reinforcing: NAd stimulates CRH release and CRH increases adrenergic discharge. 
However, simultaneously, negative feedback by glucocorticoids inhibits the further release 
of ACTH from the pituitary, which protects the body from the otherwise detrimental 
effects that continuous high levels of the stress hormones would have. As a result, 
glucocorticoid levels may be reduced during chronic stress situations, which can for 
example be illustrated by the blunted circadian rhythms found in barren-housed pigs (De 
Jong et al. 2000). 

Rationale for the choice of animal model and methods 

Animal model 
Due to its small size, fast reproduction and easy maintenance, the mouse (Mus musculus) is 
the most frequently used animal species in experimental animal research (47.7% of all 
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experimental animals used in The Netherlands in 2003, Dutch Inspectorate for Health 
Protection and Veterinary Public Health 2004). Therefore, as the research performed for 
this thesis aimed to reflect common laboratory situations, the mouse was considered to be 
the most relevant species to investigate. For the same reason, female mice were used in all 
experiments. Although the mouse is a gregarious species, male mice often express 
territorial behaviour and several strains are known to show severe aggression under 
laboratory conditions. As a result, the number of female mice used in the laboratory is 
higher than the number of males, as aggression is undesirable for both experimental as 
well as ethical reasons (Van Loo et al. 2003). In fact, on average 65% of the male mice are 
euthanased before weaning as there is no demand for them. For highly aggressive strains 
such as FVB mice, this percentage can cumulate up to 80% (Laboratory Animal Science 
Association 1998). 

Besides the aim to mimic common laboratory situations in this study, the choice to 
use female mice was also influenced by the fact that in a number of experiments the effects 
of social- versus individual housing is investigated. The influence of social status 
associated with hierarchy in male mice, which has for instance been demonstrated to affect 
anxiety related behaviour (Ferrari et al. 1997) was considered undesirable in the current 
study. Although results can potentially be influenced by the oestrus cycle when using 
females (e.g. Carey et al. 1992, Palanza et al. 2001), the opposite has also been 
demonstrated in rats, as no effects of oestrus cycle were found on cardiovascular 
parameters after experimental procedures (Sharp et al. 2002b). 

There are many different (inbred) strains of mice (Mouse Genome Database (MGD) 
2006) which allows researchers to choose for specific models according to the research 
question involved. In this project, most experiments were performed with the C57BL/6 
strain, which is one of the most frequently used inbred strains worldwide as it is used as 
the background strain for many transgenic mouse models. In order to search for strain 
differences, another inbred strain, BALB/c, was compared to the C57BL/6 strain in 
chapters 3 and 7 of this thesis. The BALB/c strain is considered to be more ‘emotional’ 
than the C57BL/6 strain as it generally shows increased anxiety, and for this reason these 
two strains are regularly compared (e.g. Van de Weerd et al. 1994, Kopp et al. 1999, Ohl 
et al. 2001, Ducottet & Belzung 2004, Caldji et al. 2004, Carola et al. 2006). 

Radio-telemetry
Most experiments described in this thesis used a fully-implantable radio-telemetry system 
as the principle technique to study the physiological effects of acute stress in mice. The 
first studies using fully-implantable transmitters in small animal species were described at 
the end of the 1980’s (Kramer 2000). The technique provides the major advantage of 
collecting data on HR, BT, ECG (electro cardiogram), BP and several other parameters in 
conscious, freely moving animals, in contrast to earlier techniques which required restraint 
or anaesthesia of animals for in vivo measurements (although these methods can 
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sometimes still be found in the recent literature, e.g. Hoit et al. 2002), or required 
euthanasia at specific time points for post-mortem histological examination (e.g. Kramer et
al. 1999). Although the substantial refinement radio-telemetry is providing, it does involve 
major surgery for the implantation of transmitters, which will certainly bring along 
discomfort as it requires anaesthesia and will most likely cause post-operative pain. The 
latter can normally be diminished by proper analgesia and post-operative care, although 
analgesia in particular is not always applied (e.g. Ishii et al. 1996, Deak et al. 2005). This 
however does not only apply to the implantation of transmitters, as it has been recently 
reported that in general only 20% of laboratory rodents receive post-operative analgesic 
treatment after invasive surgical procedures (Richardson & Flecknell 2005). Even though 
post-operative recovery and care were no main objectives of the research project described 
in this thesis, an attempt has been made to further refine the technique (Meijer et al. 2002, 
also see Box 1).

Manufacturers of radio-telemetry systems have made a lot of effort to diminish the 
size of their transmitters to make them applicable for small animal species. However, until 
today, no transmitter has become available for the simultaneous collection of ECG and BP 
data in animals as small as mice, which requires a choice for either one of the parameters. 
In the current project it was chosen to use those transmitters which allowed to collect data 
on HR, ECG and BT. As judged by the return of normal behaviour and recovery of body 
weight, previous findings have shown that mice can recover from this type of transmitter 
implantation within two weeks after surgery (Baumans et al. 2001; note that in the current 
project the mice were allowed several weeks to recover). Thus far, there have been no 
studies on the post-operative recovery and possible welfare implications of the BP 
transmitter in mice. 

Aim and outline of the thesis  

The objective of the studies described in this thesis was to gain insight into the acute 
physiological stress response in laboratory mice (Mus musculus) caused by routine 
experimental procedures, and to investigate whether (i) environmental factors influenced 
the acute stress response and had the potential to diminish it; and (ii) how this could be 
assessed by the use of physiological parameters like heart rate (HR) and body temperature 
(BT) as measured by radio-telemetry.  

In chapter 2, HR and BT were compared to plasma CORT after different methods of 
restraint, to investigate whether the parameters would show a quantitative effect with 
increasing stressor intensity. In addition, three different injection methods were compared 
with respect to their effect on the acute stress response as well as the influence on the 
stress response of an experienced vs. a recently trained animal technician when performing 
a subcutaneous (SC) injection.  
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Chapter 3 was designed to investigate whether two contrasting husbandry 
conditions would evoke differences in the acute stress response as measured by HR and 
BT in two strains of mice after injections or restraint. As the main differences that were 
found in this study seemed to be caused by the individual housing of the mice, the next 
experiment investigated how the acute stress response in individually housed mice was 
affected by the provision of cage enrichment and the habituation to a frequent handling 
regime (chapter 4).

In the experiment described in chapter 5, mice were subjected to repeated trials of 
restraint by hand, which was either predicted by a cue, and / or followed by a food reward. 
The objective was to study how increased predictability in combination with the activation 
of the reward system would influence the acute stress response.  

From the results of chapters 3-5, it seemed that HR and BT were not always 
showing consistent results and were possibly much affected by experimental settings. In 
addition, one of the restraint methods described in chapter 2 consisted of placing the mice 
in a Perspex restrainer for 5 minutes. Although this was only a short period, HR and BT 
had been found to decrease. In order to gain more insight into the specific influences of the 
SNS and the PSNS on this decrease and the acute stress response in general, the procedure 
with the Perspex restrainer was repeated in chapter 6, now measuring ECG for analysis of 
heart rate variability (HRV).  

In chapter 7 it was investigated whether urinary CORT could be a useful parameter 
to measure acute stress in mice, which would be a refinement of the common, but more 
invasive blood sampling techniques for measurement of plasma CORT.  

In chapter 8, the claim that rats and mice should not be housed in the same animal 
room was assessed for evidence of distress in mice. HR and BT were recorded before and 
during two weeks of the presence of rats in their room. In addition, CORT was measured 
in the urine of the mice.  

Finally, in chapter 9, the results of the preceding chapters are summarised and are 
followed by a general discussion. 
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BOX 1: Influence of analgesics on body weight after transmitter implantation 

In the current studies several groups of mice were implanted with radio-telemetry 
transmitters. In one of the experiments (chapter 3) the mice were administered 
buprenorphine (also known under the trade name Temgesic®) for post-operative 
analgesia, whereas in the other experiments carprofen (trade name Rimadyl®) was used. 

Carprofen is a member of the group of the so-called ‘non-steroidal anti-
inflammatory drugs’ (NSAID’s). NSAID’s are normally said to be less useful to 
diminish surgically induced pain, but there have been indications that carprofen, which 
is usually administered to larger species like dogs or cattle, could be rather effective as a 
post-operative analgesic in mice (Karas 2002, and personal communication). Carprofen 
has been shown to alleviate post-surgical pain (Liles & Flecknell 1994, Roughan & 
Flecknell 2001) and to reverse the depression of body weight (BW) and food and water 
consumption in rats after surgery (Flecknell et al. 1999).  

Buprenorphine on the other hand is an opioid and is an established and regularly 
used analgesic for pain management in small rodents. However, buprenorphine is also 
known to reduce food intake (Liles & Flecknell 1992), to influence gastrointestinal 
transit (Cowan 1992, Bhounsule et al. 1996) and as been reported to induce pica 
behaviour (the consumption of non-digestible substances such as bedding material) in 
normal, non-operated rats (Clark Jr. et al. 1997). In the current project, both analgesics 
were compared with respect to BW loss after transmitter implantation in mice. The 
experiments described in chapters 3 and 4 both contained experimental groups that were 
comparable for age, sex, strain, housing and husbandry conditions at the time of 
transmitter implantation (10-11 weeks old female C57BL/6 mice, housed in groups of 
three, husbandry conditions consisting of ‘No enrichment and little handling’ or 
‘Enrichment with frequent handling’, see the relating chapters for further details). In 
chapter 3, the mice were treated with buprenorphine and in chapter 4 with carprofen, the 
results have been compared and are presented here.  

In the first four days after surgery the mice treated with buprenorphine lost over 
23% of their BW (see Figure 1). Also during carprofen treatment a significant decrease 
in BW was found (with a maximum of 12.3%), but this was significantly less than with 
buprenorphine treatment. Analysis of the data showed that the differences in overall 
BW loss between the buprenorphine treated animals and the carprofen treated animals 
were independent of housing conditions (p < 0.001, statistical testing performed with a 
general linear model with repeated measures with time as within-subject factor and 
analgesia and housing conditions as between-subject factors; SPSS release 12.0.1). 
Although it was shown in deer mice that the presence of an implant in the abdomen 

results in a loss of tissue mass proportional to the mass of the implant (Adams et al. 
2001), a 23.5% decrease in BW in only four days should be considered very high. 
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Figure 1: BW before and after intra-abdominal implantation of a radio-telemetry transmitter in four 
groups of female C57BL/6 mice (n = 7 per group). Results of chapter 3 (buprenorphine) on the left 
and results of chapter 4 (carprofen) on the right. Data after surgery were corrected for the weight of 
the transmitter and percentages in the columns indicate the weight loss or gain compared to the BW 
before surgery. Data are presented as means ± SEM. 

It is possible that the previously described pharmacological properties of buprenorphine 
played a role in the weight loss, however, as loss of BW is generally believed to be an 
sensitive indicator for pain and discomfort (Manser 1992, Van Zutphen et al. 2001, 
p181), it is also possible that buprenorphine did not provide the intended analgesic 
effect. It was therefore decided that in the current project carprofen was the analgesic of 
choice for the remainder of the studies. This was confirmed by behavioural observations 
which, although not studied systematically, showed no critical signs of pain during 
carprofen treatment.  

It is concluded that carprofen provides a sufficient level of analgesia after intra-
abdominal transmitter implantation and reduces loss of BW compared to buprenorphine. 
Because of these positive results it is recommended to continue the use carprofen for 
pain relief after transmitter implantation. 
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Summary

Routine procedures in the laboratory, inducing acute stress, will have an impact on the 
animals and might thereby influence scientific results. In an attempt to gain more insight 
into quantifying this acute stress by means of the parameters heart rate (HR) and body 
temperature (BT), we subjected mice to different restraint and injection methods. We first 
compared the treatment response of HR and BT, measured by means of radiotelemetry, 
with the treatment response of plasma corticosterone (pCORT), a common and well-
validated parameter for measuring acute stress responses. It was found that HR, and to a 
lesser extent also BT, parallels pCORT values after subjecting the animals to different 
methods of restraint. Secondly, the acute stress response caused by different injection 
methods was evaluated. Again, HR was found to be a more sensitive parameter than BT. 
We found that, in case of sham injections, the acute stress response after an intraperitoneal 
(IP) injection was more pronounced than after intramuscular (IM) or subcutaneous (SC) 
injections, but that this difference was found to be inconsistent when saline was used as 
injection fluid. In a third experiment we investigated if the level of experience of the 
animal technician influenced the stress response after SC injections, but no differences 
were found. Overall, the results have indicated that HR might be considered as a useful 
parameter for measuring acute stress responses to routine procedures, but the value of BT 
seems to be of limited value in this respect. 
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Introduction

Animal experiments often require routine procedures such as handling, restraint, injections 
and blood sampling. The effect of such procedures on the animal’s physiology may vary, 
depending on method, frequency or duration of the procedure. Refinement of animal 
experiments requires to choose for the least stressful method adequate for its purpose. The 
aim of the present study is to explore the value of heart rate (HR) and body temperature 
(BT) as parameters for comparing the acute stress response of routine procedures.  
In the literature, a large body of research has already shown the direct effect routine 
procedures have on these physiological parameters. Studies with radiotelemetry have 
demonstrated tachycardia and hyperthermia in mice as an effect of weighing, handling or 
injections with saline (Clement et al. 1989, Kramer et al. 1993, Harkin et al. 2002), and in 
rats tachycardia and hyperthermia were found after several procedures like cage cleaning 
and saline injections (Dilsaver & Majchrzak 1990, Sharp et al. 2002a, Sharp et al. 2003c). 
But, although HR and BT readily respond to routine procedures, the meaning of these 
parameters for quantifying the level of acute stress, provoked by such procedures in the 
mouse, needs still to be substantiated by further experimental data. Therefore, in this study, 
we first investigated whether the recovery pattern of HR and BT, both driven by the 
autonomic nervous system, parallels the neuroendocrine response of plasma corticosterone 
(pCORT) after different methods of restraint, varying both with respect to duration as with 
respect to the actual way the animal was restrained. The changing level of pCORT is a 
common and well-validated parameter of acute stress (Korte 2001), that has also been used 
in other studies concerning routine procedures in mice (Tuli et al. 1995a, Tuli et al.
1995b).  

Next, one of the restraint procedures (restraint by hand for ~10sec) was extended by 
comparing different methods of injection. In mice and other small rodents, the choice for a 
certain injection route largely depends on the required absorption rate and the 
characteristics of the substance (pH, viscosity, etc.). Several handbooks and reports on 
laboratory animal techniques provide detailed information on where and how to administer 
substances, usually without indicating what the effect of the procedure on the animal’s 
physiology will be. Intramuscular (IM) injections in the mouse are often discouraged, due 
to the fact that the muscles of the posterior thigh are rather small (Hedrich & Bullock 
2004) but also because IM injections are supposed to be more painful (Morton et al. 2001, 
Van Zutphen et al. 2001). However, this recommendation does not seem to be based on 
experimental evidence. In an attempt to find out if the method of injection has impact on 
the acute stress response as measured by HR and BT we compared the recovery to baseline 
values of these parameters after IM injection with those of subcutaneous (SC) and 
intraperitoneal (IP) injection routes. 

Also, in order to gain insight into what extent the response is influenced by the level 
of experience of the technician conducting the procedure, the effect of SC injection on HR 
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and BT was compared between two technicians, of whom one was experienced and the 
other only recently trained.  

Materials and Methods 

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 

This study comprised a total of three experiments, which will be described in detail 
separately below. In the first experiment different methods of restraint were used in order 
to evaluate HR and BT as parameters for measuring the acute stress responses. The 
experiment consisted of two parts: in part 1A, pCORT values were assessed to verify the 
hypothesis that the restraint procedures chosen are indeed causing different levels of stress 
response. In part 1B, HR and BT were measured telemetrically and compared with pCORT 
responses.

In the second experiment HR and BT were used in order to estimate the impact of 
different injection methods, whereas in the third experiment these two parameters were 
used for evaluating the impact of the level of experience of the technician. In each 
experiment, female C57BL/6JIco mice (Charles River, Maastricht, The Netherlands) were 
housed in the same, conventional animal room (temperature 18-24°C; 12/12h light/dark 
cycle with lights on at 07:00h, light intensity at shelf level about 100lux; radio on during 
light hours). Mice were socially housed in elongated Makrolon® II cages (floor area 
530cm2) in the first experiment provided with Aspen chips bedding (Abedd®, Köflach, 
Austria), in the second and third experiment with sawdust bedding (Lignocel®3/4, 
Rettenmayer&Sohne, Ellwangen-Hulzmühle, Germany). The cages were enriched with 
Kleenex tissues (Kimberly Clark, Ede, The Netherlands). Cages were cleaned once a week. 
Food pellets (CRM-E, SDS, Witham Essex, UK) and tap water were provided ad libitum.

Experiment 1A 
Forty-eight mice arrived at the facility at the age of about 9 weeks (mean body weight at 
arrival 18.9  0.1g) and were randomly assigned to groups of four animals. 

Experimental procedures started in the third week after the animals had arrived and 
were divided over two morning sessions (six cages per session), starting at 09:00h. The 
procedures were performed in a room adjacent to the animal room, separated by one door. 
The four mice in each cage were randomly distributed over four groups: 

1) Control (C): These animals were not subjected to restraint procedures. 
2) Lift by tail base (LT): The mouse was lifted by the tail base, a few centimetres 

from the cage floor, and held about five seconds. 
3) Restraint by hand (RH): The mouse was lifted by the tail base and placed on the 

cage lid. It was then restrained by holding the scruff and the base of the tail. The 
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head was tilted downwards and the abdomen was gently palpated. The whole 
procedure took about ten seconds. 

4) Perspex restrainer (PR): The mouse was held by the tail base and placed in a 
Perspex restrainer ( 2.5cm inside, length adjustable for the size of the mouse) 
with the tail outside (see Figure 1). After five minutes the mouse was released and 
the restrainer was cleaned with a mild detergent, rinsed with water and dried. 

Figure 1: mouse in Perspex restrainer. 

Procedures started by transporting a cage to the adjacent room. The PR animal was 
placed in the restrainer after which the LT and RH animals were subjected to their 
respective procedures. Ten minutes after the cage had been transported (in case of the C 
animal) or after the end of the procedure (other animals), blood was collected through tail 
incision for pCORT assessment (see below). The restraint procedures were performed by 
another experimenter than the blood collections. All together, one session took no longer 
than 70 minutes. 

Experiment 1B 
Twenty-seven mice arrived at the facility at the age of about 12 weeks (mean body weight 
at arrival 21.8  0.2g) and were randomly assigned to twenty-seven cages. Each mouse 
was given a cage mate which was surplus from Experiment 1A (cage mates were 15 weeks 
of age at the start of Experiment 1B). 

Transmitter implantation and post-operational care 
One week after the mice had arrived at the facility (at a mean body weight of 21.6  0.1g) 
they were implanted with a radio-telemetry transmitter (TA10ETA-F20, DataSciences 
International, St.Paul, MN, USA). About 20 minutes before surgery, the mice received an 
SC injection with an antibiotic (enrofloxacin, 31.25 mg/kg in a 1:1 dilution with sterile 
saline: Baytril® 2.5%, Bayer BV, Mijdrecht, The Netherlands). The mice were 
anaesthetized using Isoflurane (Isoflo®, Schering-Plough, Maarssen, The Netherlands), 
N2O and O2 (induction: Isoflurane 5%, N2O:O2 1:1, 2 litres; maintenance: Isoflurane 1.4-
1.6%, N2O:O2 1:1, 0.5-0.8 litres) and the eyes were protected from the airflow with eye 
ointment (Vitamin A ointment, Pharmacy of Veterinary Faculty, Utrecht, The 
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Netherlands). The implantation procedure, which has been described in detail elsewhere 
(Kramer et al. 1993), was slightly modified. In short, the abdomen was opened and the 
transmitter was placed in the peritoneal cavity with the leads placed subcutaneously at the right 
shoulder (negative lead) and the left lower chest (positive lead). The transmitter was sutured to 
the muscle layer (with non-absorbable Perma-hand Silk® 5-0; Johnson & Johnson International, 
Brussels, Belgium) after which the muscle layer and skin were closed (with absorbable Vicryl®

4-0; Johnson & Johnson International, Brussels, Belgium). Before closure, the peritoneal cavity 
was filled with warm, sterile saline (0.9%, Braun Melsungen AG, Melsungen, Germany). The 
surgical procedure took on average 26 minutes. Afterwards, the mice were placed in an incubator 
(32 C) for about 1h and then returned to a clean home cage that was partially placed on a heating 
pad for at least 24h. The abdomen of the non-operated cage mate was swabbed with a gauze with 
70% alcohol, in order to provide a comparable novel odour as the implanted animal. Besides 
normal food and water, Solid Drink® (Triple A Trading, Otterloo, the Netherlands), and food 
pellets moistened with 3% glucose solution were additionally provided for four days. For post-
operative analgesia, the mice were administered carprofen (5 mg/kg SC) twice daily for three 
days after surgery (Rimadyl®, Pfizer Animal Health, Capelle aan den IJssel, The Netherlands; 
50mg/ml diluted 100x with sterile saline thus providing additional fluid at the same time) and 
enrofloxacin was administered once daily for four days after surgery in order to prevent 
infections. The mice were allowed 6 weeks to recover before the experimental procedures 
started. 

Throughout the experiment, HR and BT data were collected every 3 minutes, 24 hours 
a day. Transmitter-signals were sent to a PC and saved to disk. Data acquisition was 
performed using DataQuest A.R.T. (DSI, St. Paul, MN, USA). 

Experimental procedures 
Experimental procedures started in the seventh week after transmitter implantation. The 
mice were distributed over three groups, each group being subjected to one of the three 
restraint procedures as described under experiment 1A (LT, RH and PR). A control group 
was not necessary in this experiment as telemetered animals can serve as their own 
controls. The procedures were divided over three morning sessions (three animals of each 
group - nine in total - per session), starting at 09:00h. During the restraint period, the PR 
animals were placed on a DSI receiver and HR and BT were collected every 10 seconds. In 
the meantime, one animal of the LT group and one animal of the RH group were subjected 
to their respective restraint procedures. After an animal had been subjected to its 
experimental procedure, it was returned to its home cage, and HR and BT were collected 
every 3 minutes. After 90 minutes, the animal was brought to the adjacent room again, and 
blood was collected through tail incision for pCORT assessment (see below). All 
procedures were performed by the same experimenter. 
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Plasma collection and corticosterone measurement 
Blood was collected by means of a tail incision, a method that does not cause severe stress 
or lasting harm to the animals (Dürschlag et al. 1996). Thereto, the mouse was taken from 
its cage and placed on the lid of another, empty cage, its head and body covered with a 
tissue. With an extra sharp razor blade (GEM® Scientific, American Safety Razor Co., 
Staunton VA, USA) a perpendicular incision was made at the ventral side of the tail, 
initially about 1.5cm away from the base, the second time more proximal. Drops of blood 
were collected in a Microvette® CB 100/200 capillary collection tube coated with EDTA 
(Sarstedt, Nümbrecht, Germany) until a volume of about 150 l. When finished, a gauze 
was placed on the incision and gentle pressure was applied for a moment before the mouse 
was returned to the home cage. The blood samples were centrifuged at 13,000rpm for 
15min. by a temperature of 4ºC. Plasma was stored at –20 ºC. pCORT levels were 
measured using a solid-phase 125I radio-immunoassay (CAC® Rat Corticosterone TKRC1, 
Diagnostic Products Corporation, Los Angeles, USA). 

Statistics
pCORT values did not fulfil all requirements for parametric testing and were therefore 
tested non-parametrically. Groups were compared using Mann-Whitney U tests with 
bonferroni correction. 

In order to avoid missing HR and BT values (possible to occur when a mouse is 
very active and the position of the transmitter is out of range of the receiver) each analysed 
time-point was the mean of three data acquisitions (or two in case of a missing value). HR 
and BT levels were compared at intervals 0-9, 18-27, 36-45 and 54-63 minutes after 
restraint. Because of the fully randomised groups, baseline values were expected and found 
to be equal across groups (tested by one-way ANOVA) and post-procedure data were 
therefore not corrected for baseline. Analysis was done using ANOVA with repeated 
measures, with time as within-subject factor and group as between-subject factor. All 
analyses were performed by SPSS for Windows, release 10.1.0. Differences were 
considered statistically significant when P  0.05. Data are expressed as mean values ± 
SEM.

Experiment 2 
For this experiment, nine mice were used that in a previous experiment (approximately 6 
weeks earlier) had been subjected to the RH procedure (as described under Experiment 
1A) four times a day for 15 days in total. With HR and BT as parameters, habituation to 
the RH procedure could not be detected. The mice were implanted with telemetry 
transmitters as described under Experiment 1B. At the start of Experiment 2, the mice 
weighed 24.7  0.1g (corrected for the weight of the transmitter) and were socially housed 
with two other females of the same age. Each mouse was subjected to the following 
procedures: 
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1. Subcutaneous injection (SC): the mouse was restrained (as RH procedure) and 
injected in the scruff with a 26-gauge needle.  

2. Intraperitoneal injection (IP): the mouse was restrained (as RH procedure) and 
injected in the peritoneal cavity with a 26-gauge needle inserted at an 
approximately 10  angle. 

3. Intramuscular injection (IM): performed by two people, one restraining the mouse 
(as RH procedure) and the other administering the injection by inserting a 29-
gauge needle perpendicularly (i.e. in a 90  angle) into the muscle of the posterior 
thigh.  

The injection procedures were performed twice: once as a sham injection with no 
fluid injected, the second time with saline injected (in a volume of 0.25ml for the SC and 
IP injections and 0.02ml for the IM injection; before injecting IP and IM, aspiration was 
performed to check for damage). Thus, the mice were subjected to a total of six 
procedures, which were randomised over a total of six trials. 

Statistics
Data were analysed as in Experiment 1B, with a few modifications due to differences in 
experimental set-ups. Baseline values were expected and found to be equal across groups 
(ANOVA with repeated measures, with type of injection as within-subject factor), post-
procedure data were therefore not corrected for baseline.  

Post-procedure data were analysed by ANOVA with repeated measures with time 
and injection-route as within-subject factors. Post-hoc contrasts with bonferroni correction 
were used to compare for differences between injection-types. 

Experiment 3 
For this pilot experiment, nine mice were used which, like the mice of Experiment 2, were 
previously implanted with telemetry transmitters and which had been subjected to the RH 
procedure four times a day for 15 days in total. At the start of Experiment 3, the mice 
weighed 25.7  0.8g (corrected for the weight of the transmitter) and were socially housed 
with two other females of the same age. 

The experimental procedure consisted of a SC injection with 0.25ml of saline 
(0.9%; Braun Melsungen AG, Melsungen, Germany) and was performed by two female 
technicians differing in their level of experience: one technician had been working with 
small laboratory rodents for seven years, regularly performing both simple and complex 
technical procedures; the second technician was recently trained to perform SC injections. 
The injections were performed on two separate days, starting at 10:00h. Half an hour 
before the injections were performed, one of the technicians was present in the animal 
room, this period being used for baseline measurements. The procedure was performed as 
described under Experiment 2. The order by which the mice were injected was 
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randomised. The procedures were taped on video to assess the time needed by each 
technician to perform the procedure. 

Statistics
Data were analysed as in Experiment 1B, with a few modifications due to differences in 
experimental set-ups. Baseline values were expected and found to be equal across groups 
(ANOVA with repeated measures, with technician as within-subject factors), post-
procedure data were therefore not corrected for baseline.  

Post-procedure data were analysed by ANOVA with repeated measures with time 
and technician as within-subject factors. 

Results

Experiment 1A 
pCORT values, when measured in blood collected ten minutes after the end of the restraint 
procedure, were found to have increased, compared to the value in control animals, with 
the highest increase for the PR and the lowest for the LT group (Figure 2). The differences 
as found between group C and group LT did not reach statistical significance, but both 
group RH and group PR showed a significant increase of pCORT compared to group C (p 
< 0.001). Also, statistically significant differences were found between group PR and 
group RH (p = 0.01) and between group PR and group LT (p = 0.004). 

Figure 2: Mean (± SEM) pCORT values of mice subjected to different restraining methods in 
experiment 1A (left side) and experiment 1B (right side). C = control; LT = Lift by tail; RH = 
Restraint by hand; PR = Perspex restrainer. Significances indicated by asterisks (* p  0.05; *** p 
0.001). 
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pCORT
In experiment 1B, blood samples were collected 90 minutes after the restraint procedures. 
Again, a gradual increase of pCORT with increasing stressor-intensity was found (Figure 
2), although the values were lower than in the first experiment. pCORT was significantly 
increased in group RH when compared to group LT (p = 0.048). Animals of group PR 
showed higher pCORT values than animals of group LT (p = 0.004). The difference 
between groups RH and PR did not reach statistical significance. 

Figure 3: Mean (± SEM) heart rate (panel A; overall group effect: p = 0.005) and body temperature 
(panel B; time*group effect: p = 0.003) values of mice after different restraining methods in 
experiment 1B. LT = Lift by tail; RH = Restraint by hand; PR = Perspex restrainer. Range for baseline 
values of HR and BT indicated as a grey bar. 
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Heart rate 
During the five minutes in the restrainer, HR in the animals of group PR significantly 
decreased (from 611 to 486bpm) but the HR quickly rose once the animals were returned 
in their home cage. This was equal for the other two groups: during the first nine minutes 
(first interval) after the animals were returned to their home cage there was a tachycardia 
with heart rates of 650-700bpm (Figure 3A). 

Significant differences for HR were found during the recovery to baseline (p = 
0.005). Group PR showed the highest tachycardia throughout the recovery period whereas 
group LT showed the lowest HR compared to the other two groups (Figure 3A). 

Figure 4: Mean (± SEM) heart rate (panel A; overall difference between injection methods: p = 
0.036) and body temperature (panel B; n.s.) values of mice after different sham-injection methods in 
experiment 2. SC = subcutaneous; IP = intraperitoneal; IM = intramuscular. Range for baseline values 
of HR and BT indicated as a grey bar.  
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During the five minutes of restraint of group PR, the mean BT decreased from 36.6 to 
34.3 C (p < 0.001) Unlike HR, BT remained low in the period immediately after the mice 
were released from the restrainer, taking about 18min to increase again and reach a 
maximum. And although BT in groups LT and RH was also still rising the first minutes 
after the restraint procedures had ended, these mice did not show the considerable 
hypothermia present in the PR group, making the difference between these groups and the 
PR group quite pronounced at the 0-9min time-point (Figure 3B). As a result, a time*group 
effect was found (p = 0.003). 

Figure 5: Mean (± SEM) heart rate (panel A; time*injection method: p = 0.018) and body 
temperature (panel B; n.s.) values of mice after different injection methods using an appropriate 
volume of saline in experiment 2. SC = subcutaneous; IP = intraperitoneal; IM = intramuscular. Range 
for baseline values of HR and BT indicated as a grey bar. 
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Experiment 2 
A significant overall difference of HR recovery was found between the three sham 
injections (p = 0.036, Figure 4A). After post hoc testing with bonferroni correction the 
difference did not reach statistical significance, although a trend was found for the 
difference between IM and IP injections (p = 0.078), the IP injection showing a higher HR 
during the recovery period, but no such trend was found between the SC and IP injections 
(p = 0.261). In case of the injections with saline there was an interaction with time (p = 
0.018), showing a trend between the IP vs. the SC injection (p = 0.078, Figure 5A). 
Notably, in this case the SC injection showed the highest HR at the 18-27min interval. For 
BT no differences were found between the three injection routes, neither for the sham 
injections, nor for the injections with saline (Figures 4B + 5B). 

Experiment 3 
When comparing the injections performed by each technician, it was found that the 
recently trained technician needed more time to perform the procedure (19.8s vs. 15.1s for 
the experienced technician; p = 0.05). No different patterns for HR or BT could be found 
between the two technicians.

Discussion

In experiment 1A, pCORT values were assessed to verify the hypothesis that the three 
restraint procedures chosen were indeed different in the level of stress response that they 
would cause. As anticipated, groups RH and PR showed a significant increase in pCORT 
compared to the other groups, with highest values for the PR animals (Figure 2). The LT 
group did not differ from the C group, which can be explained by the fact that the C 
animals were group-housed together with mice from the other three groups, which 
consequently meant that they were also transported to the adjacent room and thereby 
aroused. As could be expected due to the delayed time period between the procedure and 
blood collection, the pCORT values found in Experiment 1B (90min interval) were lower 
than in Experiment 1A (10min interval), but showed a similar increase over the three 
procedures (Figure 2). The results confirmed the assumption that the three methods of 
restraint each cause a different stress response and that the level of response depends on 
the intensity of the procedure. 

In experiment 1B, HR and BT could be assessed and evaluated by comparing the 
results with the pCORT findings. The results illustrated that HR and BT values readily 
reach a maximum, but that the level during the recovery period was different for each of 
the three restraint methods (Figure 3A + 3B). Specifically, HR followed the pattern as 
found for pCORT values, group PR showing the highest HR throughout the recovery 
period and group LT the lowest. The BT results, however, were significantly influenced by 
the hypothermia resulting from the restraining period in the PR group, and, as BT 
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generally responds slower, it seems to be a less sensitive parameter than HR for measuring 
acute stress responses. The decrease of HR and BT in mice placed in a restrainer has also 
been found by Johnson et al. (2000) and Narciso et al. (2003), though in these studies the 
restraint period lasted several hours. Besides the loss of body warmth due to a lowered 
ambient temperature or a decrease in motor-activity, this response might be an 
evolutionary adaptation, beneficial for the animal when confronted with an inescapable 
situation. However, the change in HR and BT observed after the animals were released 
again in their home cage seems to illustrate that the tachycardia and hyperthermia are only 
temporarily postponed.  

In the second experiment, both HR and BT have also been used as parameters to 
evaluate the effect of various injection techniques. Again, HR rather than BT was found to 
be a useful parameter. Based on HR recovery patterns of the sham injections (Figure 4A) 
one might conclude that the IM injection as such is less stressful than the IP injection. One 
can speculate on the reason, for instance, the puncturing of the peritoneum during the IP 
injection is possibly rather painful. However, this effect was not seen when saline was 
injected (highest HR found after the SC saline injection; Figures 5A + 5B), which 
contradicts the argument of pain of the peritoneum but raises the question how critical the 
influence of the volume and the temperature of the injected fluid are. Taken together, the 
results illustrate that in the search for refinement several aspects have to be taken into 
account. As demonstrated by Van Herck et al. (1998) and Chesler et al. (2002b) the person 
performing a procedure can significantly influence the effect of this procedure on the 
animal. In Experiment 3 we evaluated the effect of the level of experience of the technician 
on HR and BT after SC injections with saline. Although only two technicians were 
compared, the fact that, apart from the time needed to perform the procedure, there were 
no differences found between the two technicians seems to indicate that, for an SC 
injection, the animal does not experience the difference, or that, at least the parameters HR 
and BT are not sufficiently sensitive to differentiate between the two approaches. 
However, handling and injection techniques require certain skills, some people might be 
naturally adept, whereas others might not. Taking this into consideration, a study involving 
a larger pool of technicians would maybe lead to different results, although standardisation 
would be difficult as individual variation will always be an uncontrollable factor, for 
example in how tightly an animal is held. 

As a final remark, the three experiments in this study were all performed with 
female C57BL/6 mice. Although in another study with two inbred strains no effect of 
strain was found (Meijer et al. 2006a), it is still possible that other strains or male mice 
might show different effects. Therefore, in order to be able to apply the current results to 
mice in general, further research would be required. 

In conclusion, our results provide further insight into the physiological effects of 
routine procedures and the value of HR and BT as parameters for measuring the acute 
stress response provoked by such procedures. During the recovery time, HR values were 
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found to correlate with pCORT values and HR might therefore be a useful parameter for 
quantifying the effect of an acute stressor. However, as HR and pCORT have different 
functions in the stress response and are differently affected, either by the autonomic 
nervous system (HR) or the hypothalamic-pituitary neuroendocrine system (pCORT), 
measuring both parameters might be advisable. In contrast, BT reacts more slowly and is 
considered to be a less informative parameter for quantifying the acute stress response. 
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Summary

Laboratory animals are frequently subjected to routine procedures, such as injections or the 
withdrawal of blood samples. Acute stress caused by such procedures is associated with 
physiological changes that can have a strong impact on experimental results. This study 
investigated the integrated effects of cage enrichment, social housing and handling on the 
acute stress response of animals subjected to routine experimental procedures. Female 
mice of two inbred strains (BALB/c and C57BL/6) were housed under either minimal 
husbandry conditions (MH: no cage-enrichment, infrequent handling and a period of 
individual housing) or enriched husbandry conditions (EH: with cage-enrichment, frequent 
handling and social housing at all times). One mouse in each cage was implanted with a 
radio-telemetry transmitter for measuring heart rate (HR) and body temperature (BT). The 
animals were subjected to intraperitoneal injections or short periods of restraint. In 
addition to telemetry measurements, thymus weight and tyrosine hydroxylase (TH) activity 
were assessed. It was found that individual housing under MH conditions, as compared 
with social housing under EH conditions, elevated both basal HR and BT and significantly 
elevated the relative recovery time following routine experimental procedures. Thymus 
weight and TH activity suggested a long-term stress response under MH conditions 
following individual housing, although the influence of transmitter implantation and 
(repeated) acute stress remains to be investigated. The results emphasise that husbandry 
conditions should be taken into account when evaluating physiological measures after 
routine procedures.  
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Introduction

Animal experiments often require routine procedures such as injections, blood sampling 
and handling. These procedures are known to act as acute stressors, which result in a 
physiological stress response. For example, haematological parameters and stress hormone 
levels in the blood of rats have been found to change after moving cages (Gärtner et al.
1980) and increased levels of corticosterone have been found in mice after transport and 
tail bleeding (Tuli et al. 1995a, Tuli et al. 1995b). In addition, a depressive-like state in 
rats (as measured by activity levels) was reported to be induced by repeated saline 
injections, although this varied between strains (Izumi et al. 1997). Furthermore, studies 
using radio-telemetry showed an increase in heart rate (HR) and body temperature (BT) 
levels in mice after weighing, handling or injections with saline (Clement et al. 1989, 
Kramer et al. 1993, Harkin et al. 2002). Environmental factors (e.g. cage size and group 
size) have also been shown to influence the response of HR and mean arterial blood 
pressure (MAP) in rats after a single routine procedure (Sharp et al. 2002a, Sharp et al.
2003a).  

Stress induced physiological changes are part of the normal adaptive response. As 
long as an animal can regain homeostasis within a certain amount of time, it is said to be 
able to cope with the stressful situation. Nevertheless, even responses within the normal 
adaptive range are likely to influence experimental results and have to be considered when 
designing experiments.  

Having a better insight into the reactions of laboratory animals to routine procedures 
will lead to a refinement of animal experiments and help researchers to determine what 
exactly is being measured. Furthermore, allowing the animals to adapt to routine 
procedures can reduce the variability of results, thereby decreasing the number of animals 
required (Poole 1997).  

The present study was designed to investigate to what extent husbandry conditions 
affect the physiological stress response caused by routine procedures in laboratory mice 
(Mus musculus). Two contrasting husbandry conditions were designed that differed in 
enrichment, social housing and handling regime. In order to test for differences between 
strains, two commonly used inbred strains of mice (BALB/c and C57BL/6) were used, 
which are known for their differences in emotionality (see Mouse Genome Database 
(MGD) 2006). HR and BT were measured using radio-telemetry, which was considered to 
be an appropriate tool to measure changes in baseline values and the acute physiological 
response after routine procedures. The possible long-term effects of husbandry conditions 
and/or the procedures were examined by measuring thymus weight and tyrosine 
hydroxylase (TH) activity at post mortem. Thymus weight is known to decrease under the 
influence of stress, caused by increased apoptosis of thymus cells, whereas TH activity is 
known to rise under these conditions, reflecting an increased activity of the hypothalamic-
pituitary-adrenal (HPA) axis (Manser 1992).
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Materials and Methods 

Animals
Eighty-four female mice of two inbred strains (BALB/cByJIco: n = 42; C57BL/6Jico: n = 
42; Charles River, Maastricht, The Netherlands) arrived at the facility at the age of 3 
weeks. The mice were housed in a conventional animal room (temperature 18-24ºC) with a 
12/12h light/dark cycle (lights on: 07:00h, light intensity at shelf level approximately 100 
lux; lights off: 19:00h, light intensity approximately 2 lux); a radio was on during the light-
period. The animals were provided with food pellets (CRM: SDS, Witham Essex, UK) and 
tap water ad libitum.

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 

Husbandry conditions 
At the day of arrival, the mice were randomly assigned to 28 cages (elongated Macrolon® 
type II [floor area 530cm2] with wire tops: Tecniplast, Milan, Italy), housing three mice of 
the same strain per cage. Two of these three mice were marked by clipping either the left 
or right ear. For each strain of mice, half were housed under minimal husbandry (MH) 
conditions and the other half were housed under enriched husbandry (EH) conditions; 
cages were placed randomly on the shelves. MH conditions had sawdust bedding 
(Lignocel® ¾: Rettenmaier&Sohne, Ellwangen-Holzmühle, Germany) without cage 
enrichment, mice were handled only when necessary (e.g. during cage cleaning) and were 
individual housed in Macrolon® type II cages (floor area 370cm2) from week 16 of the 
experiment onwards (see Table 1 for time-line). Under EH conditions, the mice were 
additionally provided with cage enrichment, including a Shepherd Shack (a paper-based 
mini-mouse house, 15x9x6cm, length x width x height; Shepherd Specialty Papers, 
Kalamazoo, MI, USA), two Kleenex® tissues (Kimberly Clark, Ede, The Netherlands), 
approximately 15g of EnviroDry® (folded paper strips, BMI, Helmond, The Netherlands), 
an opaque grey PVC tube (15x5cm, length x width) and two aspen wood chew sticks 
(5x1x1cm in size; Finn Tapvei, Finland). In addition, the EH mice were handled gently 
each weekday for 30-60s, on variable times of the day during specific weeks (see Table 1), 
but always by the same person; these animals were group-housed throughout the 
experiment. 

The MH conditions imitated the husbandry conditions used in many laboratories, 
where cage enrichment is not yet standard and infrequent handling is becoming more 
common with the increased use of individually ventilated cage systems. Although 
individual housing is not standard practice for female mice, it is well accepted when social 
interaction has to be avoided (e.g. after surgery or in metabolic studies), or when in the 
course of an experiment cage mates are removed or die. Although these two contrasting 
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husbandry conditions have the limitation that they do not allow discrimination between all 
variables, it is a well considered choice: if no differences could be detected in this set-up, it 
would be unlikely to find any if the conditions were less different. 

Transmitter implantation and post-operational care 
Seven weeks after the start of the experiment (see Table 1), at the age of ten weeks (mean 
body weight C57BL/6-MH: 21.2 ± 0.2g; C57BL/6-EH: 21.2 ± 0.5g; BALB/c-MH: 24.5 ± 
0.5g; BALB/c-EH: 24.3 ± 0.6g, see Figure 1), 28 mice (one mouse per cage, randomly 
chosen at the beginning of the experiment) were implanted with a radio-telemetry 
transmitter (TA10ETA-F20: DataSciences International, St.Paul, MN, USA). The mice 
were anaesthetized using Isoflurane (Isoflo®: Schering-Plough, Maarssen, The 
Netherlands), N2O and O2 (induction: isoflurane 5%, N2O:O2 1:1, 2L; maintenance: 
isoflurane 1.4-1.6%, N2O:O2 1:1, 0.5-0.8L). During surgery, the eyes were protected from 
the airflow with eye ointment (Chloramphenicol: Cevasanté, Naaldwijk, The Netherlands). 
The implantation procedure was carried out as described in detail by Kramer et al. (1993), 
but with minor modifications. The abdomen was opened and the transmitter was placed in 
the peritoneal cavity with the negative lead placed subcutaneously at the right shoulder and the 
positive lead at left lower chest. Both transmitter and leads were sutured to the muscle layer (by 
non-absorbable Prolene® 4-0 and absorbable Vicryl® 4-0 respectively: Johnson & Johnson, 
Amersfoort, The Netherlands); before closure, the peritoneal cavity was filled with warm, sterile 
saline (0.9%, Braun Melsungen AG, Melsungen, Germany). The mean duration of each 
operation was 45min. After surgery, the mice were placed in an incubator, at 32 C, for 1h. 
Together with their two non-implanted cage mates, they were then returned to a clean home cage 
that was partially placed on a heating pad for at least 24h after surgery. To prevent harassment 
of the implanted animals by their cage mates, 70% ethanol was gently rubbed on to the 
abdomen of each non-implanted animal using a gauze so that all animals carried a novel, 
unfamiliar odour for a short period of time. In addition to normal food and water, Solid 
Drink® (Triple A Trading, Otterloo, the Netherlands), moistened food pellets and food 
‘porridge’, made with 3% glucose solution, were provided for four days. The mice were 
administered with buprenorphine (0.5 mg kg-1; Temgesic®: Schering-Plough, Brussels, Belgium) 
by intraperitoneal (IP) injection for two days after surgery and were allowed four weeks of 
recovery. Handling of the EH animals was resumed in the second week after surgery (Table 1). 

From transmitter implantation onwards, HR and BT measurements were collected 
every 3min, 24h per day. All transmitters functioned correctly, except for one in the 
BALB/c-EH group; therefore, the results of this group are based on a total of six rather 
than seven animals. Transmitter-signals were sent to a PC and saved to disk; data 
acquisition and analysis were performed using DataQuest A.R.T. (DSI, St. Paul, MN, 
USA). 
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Routine experimental procedures 
Stress response measurements after routine experimental procedures began in the fifth week after 
surgery, in week 12 of the experiment. No routine experimental procedures were performed in 
weeks 13, 16, 18 and 20 (see Table 1 for a time-line).  

Cages were always cleaned on Mondays, at which time the animals were weighed 
and food consumption per cage was measured. With the exception of the resting-weeks 
and week 16, when the MH mice were individually housed (see Table 1), experimental 
procedures were performed from Tuesday until Friday between 11:00h and 12:00h, once 
per week for each cage. It was chosen to perform the procedures during the light period 
because this is the common working method in the majority of animal facilities. Cage 
order was randomly chosen and changed each week. In each cage, the implanted animal 
(transmitter + procedures) and one of the two cage mates (only procedures) were 
subjected to the procedures. The third cage mate (control) was not subjected to either 
surgery or procedures. The implanted animals were always subjected to the procedures 
second, in order to start collecting telemetry data as soon as possible after completion of 
the procedures. IP injections consisted of 0.5ml of sterile saline (0.9%, Braun Melsungen 
AG, Melzungen, Germany) administered at room temperature, which is a volume and 
temperature regularly used for administering substances to laboratory mice (Pekow & 
Baumans 2003).  

Table 1: Time-line of the experiment 

Week Week 

1-6 Habituation, handling of E-H groups 17 IP injections 

7 Transmitter-implantations 18 Handling of EH groups 

8-11 Recovery of transmitter implantation, handling of EH 
groups 19 IP injections 

12 IP injections 20 Handling of EH groups 

13 Handling of EH groups 21 IP injections 

14 IP injections 22 Restraint by hand 

15 Restraint by hand 23 Euthanasia and post mortem 

16 Individual housing MH groups, handling of EH groups   

The animal was lifted out of the cage by the tail and placed on the cage lid. It was 
then restrained by holding the scruff, the base of the tail and the left hind leg. The animal 
was held with its head tilted downwards and the abdomen was gently palpated to assess the 
location of the transmitter (if present). The saline was gradually injected in the lower 
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quadrant of the abdomen, off midline, using a 26 gauge needle. The restraint procedure 
consisted of the same protocol; however, no saline was injected, nor was there a needle 
inserted into the abdomen. All experimental procedures were performed by the same 
experimenter who also handled and gentled the EH groups, which took place in the room 
housing the animals. Baseline levels of HR and BT were assessed during the 15-20min 
period before the procedures started, after the experimenter had just entered the animal 
room. HR and BT were also assessed on Sundays (weeks 11-22) between 11:00h and 
12:00h and between 23:00h and 24:00h, to inspect the baseline levels when no one was 
present in the room. 

Euthanasia and post-mortem 
All animals but one (a transmitter implanted C57BL/6 mouse of the MH group who died 
of unknown causes) survived until the end of the experiment. In week 23 of the 
experiment, between 09:00h and 12:00h, all animals were euthanased by decapitation and 
dissected for post mortem examination and analysis. Euthanasia and dissection were 
performed in a separate room to where the mice were housed. Each group of three animals 
housed together under EH conditions, or three individually housed mice under MH 
conditions, were transported to the room and immediately euthanased simultaneously by 
three animal technicians. The thymus was dissected and weighed for each mouse. The 
adrenal glands from each mouse were also dissected, individually stored in 5mM Tris-
HCl-buffer (pH7.2), shock-frozen in liquid nitrogen and stored at –70ºC for further 
analysis. In the adrenal glands, TH activity was measured using a tyrosine-14C-assay. In 
short, the adrenal glands were thawed, homogenised and incubated with tyrosine-14C. TH 
then synthesised the tyrosine into dopa which was, in turn, converted into dopamine. The 
remaining tyrosine-14C was then separated from the dopamine-14C by elution over a 
column with aluminium oxide and counted in a liquid scintillation counter. The converted 
tyrosine was a measure of the TH activity in the adrenal gland (modification of the method 
described by Witte & Matthaei 1980). 

Statistics
HR levels were compared at 0-9, 18-27, 36-45 and 54-63 minutes after IP injection. BT 
levels were compared as with the HR levels, but only after the restraint procedure (weeks 
15 and 22; Table 1), because, as expected, the injection of saline in the abdomen 
influenced the BT measurements.  

Each analysed time-point was the mean of three data acquisitions. This method was 
chosen in order to avoid missing values, which can occur when a mouse is very active and 
the position of the transmitter is out of range of the receiver. To correct for baseline 
differences, baseline values were subtracted from the subsequent post-procedure 
measurements. Statistical analysis was performed on the resulting data. However, as visual 
comparison of baseline and post-procedure values provides relevant information and a 
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better insight, data are presented as the actual (mean) values. Analysis was performed 
using a general linear model for repeated measures, with time as within-subject factor and 
strain and husbandry condition as between-subject factors; unless otherwise stated, data 
fulfilled the requirements for repeated measures.  

Thymus weight and TH concentration were analysed for all mice by univariate 
analysis of variance with strain, husbandry condition and treatment (transmitter + 
procedures, only procedures and control) as fixed between-subject factors. Dunnett post 
hoc tests (treating the only procedures animals as control) were performed where 
appropriate.

All analyses were performed using SPSS for Windows (version 10.1.0). Differences 
were considered statistically significant when P < 0.05. Data are expressed as mean values 
± standard error of the mean (SEM). 

Results

Body weight and food intake 
During the first four days after surgery, all implanted animals lost weight; however, body 
weight was back to pre-surgery levels at the end of the four-week recovery period 
(corrected for the weight of the transmitter; Figure 1). Food intake by the MH groups 
increased considerably in the weeks during individual housing (approximately 40% and 
approximately 60% increase in the C57BL/6 and BALB/c strains respectively), but the 
body weight gain was not proportional (Figure 1).  

Figure 1: Mean (±SEM) body weight of the transmitter + procedures mice, measured once weekly 
throughout the experiment. Transmitter implantations and individual housing of the MH groups have 
been indicated, for further specification of the weeks see table 1. 
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Heart rate and body temperature after intraperitoneal injection and restraint 
Mean baseline HR and BT levels during the morning period (11:00h-12:00h) on each 
Sunday of the study, with no one present in the animal room, showed an increase for the 
MH groups after the animals had been individually housed (see Figure 2 for C57BL/6 
strain; a comparable pattern over the weeks was found for the BALB/c strain). This is 
consistent with baseline levels prior to the procedures (with the experimenter present in the 
animal room, see Figures 3 and 4). 

Figure 2: Mean (± SEM) baseline levels of HR (panel A) and BT (panel B) of C57BL/6 mice (MH 
and EH groups) in the morning (11:00-12:00h) and evening (23:00-24:00h) on Sundays throughout 
the experiment. n = 7 per group, except for the C57BL/6 – MH group in weeks 21 and 22 (n = 6). 

In general, the HR of the mice increased during the first 10min, and BT during the 
first 20min after a procedure and returned to baseline levels during the following hour 
(Figures 3 and 4).  
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As the results of the separate weeks were found to be the same, the data from weeks 
12 and 14 and the data from weeks 17, 19 and 21 were pooled and analysed. Figure 3A 
shows the average HR results of weeks 12 and 14, the period before individual housing of 
the MH groups. After individual housing of these groups (see Figure 3B) HR recovery of 
both EH groups was relatively faster than that of the MH groups (time*husbandry effect: P 
< 0.001). Overall, HR levels of the MH groups were increased (husbandry effect: P = 
0.007); no strain effects were found. The response of HR to the restraint procedures in 
weeks 15 and 22 of the experiment was similar to that observed after IP injections in the 
other weeks (data not shown).

Figure 3: Mean (± SEM) HR results of morning sessions in weeks 12 and 14 (panel A; no 
significant differences) and in weeks 17, 19 and 21 (panel B; time*husbandry effect: P < 0.001; 
overall husbandry effect: P = 0.007). 

In week 15 (before individual housing of the MH groups), restraint revealed a 
significant interaction for time*husbandry on BT (P = 0.05; Figure 4A). In week 22 
(Figure 4B), the baseline BT of the MH groups was more than 1ºC higher than the EH 
groups. Analysis of the data of week 22 showed a faster increase of BT in the MH groups 
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(within the first 20min after restraint; time*husbandry effect: P = 0.007) and a longer time 
to reach maximum BT of the BALB/c–EH group (time*strain effect: P = 0.044). Although 
the results of this week did not fulfil all requirements for repeated measures, visual 
inspection of the data equally suggests the same interactions. No overall husbandry or 
strain effects were found in either period. 

Figure 4: Mean (± SEM) BT during morning sessions in week 15 (panel A; time*husbandry 
effect: P = 0.05) and in week 22 (panel B; time*husbandry effect: P = 0.007; time*strain effect: P 
= 0.044; not all requirements for repeated measures were fulfilled). 

Thymus weight and tyrosine hydroxylase (TH) activity 
Overall, thymus weight was lower in MH animals compared with EH animals (P = 0.034), 
as can be seen in Figure 5 (solid black lines). When comparing the impact of different 
treatments, an interaction between husbandry condition and treatment was found (P = 
0.001). Dunnett post-hoc test proved that the thymus weight of the transmitter + 
procedures animals was significantly lower in the EH groups (P = 0.015). Analysis of the  
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Figure 5: Mean (± SEM) thymus weight (n = 7 per group, except for C57BL/6 – MH where n = 6). 
Overall husbandry effect: P = 0.034; husbandry*treatment effect: P = 0.001 (see text for post hoc test 
results). 

thymus weight proportional to the body weight of the mice revealed no differences from 
the analysis of the absolute values. 

Overall TH activity was lower in the EH animals than in the MH animals (P < 
0.001; Figure 6, solid black lines). Furthermore, a significant interaction was found 
between strain and treatment (P < 0.001). Dunnett post hoc analysis showed that in the 
C57BL/6 strain, the transmitter + procedures animals had a lower TH activity compared 
with the other animals (P = 0.004), while in the BALB/c strain, the only procedures
animals had a lower TH activity compared with their cage mates (transmitter + 
procedures: P = 0.006; control: P = 0.007). 

Discussion

In this experiment, the effect of different husbandry conditions on the stress response 
following routine experimental procedures was studied in two inbred strains of mice. 
Different husbandry conditions resulted in increased baseline values of HR and BT during 
the light period after individual housing of the MH groups. This was true not only for the 
period just prior to the procedures (Figures 3B and 4B) but also during the weekend 
(Figure 2). This was in accordance with other published studies reporting elevated levels of 
basal HR in individually housed mice (Einstein et al. 2000, Späni et al. 2003). Notably, 
individual housing also elevated basal BT. It has been shown that female rats can maintain 
a stable BT when exposed to an ambient room temperature of <12-29.5 ºC (Yang & 
Gordon 1996); therefore, it is unlikely that ambient room or cage temperature levels in this 
study (with a much smaller temperature range) were the cause of the increased baseline 
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BT. If at all, housing conditions would have been more likely to reduce BT because the 
individually housed animals had no cage mates or nesting material to keep them warm. 
Therefore, the increased BT baseline values are more likely to be explained by the 
increased food intake that was found during individual housing of the MH groups, 
resulting in a rise in basal metabolism and, accordingly, a rise in basal BT. Several 
hypotheses exist for this phenomenon. For example, the increased food intake may have 
been the result of the increased body heat loss caused by individual housing or of boredom 
attributable to the impoverished environment without stimuli (compare with the increased 
sucrose intake in play-deprived juvenile rats, Van den Berg et al. 2000). Alternatively, a 
possible increase of catecholamines (adrenaline and nor-adrenaline) could have increased 
the metabolic rate. However, none of these hypotheses can be supported or rejected by the 
currently available data. The elevated baseline levels will however have to be taken into 
account when analysing the acute stress response after routine procedures. 

Figure 6: Mean (±SEM) TH activity in the adrenals (n = 7 per group, except for C57BL/6 – MH 
where n = 6). Overall husbandry effect: P < 0.001; strain*treatment effect: P < 0.001 (see text for 
post hoc test results). 

Heart rate and body temperature after intraperitoneal injection and restraint 

The first study to use radio-telemetry for cardiovascular measurements in mice showed a 
maximum HR of approximately 750-800bpm, which was found during restraint by hand 
and after cage change (Kramer et al. 1993). In the present study, all four groups reached 
approximately the same maximum HR after the routine experimental procedures, with only 
a slight increase of the MH groups compared with the EH groups (Figure 3). Therefore, the 
HR response was analysed over time and was found to change significantly following 
individual housing of the MH groups compared with the EH groups (Figure 3B). Although 
the HR recovery of both MH and EH groups took approximately 1h, HR recovery in the 



52         Chapter 3

MH groups was relatively slower. It is possible that after a stressful even HR recovery 
follows a general pattern, independent of basal levels, always recovering within 
approximately 1h. However, in rats moving cages during the resting period was found to 
cause a tachycardia that persisted for only 10min (Gärtner et al. 1980); and also other 
studies have shown that the duration of the response differs according to the procedure 
(Harkin et al. 2002, Sharp et al. 2002a, Sharp et al. 2003a). This suggests that the recovery 
of HR is influenced by the intensity of stress an animal perceives; therefore, the present 
findings indicate the need for further research, in which other variables, such as cage 
enrichment, are studied in more detail. 

Although based on the results of only two trials (weeks 15 and 22), the BT data 
suggest that it is the development of Stress Induced Hyperthermia (SIH; an increase in BT 
following a stressful event), rather than the recovery period, that might give an indication 
of the intensity of the stress response. The increase in BT found in the current study 
strongly resembles the results of other studies, which used a rectal probe to measure BT in 
mice (Zethof et al. 1994); although, in the current study, the maximum BT level in week 
22 of the current study occurred later: at 18-27min compared with 8min in the study by 
Borsini et al. (1989) and Van der Heyden et al. (1997). However, the use of a rectal probe 
requires the animal to be restrained for more than 20s, in addition to the insertion of the 
probe into the rectum to a length of 2cm. This procedure can be considered more invasive 
than the handling procedure used in the current study and may explain the faster increase 
in BT. If the development of SIH is positively correlated with the amount of stress 
perceived by an animal, this would suggest that, in the current experiment, the animals in 
the MH groups were experiencing more stress following individual housing than the 
animals in the EH groups that remained socially housed, because the development of SIH 
was significantly slower in the EH group (Figure 4B).  

Only in week 22 was a significant interaction found for time*strain, and no overall 
effects of strain were found for HR or BT in any week; therefore, it should be concluded 
that the acute stress of the routine procedures was perceived equally by the two strains, 
despite their known differences in emotionality. However, it is also possible that HR and 
BT were not sufficiently sensitive to measure the influence of strain characteristics on the 
stress response in this study.  

Thymus weight and tyrosine hydroxylase activity 
Thymus weight and TH activity are both known indicators of long-term stress. Under the 
influence of stress, atrophy of thymus cells (which is a normal physiological process 
initiated by circulating sex steroids at the onset of sexual maturity) occurs more rapidly 
than usual (Manser 1992), resulting in a more pronounced reduction in thymus weight. In 
the present study it was therefore expected to find an overall lower thymus weight in the 
MH groups, which indeed was the case. However, an interaction between husbandry and 
treatment was also found:  thymus weights under EH conditions were relatively lower in 
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the transmitter + procedures animals, whereas under MH conditions transmitter + 
procedures animals showed higher thymus weights than their cage mates (Figure 5). The 
fact that thymus weight can only be measured after euthanasia means that possible effects 
of the (repeated) acute stress of the routine procedures cannot be determined, nor can the 
effects of transmitter implantation and its possible interaction with husbandry conditions, 
which might have significantly affected the immune system and therefore thymus weight. 

The same problem arose when assessing TH activity, which could also only be 
measured once in the adrenal glands after euthanasia. In contrast to thymus weight, TH 
levels were expected to be higher in the MH groups. TH is an enzyme involved in the 
synthesis of (nor-) adrenaline in the adrenal medulla, reflecting long-term activity of the 
adrenal glands, provoked by an increased activity of the HPA-axis which can be the result 
of chronic stress (Manser 1992). Indeed, overall TH activity proved to be highest in the 
MH groups, indicating that these animals may have experienced long-term stress caused 
by their husbandry conditions. However, the different effects of treatment found for the 
two strains were not expected and cannot be explained with the current information. 
Further studies on TH activity and thymus weight will be needed in order to explore the 
exact effect of implanted radio-telemetry transmitters, husbandry conditions and routine 
procedures on these stress parameters in mice. 

Conclusions

In this study, individual housing under MH conditions was found to have a considerable 
impact on several physiological parameters. Baseline values of HR, BT, thymus weight 
and TH activity were significantly influenced, and routine experimental procedures were 
found to influence the acute stress response as measured by radio-telemetry. We 
hypothesize that individual housing under MH conditions changes the animals’ ability to 
cope, which might lead to an imbalance of physiological systems, and a possible loss of 
homeostasis. At which moment the normal adaptive process becomes maladaptive and if 
this is further influenced by the repeated acute stress of routine procedures remains to be 
answered. Further research including environment, frequency of procedures and genetic 
background is therefore required. 

Animal welfare implications 
The present study has shown physiological effects caused by routine experimental 
procedures in mice housed under different conditions. Therefore, experimenters should 
realize that husbandry conditions can have a considerable effect on test results obtained 
after relatively simple routine procedures such as handling or injections, and this should be 
taken into account when designing experiments. 
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Summary

In this study we investigated the effect of environmental enrichment and handling on the 
acute physiological stress response caused by short periods of restraint in individually 
housed female mice. Heart rate (HR) and body temperature (BT) were measured by radio-
telemetry and compared to plasma corticosterone (pCORT) levels. Also, post-mortem 
thymus weight and tyrosine hydroxylase activity were assessed. The acute stress response 
was seen in both HR and BT. Enrichment and handling were found to increase rather than 
decrease this stress response, but pCORT values, measured 90min after restraint, suggested 
a lower stress response in the enriched groups. No effect was found with thymus weight or 
tyrosine hydroxylase as parameters.  
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Introduction

Routine procedures in laboratory animals such as handling, restraint, injections or blood 
sampling, are known to cause an acute stress response which can be assessed by measuring 
different parameters such as stress hormones (Gärtner et al. 1980, Tuli et al. 1995a, Tuli et
al. 1995b), heart rate (HR), body temperature (BT), mean arterial blood pressure (MAP) 
(Clement et al. 1989, Kramer et al. 1993, Duke et al. 2001, Harkin et al. 2002) or 
behaviour (Izumi et al. 1997). Acute and temporary changes of these parameters are 
considered to be part of the animals’ normal adaptive response and are as such an accurate 
coping strategy to maintain homeostasis. Nevertheless, even responses within the normal 
adaptive range are likely to influence experimental results and have to be considered when 
designing experiments.  

How much impact a routine procedure will have on the acute stress response of an 
animal will not only depend on the nature of the procedure, but also on a variety of other 
factors such as genetic background (Van Bogaert et al. 2006), previous experience 
(Natelson et al. 1988, Pitman et al. 1988) or environmental conditions (Brown & Grunberg 
1995, Dahlborn et al. 1996, Einstein et al. 2000, D'Arbe et al. 2002). In both male and 
female rats, cage size and group size have been found to influence the acute response of 
HR and MAP after a single routine procedure (Sharp et al. 2002a, Sharp et al. 2003a, 
Sharp et al. 2003c). In a previous study with mice, we found that individual housing under 
‘minimal’ husbandry conditions (no cage enrichment and minor handling) resulted in a 
relative slower recovery of HR and BT after intraperitoneal (IP) injections and restraint 
compared to socially housed mice provided with enrichment in the cage and daily handling 
(Meijer et al. 2006a). However, for experimental reasons the different environmental 
factors (social partners, enrichment and handling) had been integrated and, taken together, 
considered as one overall variable. In the current follow-up study, we focussed on the 
effects of cage enrichment and (habituation to) handling regime as separate variables in 
individually housed female mice after short periods of restraint. Like in the previous study, 
the mice were initially socially housed, followed by individual housing. Although 
individual housing is in general not a standard housing condition in female mice, it is well 
accepted when social interaction has to be avoided (e.g. after surgery, instrumentation or in 
metabolic studies) or when during an experiment cage mates are removed or die. 
Environmental enrichment such as nesting material or shelters give mice the opportunity to 
perform species-specific behaviour like nest building and hiding, resulting in an increased 
controllability of the environment which reduces stress (Wiepkema & Koolhaas 1993). 
Therefore environmental enrichment is in general considered to contribute to the animals’ 
welfare. The effect of habituation to handling is less clear in mice, but with the increasing 
use of individually ventilated cage systems - requiring less frequent cage cleaning and thus 
less routine handling - it is a factor to take into account. Dewsbury has reviewed a number 
of studies investigating the effect of handling and gentling on rats, and although the results 
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were not always consistent, he concludes that ‘contact with humans can be either 
rewarding or punishing for a rodent depending on its past experience and the kind of 
stimulation used’ (Dewsbury 1992). Hirsjärvi et al. have demonstrated that gentling could 
be an effective way of reducing the fear of human contact in rats (Hirsjärvi et al. 1990, 
Hirsjärvi & Väliaho 1995a, Hirsjärvi & Väliaho 1995b). However, more recently the 
effects of routine handling on both rats and mice were reviewed (Balcombe et al. 2004) 
and results indicated that mice did not readily habituate to routine handling (e.g. Clement 
et al. 1989, Kramer et al. 2004). Therefore, the possibility that mice could perceive 
repeated handling and gentling as a repeated mild stressor should also be considered.  

To measure the acute stress response, HR and BT were assessed by means of radio-
telemetry and compared to plasma corticosterone (pCORT) levels. Possible long-term 
effects of husbandry conditions and/or the procedures were examined post-mortem by 
measuring thymus weight and tyrosine hydroxylase (TH) activity. Thymus weight is 
known to decrease under the influence of stress, caused by increased apoptosis of thymus 
cells, whereas TH activity is known to rise under these conditions, reflecting an increased 
activity of the hypothalamic-pituitary-adrenal (HPA) axis (Manser 1992). 
 
Materials and Methods 
 
Eighty-four female mice of the C57BL/6Jico inbred strain (Charles River, Maastricht, The 
Netherlands) arrived at the facility at the age of 3 weeks. The C57BL/6 strain is commonly 
used, e.g. very often as the background strain for transgenic mouse models. The mice were 
housed in a conventional animal room (temperature 18-24ºC) with a 12/12h light/dark 
cycle (lights on: 07:00h, light intensity at shelf level about 100 lux, during lights off: 2 
lux). A radio was on during the light phase. The animals were provided with food pellets 
(CRM-E, SDS, Witham Essex, UK) and tap water ad libitum. 

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 
 
Husbandry conditions 
At the day of arrival, the mice were randomly assigned over 28 cages (elongated 
Macrolon® type II [floor area 530cm2] with wire tops; Tecniplast, Milan, Italy), housing 
three animals of the same strain per cage. Two of these three mice were marked by 
clipping either left or right ear, they served as cage-mates and were not subjected to any 
experimental procedures. The mice were divided over four experimental groups: Minimal-
Non Handling (M-NH), Minimal-Handling (M-H), Enriched-Non Handling (E-NH) and 
Enriched-Handling (E-H). Cages were randomly placed on the shelves. The animals of the 
minimal groups (M-NH and M-H) were housed on aspen chips bedding (Abedd®, Köflach, 
Austria) without cage enrichment. Under enriched conditions (the E-NH and E-H groups), 
the cages were provided with aspen chips bedding and additionally with cage enrichment, 
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consisting of a Shepherd Shack (paper based mini-mouse house, 15x9x6cm; Shepherd 
Specialty Papers, Kalamazoo, MI, USA), two Kleenex® tissues (Kimberly Clark, Ede, The 
Netherlands), ~15g of EnviroDry® (folded paper strips, BMI, Helmond, The Netherlands), 
an opaque grey PVC tube (15cm long, 5cm wide) and two chew sticks (aspen wood, 1x1x5 
cm, Finn Tapvei, Finland). The mice of the non-handling groups (M-NH and E-NH) were 
handled only when necessary (eg during cage cleaning), whereas those of the handling 
groups (M-H and E-H) were handled and gentled each weekday for 30-60s (as suggested 
by Hirsjärvi & Väliaho 1995b), on variable time-points and in randomised order, but 
always by the same person (author RS). The procedure consisted of lifting the mice out of 
their cage by the base of the tail and placing them on the arm, which the experimenter kept 
close to his body. If the mouse did allow, it was softly stroked over the head and back. The 
mouse was allowed to move around over the arm, but its tail base was held at all times. 

In week 10 of the experiment (see Table 1 for a time-line), after implantation of the 
radio-telemetry transmitters (see below), the experimental mice (one per cage, randomly 
chosen at the beginning of the experiment) were individually housed. Enrichment and 
handling regime for the different groups remained the same as described above. The cage 
mates were from this point excluded from the experiment. 
 
Table 1: Time-line of the experiment 

Week  

1-7 Habituation, handling of M-H and E-H groups 

8 Transmitter-implantations 

10 Individual housing 

11 Blood collection for baseline pCORT assessment 

12-14 Experimental restraint procedures + blood collection 

15 Euthanasia and post mortem 

 
Transmitter implantation and post-operative care 
Eight weeks after the start of the experiment (see Table 1), at the age of eleven weeks 
(mean body weight M-NH: 21.4 ± 0.4g; M-H: 22 ± 0.2g; E-NH: 22 ± 0.3g; E-H: 22.7 ± 
0.5g; see Figure 1), the 28 experimental mice (one mouse per cage) were implanted with 
radio-telemetry transmitters (TA10ETA-F20, DataSciences International, St.Paul, MN, 
USA). In week 9, five days after transmitter implantation, one mouse died of a colitis. The 
next day another mouse, housed and raised following the same protocol as the deceased 
mouse, was successfully operated.  
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About 20min before surgery, the mice received a subcutaneous (SC) injection with 
an antibiotic (enrofloxacin, 0.03 mg/kg in a 1:1 dilution with sterile saline; Baytril® 2.5%, 
Bayer BV, Mijdrecht, The Netherlands). The mice were anaesthetized using Isoflurane 
(Isoflo®, Schering-Plough, Maarssen, The Netherlands), N2O and O2 (induction: Isoflurane 
5%, N2O:O2 1:1, 2L; maintenance: Isoflurane 1.4-1.6%, N2O:O2 1:1, 0.5-0.8L) and the 
eyes were protected from the airflow with eye ointment (Ophtosan vitamin A ointment, 
AST Farma B.V, Oudewater, The Netherlands). The implantation procedure, which has 
been described in detail elsewhere (Kramer et al. 1993), was slightly modified. In short, 
the abdomen was opened and the transmitter was placed in the peritoneal cavity with the leads 
placed subcutaneously at the right shoulder (negative lead) and the left lower chest (positive 
lead). The transmitter was sutured to the muscle layer (with non-absorbable Perma-hand Silk® 5-
0; Johnson & Johnson International, Brussels, Belgium) after which the muscle layer and skin 
were closed (with absorbable Vicryl® 4-0; Johnson & Johnson International, Brussels, Belgium). 
Before closure, the peritoneal cavity was filled with warm, sterile saline (0.9%, Braun 
Melsungen AG, Melsungen, Germany). The surgical procedure took on average 30min. 
Afterwards, the mice were placed in an incubator (32 C) for about 1h and then returned to a 
clean home cage that was partially placed on a heating pad for at least 24h. The abdomens of the 
non-operated cage mates were swabbed with a gauze with 70% alcohol, in order to provide a 
comparable novel odour as the implanted animal. Besides normal food and water, Solid Drink®

(Triple A Trading, Tiel, the Netherlands), and food pellets moistened with 3% glucose solution 
were additionally provided for four days. For post-operative analgesia, the mice were 
administered carprofen (5 mg/kg SC) twice daily for three days after surgery (Rimadyl®, Pfizer 
Animal Health, Capelle aan den IJssel, The Netherlands; 50mg/ml diluted 100x with sterile 
saline thus providing additional fluid at the same time) and Baytril was administered once daily 
for four days after surgery in order to prevent infections. The mice were allowed two weeks to 
recover before they were individually housed in week 10.  

Throughout the experiment, HR and BT data were collected every 3 minutes, 24 hours 
a day. Transmitter-signals were sent to a PC and saved to disk. Data acquisition was 
performed using DataQuest A.R.T. (DSI, St. Paul, MN, USA). 

Routine experimental procedures 
Cages were cleaned on Mondays, at which time the animals were also weighed. In week 
11, on Wednesday (14 mice) and Thursday (14 mice) starting at 10:30h, blood samples 
were collected for basal pCORT assessment (method described below). Experimental 
restraint procedures were performed in weeks 12-14, on Wednesdays (10 mice), Thursdays 
(10 mice) and Fridays (8 mice), once per week for each mouse, so with a total of three 
times per mouse. It was chosen to perform the procedures during the light period, as this is 
common practice in the majority of animal facilities.  

The experimental procedures in weeks 12-14 started at 9:00h. The restraint 
procedure consisted of lifting the mouse by the tail base and placing it on the cage lid. It 
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was then restrained by holding the scruff and the base of the tail. The head was tilted 
downwards and the abdomen was gently palpated. The whole procedure took about ten 
seconds. Afterwards, the mouse was returned to its home cage and HR and BT data were 
collected. The experimenter then left the animal room, not to return until 10:30h.  

At 10:30h, blood was collected by means of a tail incision, a method that is fast, 
does not require the mouse to be restrained more than being held by the base of the tail and 
does not cause severe stress or lasting harm (Dürschlag et al. 1996). Thereto, the mouse 
was taken from its cage again and placed on the lid of another, empty cage, its head and 
body covered with a tissue. With an extra sharp razor blade (GEM® Scientific, American 
Safety Razor Co., Staunton VA, USA) a perpendicular incision was made at the ventral 
side of the tail, initially about 1.5cm away from the base, the subsequent times more 
proximal. Drops of blood were collected in a Microvette® CB 100/200 capillary collection 
tube coated with EDTA (Sarstedt, Nümbrecht, Germany) until a volume of about 150 l.
When finished, a gauze was placed on the incision and gentle pressure was applied for a 
moment before the mouse was returned to the home cage. The blood samples were 
centrifuged at 13,000rpm for 15min by a temperature of 4ºC. Plasma was stored at –20ºC. 
pCORT levels were measured using a solid-phase 125I radio-immunoassay (CAC® Rat 
Corticosterone TKRC1, Diagnostic Products Corporation, Los Angeles, USA). 

Restraint procedures took place in the room where the animals were housed, blood 
sampling took place in a room adjacent to the animal room. All procedures were 
performed by the same experimenter who also handled and gentled the handling groups on 
a daily basis. Baseline levels of HR and BT were assessed during the 15-20min period 
before the procedures started, after the experimenter had entered the animal room. HR and 
BT were also assessed on Sundays (weeks 10-14) from 11:00-12:00h and from 23:00-
24:00h, to compare baseline levels when no one was present in the room. 

Euthanasia and post mortem 
In week 15 of the experiment, between 9:00 and 12:00h, the mice were euthanased by 
decapitation and dissected for post-mortem examination and analysis. The procedures were 
performed in the room adjacent to the animal room. Thymuses were dissected and 
weighed. Adrenal glands were dissected, individually stored in 5mM Tris-HCl-buffer 
(pH7.2), shock-frozen in liquid nitrogen and stored at –70ºC for further analysis. In the 
adrenals, tyrosine hydroxylase (TH) activity was measured using a tyrosine-14C-assay. In 
short, the adrenal glands are thawed, homogenised and incubated with tyrosine-14C. TH 
then synthesises the tyrosine into dopa which in turn is converted into dopamine. The 
remaining tyrosine-14C is then separated from the dopamine-14C by elution over a column 
with aluminium-oxide and counted in a liquid scintillation counter. The converted tyrosine 
is a measure of the TH activity and is expressed in nMol/h/adrenal (modification of the 
method described by Witte & Matthaei 1980). 
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Figure 1: Mean (  SEM) BW of mice, measured weekly starting from week 2 of the experiment. 
Transmitter implantations and individual housing are indicated. During weeks 2-7: overall effect of 
enrichment: P = 0.009, enrichment*handling effect: P = 0.014. During weeks 10-15: time*handling 
effect: P = 0.015; time*enrichment*handling effect: P < 0.001). 

Statistics
Body weight (BW) was tested for weeks 3-8 (before transmitter implantation; week 2 was 
omitted because of a maximum number of six weeks for statistical analysis) and weeks 10-
15 (after transmitter implantation) with a general linear model for repeated measures, with 
time as within-subject factor and enrichment (M or E) and handling regime (H or NH) as 
between-subject factors.  

HR and BT levels were compared at 0-9, 18-27, 36-45 and 54-63 minutes after the 
restraint procedure. Each analysed time-point was the mean of three data acquisitions. This 
method was chosen in order to avoid missing values (which can occur when a mouse is 
very active and the position of the transmitter is out of range of the receiver). To correct 
for baseline differences, baseline values were subtracted from the subsequent post-
procedure measurements. Statistical analysis was performed on the resulting data. 
However, as visual comparison of baseline and post-procedure values provides relevant 
information and better insight, the actual (mean) values are presented in the graphs; with 
supplementary graphs inserted showing the corrected values. Analysis was performed 
using a general linear model for repeated measures, with time as within-subject factor and 
enrichment and handling regime as between-subject factors. Baseline values are evaluated 
by descriptive statistics. 

Baseline pCORT values, thymus weight and TH concentration were analysed by 
univariate analysis of variance with enrichment and handling regime as fixed between-
subject factors. pCORT values of blood collected 90min after the restraint procedures were 
tested with a general linear model for repeated measures, with pCORT values of weeks 12-
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14 as within-subject factor and enrichment and handling regime as between-subject 
factors.

All analyses were performed using SPSS for Windows, release 10.1.0. Differences 
were considered statistically significant when P < 0.05.  Data are expressed as mean values 
± SEM. 

Figure 2: Mean (  SEM) baseline heart rate (panel A) and body temperature (panel B) on Sunday 
mornings between 11:00-12:00h with no-one present in the animal room. 

Results

Body weight 
In the weeks before transmitter implantation, BW was higher in the enrichment groups 
compared to the minimal groups (overall effect of enrichment: P = 0.009) but was clearly 
the highest in the E-H group (enrichment*handling effect: P = 0.014). During the first four 
days after surgery, all animals lost weight. BW gain was back to pre-surgery levels around 
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two weeks after surgery (corrected for the weight of the transmitter; Figure 1). During 
weeks 10-15 no overall effects of enrichment or handling were found. However, there was 
a time*handling effect (P = 0.015) as well as a three-way interaction of 
time*enrichment*handling (P < 0.001), pointing at a different rate of BW gain within the 
four groups.  

Figure 3: Mean (  SEM) heart rate of mice after restraint by hand during weeks 12-14, insert 
shows data corrected for baseline. Overall effect of enrichment: P = 0.05.  

HR and BT after restraint 
Mean baseline HR levels during the morning period (11:00-12:00h, Figure 2A) on 
Sundays (with no-one present in the animal room) showed higher levels for the minimal
groups (around 600bpm) compared to the enrichment groups (500-550bpm). This is 
consistent with baseline levels prior to the procedures (with the experimenter present in the 
animal room; Figure 3). BT was usually somewhat lower on Sunday mornings compared 
to the baseline level prior to the procedures (compare Figure 2B to Figure 4, baseline 
values about equal for the four groups). Mean baseline levels of HR and BT during the 
evening showed no differences between the groups (data not shown). 

In general, the HR and BT of the mice increased during the first ten (HR) to twenty 
(BT) minutes after a procedure and recovered to baseline levels during the following hour 
(Figures 3 and 4). As statistical analysis revealed that the results of the separate weeks 
were equal, the results of weeks 12-14 were pooled and analysed as such.  

HR showed an overall effect of enrichment (P = 0.05; Figure 3) which was mainly 
caused by the difference in baseline for which the post-procedure data were corrected. No 
interaction with time was found, suggesting no difference in HR recovery between the 
groups. In contrast, a strong interaction of time*enrichment was found for BT (P < 0.001) 
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as well as a time*handling effect (P = 0.031; Figure 4). Also, BT showed an overall effect 
of both enrichment (P < 0.001) and handling (P = 0.021), the enriched groups showing a 
higher BT than the minimal groups and non handling in general resulting in a higher BT 
than handling.

Figure 4: Mean (  SEM) body temperature of mice after restraint by hand during weeks 12-14, insert 
shows data corrected for baseline. Overall effect of enrichment: P < 0.001 and handling: P = 0.021; 
time*enrichment effect: P < 0.001; time*handling effect: P = 0.031. 

Plasma corticosterone, thymus weight and tyrosine hydroxylase activity 
No significant differences for baseline pCORT could be detected between the four groups 
(Figure 5). However, in weeks 12-14, 90min after the restraint procedures, when pCORT 
values were returning to baseline, an overall trend was found suggesting a lower pCORT 
value for the enrichment groups compared to the minimal groups (P = 0.066). Thymus 
weight and TH activity (Table 2) showed no differences between the groups. 

Discussion

In this study, we compared the effects of cage enrichment and handling regime on HR and 
BT in individually housed female mice after short periods of restraint. Individual housing 
without cage enrichment resulted in increased baseline values of HR during the light 
period. This was not only the case for the period just prior to the procedures (Figure 3) but 
also during the weekend (Figure 2). This is in accordance to the elevated basal HR in the 
individually housed mice in our previous study (Meijer et al. 2006a), as well to 
individually housed male mice provided with or without enrichment in other studies 
(Einstein et al. 2000, Späni et al. 2003). In contrast to the study of Späni et al. (2003), our 
results did not show a baseline HR increase in the enriched groups, which might be the 
result of gender or the type of enrichment that was used (only nesting material in the study  
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Figure 5: Mean (  SEM) pCORT values of mice measured in blood collected 90min after restraint 
by hand (weeks 12-14). Baseline values were assessed in week 11. Overall effect of enrichment 
during weeks 12-14: P = 0.066 (trend). 

with male mice by Späni et al. vs. both nesting material and shelter with female mice in 
our study). Unlike the results of our preceding study, current results did not show an 
increased baseline BT during the light period. 

In our previous study, individually housed mice not provided with cage-enrichment 
and handled only when necessary were found to show a relative slower recovery to 
baseline HR compared to their socially and enriched housed conspecifics who were 
frequently handled (Meijer et al. 2006a). The current study did not reveal any differences 
between the four groups in recovery time for HR, although baseline correction resulted in 
an overall higher HR after the restraint procedure for the enriched groups (see insert of 
Figure 3). 

Table 2: Thymus weight and tyrosine hydroxylase activity 

Group Thymus weight (mg) Tyrosine hydroxylase activity (nMol/h/adrenal) 

M-NH 41.8  2.0 2.9  0.2 

E-NH 47.2  2.4 2.6  0.3 

M-H 45.9  0.7 3.1  0.3 

E-H 45.1  1.6 3.5  0.3 

M-NH = minimal housing conditions, no handling; E-NH = enriched housing conditions, no handling;  
M-H = minimal housing conditions, frequent handling; E-H = enriched housing conditions, frequent handling. 
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In another study (Meijer et al. 2006c) HR was found to show an overall increase in 
mice subjected to restraint procedures with increasing stressor-intensity and it was 
concluded that HR was a potential useful parameter for quantifying the effect of an acute 
stressor. However, as no differences of baseline were expected nor existed between the 
groups, data in that study did not need to be corrected for baseline. Considering the results 
of the current study, it is possible that the reliability of HR as a parameter of acute stress 
decreases if baseline differences exist. However, the other option, stress of restraint being 
perceived more intensely by the enriched groups, should not be excluded. This should also 
be kept in mind when evaluating BT results. Contrary to HR, the results of BT showed 
significant effects of enrichment and handling regime over time, the minimal groups 
reaching a maximum BT at the 0-9min interval and the enriched groups showing the 
maximum at 18-27 min. As baseline values could be expected to differ between the groups 
like in the case of HR, it was decided to correct for it even though no significant 
differences were detected. Like the results of HR, but contrary to previous findings (Meijer 
et al. 2006a, Meijer et al. 2006c), BT showed an overall effect of enrichment, the enriched
groups showing an increased BT throughout the recovery period as well as a handling 
effect, with an overall increased BT in the non handled groups. Handling also had an effect 
on recovery time. Previous results of BT had given rise to the conclusion that BT was 
likely to be a less informative parameter for quantifying an acute stress response (Meijer et
al. 2006b), however in the current study the effect of enrichment on BT after the restraint 
procedure is clearly visible and highly significant. Thus the question rises if this increased 
BT and HR in the enriched groups were actually the result of increased acute stress in 
these mice compared to the minimal groups. Cage enrichment is generally accepted to be 
an important factor in improving laboratory animal welfare (Baumans 2005, Reinhardt 
2005). However, personal observations during the current experiment gave rise to the idea 
that the enriched groups were more disturbed than the mice of the minimal groups each 
time they were handled or restrained. Removing the animals from their shelter and hiding 
place to carry out experimental procedures might be more disturbing than in the case when 
no shelter is present. On the other hand, higher HR baseline levels, even on Sunday 
mornings, in the minimal groups suggest a more chronic stress effect due to lack off 
enrichment items in the cage. The effects of environmental enrichment might therefore be 
different in case of acute stress situations compared to more chronic conditions.  

pCORT values were assessed in blood that was collected 90min after the restraint 
procedures. In a previous study, pCORT showed a gradual increase with increasing 
stressor-intensity of different types of restraint, both shortly after the procedures (10min) 
as well as after 90min, when the values were returning to baseline (Meijer et al. 2006c). In 
the current study pCORT values were lower in the enrichment groups compared to the 
minimal groups in weeks 12-14 (Figure 5), but a rather high variation of the data within the 
groups resulted in insufficient power to reach statistical significance. The trend in 
enrichment-effect is in line with findings of others (c.f. Barnard et al. 1997, Roy et al.
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2001, Van Loo et al. 2004) although it should be noted that these studies all involved male 
mice and that the effects of intermale aggression might have influenced the results 
(Haemisch & Gartner 1994). The fact that our mice were females and individually housed, 
which for females most likely by itself influences CORT values (Brown & Grunberg 1995, 
rats), might have led to weaker effects.  

Thymus weight and TH activity are both known parameters of long-term stress. 
Under the influence of stress, atrophy of thymus cells (which is a normal physiological 
process initiated by circulating sex steroids at the onset of sexual maturity) develops more 
rapidly than usual, resulting in a more pronounced reduction of thymus weight 
(Dominguez-Gerpe & Rey-Mendez 2003). In contrast to thymus weight, TH activity levels 
increase under the influence of stress. TH is an enzyme involved in the synthesis of (nor) 
adrenaline in the adrenal medulla, reflecting long-term activity of the adrenals, provoked 
by an increased activity of the HPA-axis which can be the result of chronic stress (Manser 
1992). In our previous study, significant effects of husbandry conditions were found, 
indicating chronic stress in the minimal groups (Meijer et al. 2006a). The current study 
however did not reveal any significant differences or trends between the groups (Table 2). 
Possibly, the period of individual housing in the previous experiment (eight weeks), which 
was longer than in the current experiment (five weeks), may have contributed to a more 
chronic stress state. Furthermore, individual housing alone has such an impact on the 
animal that any other condition (i.e. enrichment or handling regime) may not further affect 
thymus involution or TH activity (cf. impact of individual housing and environmental 
enrichment on behaviour and brain neurotrophins in mice, Pham et al. 2005, Zhu et al.
2006). Although some effects of the different conditions on BW gain were found (Figure 
1), they appear not to be clear enough to support this hypothesis.  

In conclusion, the current results show that the acute stress of routine experimental 
procedures can be measured in HR and BT responses, as had been found in the previous 
studies. However, when comparing the outcome of the different studies, it seems that the 
effects of acute stress on both parameters are context dependent. Therefore, the parameters 
might be useful to compare groups within one experiment, but some caution is needed 
when making comparisons between experiments. 

HR and BT results in the current study suggest that environmental enrichment and 
handling increase rather than reduce the acute stress response in individually housed 
female mice. As it is generally accepted that environmental enrichment reduces chronic 
stress, and as pCORT values in the current study seemed to support this theory, more 
research is needed to further investigate this opposite effect enrichment may have on the 
acute stress response. Adding more detailed and objective behavioural observations to the 
experimental set-up is advisable, as the personal observations in the current study indicated 
that the behaviour of the mice during the experimental procedures was influenced by their 
housing conditions. 
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Summary

As part of the daily routine, laboratory animals are frequently subjected to procedures that 
might cause acute stress responses. As animals in general are able to cope better with 
predicted than with unpredicted stressors, the aim of the present experiment was to 
investigate whether or not announcing the stressor (classical conditioning) can be used as a 
mean to attenuate the adverse effects of routine procedures in the mouse. Thereto, female 
C57BL/6 mice were repeatedly subjected to a restraint procedure that was preceded by a 
cue and/or followed by a reward. Heart rate (HR) and body temperature (BT) were used as 
indicators of the stress response. These parameters were measured telemetrically prior to 
and following each trial. Results indicated that providing a cue prior to the procedure in 
combination with a reward afterwards initially seemed to reduce the acute stress response. 
Although this effect was found to fade out after a few days, the initial effect was 
substantial and deserves additional research. 
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Introduction

In each animal facility, laboratory animals undergo routine procedures such as handling, 
cage cleaning, transport and a broad range of more specific experimental procedures like 
injections or blood sampling which in general are known to cause acute physiological 
stress reactions (e.g. Tuli et al. 1995b, Harkin et al. 2002, Sharp et al. 2003c). Meanwhile, 
animals also perceive sensory stimuli from daily activities in the animal room such as the 
smell and sight of personnel and sounds of radio, equipment, doors opening and people 
talking. Animals might be able to relate some of these sensory stimuli to the procedures 
they are subjected to. These sensory stimuli could thus potentially become predicting cues 
for upcoming procedures. However, these cues are generally not standardized and not 
systematically provided prior to routine procedures. Yet research on predicted vs. 
unpredicted stressors like electrical shocks has shown that animals can cope better with 
predicted stressors than with unpredicted ones, which has mainly been demonstrated in 
behavioural studies (Orsini et al. 2002). In experiments using physiological parameters, 
results are less consistent or even contradictory, but also indicate that predicted stress is 
less stressful than unpredicted stress (Abbott et al. 1984, Arthur 1986). However, it is 
generally agreed now that predictability and controllability of the environment can 
decrease the amount of stress perceived by the animal (Wiepkema & Koolhaas 1993). 

Based on the results of the conditioned stress experiments, it was hypothesized that 
also in daily routine situations laboratory animals might be able to cope better with 
predicted stressors than with unpredicted ones. A previous study at our department showed 
that conditioning mice with an acoustic cue prior to entering the animal room and handling 
the animals reduced the telemetrically measured heart rate (HR) and body temperature 
(BT) response caused by the procedure (Kramer et al. 2004). In the current study, this 
phenomenon was further investigated. In addition, we investigated the hypothesis that the 
physiological stress response could be reduced or shortened if the predicted stressor would 
be followed by an appetitive stimulus, a food reward, as it is known that the activation of 
reward systems counteracts stress (Spruijt et al. 2001, Van der Harst et al. 2005). In rats as 
well as pigs it has been shown that announced reward has additional impact in comparison 
with reward alone (Van der Harst et al. 2006, Dudink et al. 2006). Furthermore, acute 
stress has been found to enhance reward sensitivity (Bertiere et al. 1984) 

Three groups of mice were subjected to repeated trials of restraint by hand, a routine 
procedure which is common, quick and known to cause an acute stress response (e.g. 
Meijer et al. 2006c). One group was subjected to the restraint procedure without a 
preceding cue, a second group without a preceding cue but with a small food reward after 
the restraint procedure and a third group with both a preceding cue as well as a food 
reward. The groups were compared for differences in HR and BT recovery following a 
method that has been used previously (Meijer et al. 2006a, Meijer et al. 2006b, Meijer et
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al. 2006c). In addition, baseline levels of general activity (AC) were assessed during the 
weekends and related to basal HR and BT measurements. 

Animals, Materials and Methods 

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 
Twenty-seven female C57BL/6JIco mice (Charles River, Maastricht, The Netherlands) 
arrived at the facility at the age of about ten weeks (body weight 19.8  0.2g). The mice 
were housed in a conventional animal room (temperature 18-24ºC) with a 12/12h 
light/dark cycle. During the first period of the experiment, there was a normal day/night 
cycle with lights on at 7:00h (light intensity at shelf level ~100 lux, during lights off ~2 
lux). In week 5 the day/night cycle was reversed, lights on starting at 19:00h, using a light 
intensity of 2-5 lux at shelf level during lights off in order to provide enough light for 
working. A radio was on from 7:00-19:00h.

Table 1: Time-line of the experiment 

At the day of arrival, the 27 mice were randomly assigned over 9 cages (elongated 
Macrolon® type II [floor area 530cm2] with wire top, Tecniplast, Milan, Italy), housing 
three animals per cage. The cages were provided with bedding (Lignocel® ¾, 
Rettenmaier&Sohne, Ellwangen-Holzmühle, Germany) and were cleaned once a week. 
Cage enrichment was not provided because in a previous study it was found that individual 
housing without cage enrichment in mice caused a relative slower recovery of HR and BT 
after intraperitoneal injections or restraint (Meijer et al. 2006a). In the current conditioning 
paradigm the largest effect was therefore expected to be found with housing conditions 
comparable to the previous study. Food pellets (CRM-E, SDS, Witham Essex, UK) and tap 
water were provided ad libitum. The mice were weighed once a week. A time-line of the 
experiment is given in Table 1. 

Week 

1-2 Habituation 

3 Transmitter-implantations 

5 Reversal of day/night cycle 

10 Individual housing 

11 Training period 1: Monday - Friday  

12 Training period 2: Monday - Friday 

13 Training period 2 continued until Wednesday 
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Transmitter implantation and post-operational care 
Two weeks after the mice had arrived at the facility (at a mean body weight of  19.8 
0.2g) they were implanted with a radio-telemetry transmitter (TA10ETA-F20, 
DataSciences International, St.Paul, MN, USA). The implantation procedure and post 
operative care have been described in detail elsewhere (Meijer et al. 2006c). 

Throughout the experiment, HR, BT and AC data were collected every 3 minutes, 24 
hours a day. Transmitter-signals were sent to a PC and saved to disk. Data acquisition and 
analysis were performed using DataQuest A.R.T. (DSI, St. Paul, MN, USA). 

Experimental procedure 
Seven weeks after transmitter implantation, the mice were individually housed and 
distributed over three groups: Restraint alone (R), Restraint + Reward (RR) and Cue + 
Restraint + Reward (CRR). The experimental protocol followed by the three groups is 
shown in Table 2. The cages of group CRR were placed in a different room which was 
directly connected with the primary animal room, only separated by a door. 

Table 2: Experimental protocol 

Group # animals Series 1 Series 2 

R 9 - Restraint 

RR 9 Reward Restraint + Reward 

CRR* 9 Reward Cue + Restraint + Reward 

* Housed in separate room 

The objective of series 1 (see Table 2) was to adjust the mice of groups RR and 
CRR to the reward. Also, possible bias of HR and BT responses occurring as a result of 
reward-consumption could be studied. Series 1 took five days whereas series 2 took eight 
days. Procedures for training and (conditioned) restraints were performed four times per 
day, only on weekdays, between 8:30 and 18:00h. Following a trial the animal room was 
not entered at all for 1 hour and 45 minutes in order not to disturb the mice. In addition to 
the trials, the animal room was shortly visited four times per day at random to prevent 
room entering by itself becoming a cue for the animals. There were 15min in between such 
a visit and the next room entering. All procedures were performed by the same 
experimenter.  

For the restraint procedure, the mouse was lifted by the tail base and placed on the 
cage lid. It was then restrained by holding the scruff and the base of the tail. The animal 
was held with its head tilted downwards and the abdomen was gently palpated. The 
procedure took about ten seconds after which the animal was returned to its home cage.  
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In case the restraint procedure was preceded by a cue (in group CRR), this cue 
consisted of switching on the lights in the animal room for a few seconds (general cue) and 
an air puff on the animal’s head/body just before taking the animal out of its cage (specific 
cue). The air puff was delivered by gradually pushing the air out of a 20ml syringe (BD 
PlastipacTM, Alphen aan de Rijn, The Netherlands) which was extended with the flexible 
part of a 14 Gauge Abbocath (Abbott Laboratories, Sligo, Ireland). Harkin et al. (2002) 
have found an increase of HR and BT in rats after being subjected to an air puff, however, 
the air puff used in their study was much stronger and longer in duration compared to the 
air puff used here, a similar stressor-effect was therefore unexpected in the current study. 
Nevertheless, with another group of transmitter implanted mice from a previous 
experiment that had no experience with the cue, it was checked if the combination of cues 
in the current study (i.e. light + air puff) by themselves alone would already trigger a 
physiological response, which could not be detected. 

The reward consisted of a small pellet of chicken food (0.12 ± 0.01g; De Heus 
Brokking Koudijs, Ede, The Netherlands), from earlier experience known to be palatable 
for mice, which was dropped in front of each mouse through the cage lid.  
 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Mean (± SEM) body weight of mice throughout the experiment. Body weight of weeks 4-
14 corrected for weight of transmitter. 

 
Statistics 
Body weight was compared between the groups for weeks 10-14, in the period of 
individual housing and training procedures. Comparisons were done with a general linear 
model for repeated measures, with week as within-subject factor and group as between-
subject factor.  

Average baseline levels of HR, BT and AC were assessed in weeks 10-13, on 
Sundays between 11:00-12:00h (dark period) and 23:00-0:00h (light period). The dark and 
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light period were separately tested for statistical differences between the groups by means 
of a general linear model for repeated measures with week as within-subject factor and 
group as between-subject factor.  
 
Table 3: Results of the first trials of five different training days (P-values) 

 Day Heart rate Body temperature 

1 n.s. 

 
Overall group: 0.021 
     Contrasts:   R vs. RR: 0.009 
                        R vs. CRR: 0.029 

 
Series 1 

5 n.s. 

Time: 0.048 
Time*Group: 0.042 
Overall group: 0.001 
     Contrasts:   R vs. RR: 0.008 
                         RR vs. CRR: <0.001 

1 Time: <0.001                      (Figure 3A) 

Time: <0.001                        (Figure 4A) 
Overall group: 0.016 
     Contrasts:   R vs. RR: 0.007 
                        R vs. CRR: 0.024 

5 

Time: <0.001                     (Figure 3B) 
Time*Group: 0.042 
Overall group: 0.039 
     Contrasts: RR vs. CRR: 0.013 

Time: <0.001                         (Figure 4B) 
Time*Group: <0.001 

 

8 Time: <0.001                     (Figure 3C) Time: <0.001                        (Figure 4C) 

1 vs. 5  
Time*Day: 0.006 

 
n.s. 

Series 2 

1 vs. 8 
 
Day: 0.02 
Time*Day: 0.015 

  n.s. 

 
For series 1, HR and BT measurements were statistically tested for trial 1 of day 1 

and day 5. Of series 2 the first trials of days 1, 5 and 8 were tested. In order to avoid 
missing values (possible to occur when a mouse is very active and the position of the 
transmitter is out of range of the receiver) each analysed time-point was the mean of three 
data acquisitions (or two in case of a missing value). HR and BT levels were compared at 
0-9, 18-27, 36-45 and 54-63min after restraint. To correct for possible baseline differences, 
baseline values were subtracted from the subsequent post-procedure measurements. 
However, as visual comparison of baseline and post-procedure values provides relevant 
information and better insight, the actual (mean) values are presented in the graphs, with 
supplementary graphs inserted showing the corrected values. Analysis was performed 
using a general linear model for repeated measures, with time (minutes after restraint 
procedure) as within-subject factor and group as between-subject factor. For series 2, 
comparisons were also made between day 1 vs. day 5 and day 1 vs. day 8. Thereto, a 
general linear model for repeated measurements was used with both time (minutes after 



78         Chapter 5 

400

500

600

700

800

10 11 12 13

H
ea

rt
 ra

te
 (b

pm
)

R dark RR dark CRR dark
R light RR light CRR light

36

37

38

39

10 11 12 13

B
od

y 
te

m
pe

ra
tu

re
 (°

C
)

0

10

20

30

40

10 11 12 13
Week

A
ct

iv
ity

 (c
ou

nt
s/

m
in

)

restraint procedure) and day (day 1 vs. day 5 and day 1 vs. day 8) as within-subject factors 
and group as between-subject factor. All analyses were performed by SPSS for Windows, 
release 10.1.0. Differences were considered statistically significant when P < 0.05.  Data 
are expressed as mean values ± SEM. 

Figure 2: Average baseline levels of heart rate (panel A), body temperature (panel B) and activity 
(panel C), assessed on Sundays between 11:00-12:00h (dark, solid markers) and 23:00-0:00h (light, 
open markers). All three parameters show a decrease during the dark period in weeks 12 and 13 (P < 
0.001). BT shows interaction between week and group (P = 0.006). Data presented as means ± SEM. 
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Results

No significant differences for body weight were detected between the three groups during 
weeks 10-14 (Figure 1). 

Overall, baseline levels of HR, BT and AC did not differ between the three groups 
both during the light and dark period (Figure 2). However, all three parameters showed a 
decrease during the dark period at the end of weeks 12 and 13, the weeks in which the 
mice had been frequently subjected to the restraint procedure (P < 0.001). In addition, BT 
showed an interaction between week and group (P = 0.006). 

The food reward fed to the mice of groups RR and CRR was found highly palatable 
and was eaten within minutes after it had been provided. At the end of the series 1, some 
mice would readily eat the reward out of the hand of the experimenter when it was 
presented to them.  

Table 3 shows the statistical differences found for the HR and BT results in both 
series (only the significant effects found between the days are indicated for comparisons of 
day 1 vs. day 5 and day 1 vs. day 8 of series 2). Only the analyses of the first trials of the 
days are presented, but these results are comparable with the other trials of the same day 
(data not shown). During series 1, when the mice of groups RR and CRR received the 
reward, no differences were found for HR between the groups, and also within each of the 
groups, no differences over time were found. However, after eating the reward on day 1, 
the mice of groups RR and CRR showed an increase of BT, and also on day 5 differences 
between the groups were found, although in this case only caused by an increased BT of 
group RR.  

On the very first trial of series 2, HR showed an overall difference over time for 
each of the three groups (Figure 3A), but no differences caused by the different treatments. 
BT also showed an effect over time, but also again an increase in groups RR and CRR 
(Figure 4A). During the course of the first five days of series 2, HR recovery of group 
CRR was significantly different from groups R and RR (Figure 3B). BT also showed a 
different recovery pattern on day 5 (Figure 4B), though the effect was not as strong as for 
HR. In the three days following the trial-free weekend of series 2, the difference in 
recovery pattern that had been found on day 5 partly disappeared. As can be seen in the 
results of day 8, significant effects were only found within the groups (overall time effect). 
Only on visual inspection group CRR showed a lower HR and BT than the other two 
groups (Figures 3C and 4C).  

Comparison between day 1 and day 5 of series 2 showed a significant effect of 
time*day for HR. Comparing HR of day 1 with HR of day 8 revealed an overall effect of 
the day as well as an effect of time*day. No significant effects were found for BT when 
comparing the different days. 
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Figure 3: Mean (± SEM) heart rate of mice during series 2 after the first trial of day 1 (panel A), day 
5 (panel B) and day 8 (panel C), insert shows data corrected for baseline. Significant differences are 
listed in Table 3. 



Effect of Announced Reward on Restraint Induced Stress         81

36,0

37,0

38,0

39,0

Baseline 0-9 18-27 36-45 54-63

B
od

y 
te

m
pe

ra
tu

re
 (°

C
)

Group R
Group RR
Group CRR

-1,5
-1

-0,5
0

0,5
1

1,5

0-9 18-
27

36-
45

54-
63

  B
od

y 
Te

m
pe

ra
tu

re
  (

°C
)

36,0

37,0

38,0

39,0

Baseline 0-9 18-27 36-45 54-63

B
od

y 
te

m
pe

ra
tu

re
 (°

C
)

-1,5
-1

-0,5
0

0,5
1

1,5

0-9 18-27 36-45 54-63  B
od

y 
Te

m
pe

ra
tu

re
 

(°
C

)

36,0

37,0

38,0

39,0

Baseline 0-9 18-27 36-45 54-63
Minutes after procedure

B
od

y 
te

m
pe

ra
tu

re
 (°

C
)

-1,5
-1

-0,5
0

0,5
1

1,5

0-9 18-27 36-45 54-63

  B
od

y 
Te

m
pe

ra
tu

re
  (

°C
)

A

B

C

Figure 4: Mean (± SEM) body temperature of mice during series 2 after the first trial of day 1 (panel 
A), day 5 (panel B) and day 8 (panel C), insert shows data corrected for baseline. Significant 
differences are listed in Table 3. 
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Discussion

The study described in this paper encompassed a total number of 52 trials (four times a day 
for thirteen days altogether) in which mice were firstly adjusted to a reward (groups RR 
and CRR, series 1) and then subjected to a routine experimental restraint procedure that, 
for some of the experimental groups, was preceded by a cue and/or followed by a reward 
(series 2). HR and BT were measured telemetrically prior to and following each trial. 
Statistical analyses were performed on the first trial of day one and five of both series and, 
in case of series 2, also the first trial of day eight. Although only the results of the first 
trials of the days are shown in Figures 3 and 4, the second to fourth trials were found to be 
in line with the first trial of the same day. Kramer et al. (2004) had found no conditioning 
effects during the first trial of the day, but their study was not performed under a reversed 
day-night cycle. It might be that the effect at the beginning of the light phase (i.e. the 
resting period) is different from the effect during the dark period, as was the case in the 
current study. It should however be noted that in the current study, baseline levels of HR, 
BT and AC significantly decreased during series 2 (Figure 2). Although the circadian 
rhythm was not fully disturbed, the mice became less active during the dark period. 
Possibly, the frequent restraint procedures affected energy expenditure of the mice, 
resulting in more sleeping during the dark. This, however, did not seem to have caused a 
difference between the first and the second to fourth trials of the day. 

During series 1, when the mice of groups RR and CRR received the food reward 
without any further procedures (see Table 2), no effect was found for HR. However, BT 
did show a change (see Table 3), which implies that eating the reward might also have 
influenced this parameter in series 2, thus making BT results of this period less reliable. 
This is further confirmed by the fact that already in the first trial of series 2, when no 
effects of conditioning could yet be expected, a higher BT was found in groups RR and 
CRR, the groups that had received the reward (Figure 4A).  

Most studies investigating the effect of predictable stress have used rather severe 
(painful) electrical shocks from tail probes or grid floors as stressors (Weiss 1970, Bassett 
et al. 1973, Davis & Levine 1982, Pitman et al. 1992, Stiedl & Spiess 1997, Orsini et al.
2002). This kind of testing requires that animals are placed in special experimental 
chambers or boxes, which by itself will already cause some form of acute stress or, in case 
of multiple fear conditioning sessions, even contextual fear (e.g. Zhang et al. 2004). In the 
current study the mice were subjected to a mild stressor while kept in their home cage 
during the entire experiment. The results do not suggest a cumulative effect of the repeated 
procedures, as there was no evidence for an increasing stress response. 

In contrast, HR of group CRR showed a reduced recovery time in the course of the 
first five days of series 2. This effect however seemed to fade away by day eight, but it is 
unclear how this should be interpreted. It seems unlikely that the animals had habituated to 
the procedure, as the mice continued to show a response to the restraint procedure 
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throughout series 2, which is in line with the results of Kramer et al. (2004). Possibly, 
other factors were already unintentionally predicting the procedures. Although during both 
series the room was entered four additional times a day to prevent room entering becoming 
a cue, the mice may have interpreted other events as a cue as well, like for instance the 
cage being lifted from the shelf. Furthermore, it was not the first time that these animals 
had been subjected to the routine procedure, as the mice had of course been picked up from 
their cages and sometimes were restrained in the weeks preceding the experimental 
procedures (e.g. during cage cleaning or at the time of transmitter implantations). In that 
case, the experimental cue might not have had a sufficient predicting effect, or only for a 
short period of time, as research has shown that if a predicting cue already exists, new cues 
might never be learned (Kamin 1969, Gallistel 2003). However, the initial effect of the 
announcement of restraint followed by reward has shown a substantial effect and deserves 
further attention. 
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X-rays of a mouse (~25g) with a radio-
telemetry transmitter implanted in the 
abdomen
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Summary

In this study, heart rate variability (HRV) was analysed as a measure of sympathetic and 
parasympathetic tone in mice during acute, short-term restraint stress. It was hypothesised 
that a previously observed decrease of heart rate (HR) and body temperature (BT) during 
short-term restraint in a Perspex restrainer might be caused by an increased 
parasympathetic tone, as a way to save energy sources in an inescapable situation. In the 
present study, restraint again resulted in a hypothermia but no bradycardia was observed. 
HRV analysis allowed a further insight into the modulation of the autonomic nervous 
system, but did not indicate an increased parasympathetic tone during the 5 minutes of 
restraint. The reason for the developed hypothermia therefore currently remains uncertain.  
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Introduction

Heart rate variability (HRV) is a cardiovascular measure, determined by the beat-to-beat 
intervals between individual R-tops of the electro cardiogram (ECG; see Figure 1). 
Alterations of these interbeat intervals (IBI) can often be assessed even before changes in 
HR can be noticed and can give insight in the functioning of the autonomic nervous system 
(Task Force of the European Society of Cardiology the North American Society of Pacing 
Electrophysiology 1996). Analysis of HRV has been established and validated previously 
as a measure of autonomic nervous function in small rodents like mice and rats, to assess 
sympathetic and parasympathetic influence on the modulation of HR (Gehrmann et al.
2000, Ishii et al. 1996, Kuwahara et al. 1994). These studies investigated HRV by 
blocking either the sympathetic (SNS) or parasympathetic nervous system (PSNS), or 
both.  

Figure 1: Typical ECG waveform of a mouse, indicating the PQRST complex (Figure from 
Kramer 2000, used with permission). 

The current study aimed to investigate the use of the parameter under more ‘natural’ 
conditions, by challenging the autonomic nervous system through the induction of acute 
stress. Thereto, mice were subjected to an experimental procedure (5min of restraint in a 
Perspex restrainer) which in a previous study had been found to induce hypothermia and 
showed a decreasing HR after an initial tachycardia (Meijer et al. 2006c). Similar results 
had been found before, but always after several hours of restraint (e.g. Johnson et al. 2000, 
Narciso et al. 2003). Possible explanations like a decrease in motor activity or a lowered 
ambient temperature seemed not satisfying, as in this case the restraint lasted only for a 
short duration. Furthermore, the isolating properties of the Perspex could be expected to 
prevent for a fast loss of body warmth. It is therefore hypothesised that the bradycardia and 
hypothermia were a possible adaptational strategy, allowing the animal to preserve energy 
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during the inescapable situation. Theoretically, this would mean that in addition to the so-
called ‘fight-flight response’, caused by the activation of the sympathetic nervous system 
(SNS), which allows the animal to mobilize and expend energy (e.g. resulting in an 
increase of HR and BT), the parasympathetic nervous system (PSNS) could have become 
activated as well, allowing the animal to preserve energy sources. As activation of the 
PSNS has an opposite effect compared to the SNS, this could indeed explain the 
hypothermia and bradycardia found during the 5min of restraint.  

To investigate this hypothesis, ECG waveforms were collected in mice prior to, 
during and after five minutes of restraint in a Perspex restrainer, and HRV was calculated 
following the method of Gehrmann et al. (2000).  
 
Materials and Methods 
 
All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 

Eight female mice of the C57BL/6Jico inbred strain (Charles River, Maastricht, The 
Netherlands) had arrived at the facility at the age of 5 weeks. The mice were housed in a 
conventional animal room (temperature 22-24ºC, relative humidity 45 ± 10%) with a 
12/12h light/dark cycle (lights on: 08:00h, light intensity at shelf level about 100 lux, red 
light with an intensity of 2 lux on during the dark period) and a radio on during the light 
phase. The mice were housed in elongated Makrolon® II cages (floor area 530cm2) 
provided with Aspen chips bedding (Abedd®, Köflach, Austria), two Kleenex tissues 
(Kimberly Clark, Ede, The Netherlands) and food pellets (CRM-E, SDS, Witham Essex, 
UK) and tap water ad libitum. Each experimental mouse was socially housed together with 
one non-experimental female cage mate. 

At the age of 12 weeks (body weight 19.7 ± 0.2g), the mice had been implanted 
with radio-telemetry transmitters (TA10ETA-F20, DataSciences International, St.Paul, 
MN, USA), following the method of Meijer et al. (2006c). Transmitter implantation was 
performed as part of a study on post-operative recovery, and therefore the mice had been 
regularly subjected to weighing, behavioural observations and blood collection in the 
weeks following surgery. 

At the time of testing for the current experiment, the mice were 20 weeks of age. All 
eight mice were subjected to one and the same procedure: 5min of restraint in a Perspex 
restrainer, a procedure they had never experienced before. Each mouse underwent the 
procedure once; two mice were tested per day. At 9:00h, the animal room was entered by 
the experimenter and the radio-telemetry system (DataQuest A.R.T. version 2.3; DSI, St. 
Paul, MN, USA) was started to continuously collect ECG waveforms. In addition, BT was 
measured. The room was left undisturbed until 10:00h, when the experimenter re-entered 
and two mice were quickly placed into clean Perspex restrainers (∅2.5cm inside, length 
adjustable for the size of the mouse) by holding them by the tail base and gently pulling 
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them inside, the tail remaining outside. The restrainer with the mouse was placed on top of 
the telemetry receiver. After five minutes the mouse was released again into its home cage 
which was then replaced on the receiver. After the mice had been released, the animal 
room was left undisturbed for two hours and data were continuously sampled until 12:00h. 

Basal values of HR, BT and HRV were assessed between 9:45-9:50h, fifteen 
minutes before the mice were placed in the restrainer. To establish whether the values had 
returned to baseline again, values were again assessed between 11:45-11:50h, which was 
about 1 hour and 45 minutes after the mice had been returned to their home cage. During 
the 5 minutes in the restrainer, HR and BT were assessed every 10s. 

Figure 2: Representative example of the interpolated R-R intervals of one mouse before and 
during the period in the restrainer. 

Frequency domain measures of HRV 
No time domain analysis of HRV was performed because it does not allow investigation of 
the distinct autonomic influences on heart rate. Stable 120s segments of the digitized ECG 
signal (sampling rate 1kHz) were used for HRV analysis. The telemetry program 
automatically detected the R-waves and calculated R-R intervals. The intervals were 
visually inspected. Undetected R-waves led to R-R intervals twice or three times the 
normal length. These errors were manually corrected by dividing the R-R interval by either 
two or three and filling in the missed events (Task Force of the European Society of 
Cardiology the North American Society of Pacing Electrophysiology 1996). Thereafter, 
the sequence of interevent times was linearly interpolated to a 20Hz time series of R-R 
intervals, resulting in 2400 evenly spaced R-R intervals. A typical example of the 
interpolated intervals before and during the period in the restrainer is given in Figure 2. 
Each 120s segment was divided into 12 overlapping segments of 512 samples, i.e. a 
window containing 512 points was repeatedly shifted by 171.64 data points. Each of the 12 
segments was mean detrended, i.e. the average R-R interval of each segment was 
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subtracted from the individual 512 R-R intervals (centred around zero). Next, each 
segment was multiplied by a Hanning window. The squared magnitudes of the discrete 
Fourier transform of the segments were averaged to form the power spectral density (see 
Figure 3). Theoretically the spectrum lies between 0Hz and (average heart rate/60 2) Hz, 
however, since the VLF (very low frequency) component was of no interest and no power 
was present above 4Hz, we studied the frequency range from 0.1 to 4Hz. Cut-off 
frequencies for power in the low-frequency range (LF) and high-frequency range (HF) 
were based on the study by Ishii et al. (1996) and defined as 0.1-1.0Hz (LF) and 1.0-4.0Hz 
(HF). The total power in each range was calculated and used for statistical analysis. 

Figure 3: Representative example of the power spectrum of one mouse before, during and after the 
period in the restrainer. The arbitrary units are directly proportional to s2.

Statistics
Only four out of eight datasets were found suitable for analysis. For unknown causes, data 
acquisition was temporarily interrupted during one experimental session, ruling out two 
mice, and the ECG signal of two other mice showed too many disturbances during the 
period in the restrainer to be analysed reliably. In addition, a two-minute segment of the 
ECG signal could only be analysed after the first minute of restraint in the remaining four 
mice, due to disturbances at the onset of the restraint. The disturbances were probably 
caused by excessive movements of the mice. 

Because of the small number of animals, data were analysed non-parametrically 
with a Friedman paired samples test to assess overall differences, followed by a Wilcoxon 
signed ranks test to test for differences between time points if applicable. LF and HF 
components of the HRV analysis were tested separately by comparing the three time points 
(before, restrainer and after). HR and BT data were compared at four different time points, 
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using the first (20s) and last (290s) data points collected while the mice were placed in the 
restrainer in addition to the data collected before and after the restraint.  

Data are presented as actual values per mouse. All statistical analyses were 
performed in SPSS for Windows, release 12.1.0. Differences were considered statistically 
significant when p < 0.05. 

Figure 4: Measurements of BT (panel A) and HR (panel B) of the individual mice before, during and 
after the period in the restrainer, each mouse marked by a different dot. Baseline values before and after 
the restrainer have been indicated by solid dots, whereas the values collected every 10s during the period 
in the restrainer are indicated by open dots and connected by lines. 



92         Chapter 6 

0

4

8

12

Before Restrainer After

Low Frequency power (0.1 - 1.0 Hz)

Fr
eq

ue
nc

y 
po

w
er

 ('
ar

bi
tr

ar
y 

un
its

')

A

0

2

4

6

Before Restrainer After

High Frequency power (1.0 - 4.0 Hz)

B

Results

During the 5 minutes in the restrainer, BT decreased from 36.1 ± 0.3 C to 34.8 ± 0.3 C
(Figure 4A). HR, showing an average basal value of 448 ± 37 beats per minute (bpm) 
15min before the restraint procedure, increased to 672 ± 11bpm at the start of the 
restraining period and did not really change during the following 5min (last measurement 
in restrainer: 656 ± 13bpm; Figure 4B). The first and last measurements of BT and HR 
during the 5min of restraint were compared to baseline values before and after the 
restrainer and showed an overall significant change in HR (p = 0.019), mainly caused by 
the increase at the start (p = 0.068, trend), and the return to baseline after the restraint (p = 
0.068, trend; Figure 4B). An overall trend was found for BT (p = 0.058) which can be 
attributed to the decrease of BT in the restrainer (p = 0.066, trend) and the recovery to 
baseline afterwards (p = 0.068, trend; Figure 4A).  

Analysis of HRV (Figure 5) revealed no differences by Friedman test for the high 
frequency (HF) variation, but a significant overall difference was found for the low 
frequency (LF) data (p = 0.039). Wilcoxon signed ranks test showed a trend between the 
baseline value before the restrainer and the period in the restrainer (LF variation lower 
when in restrainer; p = 0.068) as well as a trend between the period in the restrainer and 
the baseline value afterwards (LF variation lower when in restrainer; p = 0.068). No 
differences were found between the baseline values before and afterwards.  

Figure 5: Total power of the LF (panel A) and HF (panel B) ranges of HRV before, during and after the 
period in the restrainer. Each mouse is marked by a different dot. The arbitrary units are directly 
proportional to s2.
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Discussion

HRV may be a valuable parameter in the assessment of acute stress in mice, as it provides 
more detailed information on the sympathetic and parasympathetic components of the 
autonomic nervous system. In order to investigate this, it was hypothesised that the 
decrease in BT and HR as previously found in mice during 5min of restraint in a Perspex 
restrainer (HR reduction after an initial tachycardia; Meijer et al. 2006c), was caused by an 
increased parasympathetic tone, as a way to save energy sources in an inescapable 
situation. As it turned out, the current study showed the same decrease in BT as found in 
the previous study (Figure 4A), but no decrease in HR (Figure 4B). However, it is not 
unlikely that the major disturbances found in two mice during the period in the restrainer 
in the current experiment, have also occurred in a number of mice in the previous study. 
As a disturbed signal impedes the system to detect R-waves, resulting in incorrectly long 
IBI’s, the observed HR during the period in the restrainer in the previous study might have 
been erroneously low. However, as the main object of that study concerned the recovery 
period after restraint, possible disturbances during the period in the restrainer are not 
considered to have had major consequences in this respect.  

In the current study, the ECG waveform was used to calculate average HR and HRV 
in the frequency domain. The restraint induced a tachycardia (approximately 700 bpm) that 
was associated with a significant decrease in LF power and a non-significant decrease in 
HF power (Figure 5). Nijsen and colleagues, who measured PSNS activity in rats by the 
length of the PQ interval of the ECG (see Figure 1), had found an increased PQ interval 
during the first minute of exposure to a novel test box (Nijsen et al. 1998), indicating an 
increased activity of the PSNS. A tachycardia indicated a concomitant increase in 
sympathetic outflow. Tachycardia during restraint is likely to be the result of increased 
SNS activity because the heart rate of mice is predominantly controlled by the sympathetic 
nervous tone (Gehrmann et al. 2000, Ishii et al. 1996). The observed changes in HRV are, 
however, more difficult to interpret. Although it is generally accepted that the HF 
component of HRV is exclusively modulated by PSNS activity, and therefore a good 
indicator of parasympathetic function (Akselrod et al. 1981, Stein et al. 1994), the results 
from HRV measurements in mice give a more complicated view. Ishii et al. (1996) showed 
that blocking the PSNS with atropine resulted in a significant decrease of LF power and a 
non-significant reduction of HF power, similar to our results. Blocking the SNS resulted in 
a decrease of LF power. The average heart rate of their mice (ICR.Jcl strain) in the control 
situation was 627bpm. Gehrmann et al. (2000) demonstrated that blocking the PSNS of 
mice (C57BL/6J strain) caused a substantial reduction of both LF and HF power and a 
reduction of the LF/HF power ratio. These studies show that a decrease in PSNS activity 
can result in a reduction of LF power, but not necessarily in a reduction of HF power. So, 
the decrease in LF variation during restraint is consistent with a diminished influence of 
the PSNS on the heart’s sinoatrial node.
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In addition, Gehrmann et al. (2000) showed that blocking the SNS resulted in 
marked increases of both LF and HF power, but especially of the LF power. Because the 
heart rate of their control mice was already 724bpm at rest (as in the study by Ishii et al.,
presumably due to the implantation site of the transmitter, subcutaneously at the back), 
which is close to the maximum heart rate in mice (Kramer et al. 1993), it is likely that the 
saturated sympathetic tone had put a stronghold on sinus rhythm (Malik & Camm 1993). 
Only after relieving the heart from this sympathetic grip, the unopposed influence of the 
PSNS activity became visible. The increase in LF power after blocking the SNS shows that 
a reduction in LF variation can also be the result of an increase in SNS activity. 

So, the decrease in LF variation during restraint can be the result of a decrease in 
PSNS activity, an increase in SNS activity or a combination of both, but is unlikely to be 
associated with an increase in PSNS activity. This is in accordance with the increase in 
average heart rate during restraint found in the current experiment. 

Concluding, the present study did not indicate an increased parasympathetic tone in 
mice during 5 minutes of restraint in a Perspex restrainer, and the reason for the developed 
hypothermia currently remains uncertain.  
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Summary

In search of refinement of experimental techniques, it was investigated whether urinary 
corticosterone (uCORT) could be used as a non-invasive measure of acute stress in mice. 
Thereto, the urine of ten mice of two different strains (BALB/c and C57BL/6) was 
collected six times, which at five occasions had been preceded by an intraperitoneal (IP) 
injection with saline, using five different time-intervals between the two procedures (1-5 
hours; urine collected without a preceding injection served as control value). It was 
demonstrated that uCORT was increased during the first two hours after IP injection, 
however showing an increased variation at the two hour time-point. uCORT may therefore 
be used as a parameter to assess acute stress and can thus be considered a refinement of 
routine laboratory animal practice.
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Introduction

The concept of refinement is an important issue in the field of laboratory animal science. 
Refinement based research aims to improve animal welfare, to increase the reliability of 
experimental outcome and to diminish variation. In search of refinement of experimental 
techniques we investigated whether urinary corticosterone (uCORT) can be used as a non-
invasive measure of acute stress in mice.  

In mice, CORT is usually measured in blood or urine samples. In urine, 
corticosterone is bound to corticosteroid-binding globulin (CBG) whereas in the blood 
CORT is mostly unbound. After an animal is aroused, CORT is quickly released in the 
blood and can usually be demonstrated after about two minutes. Together with its 
relatively short half-life, this makes plasma or serum CORT a frequently used parameter 
for acute stress. However, as a consequence of the quick release, blood samples need to be 
drawn within two minutes after the onset of the procedure to avoid confounding effects of 
the procedure itself (Broom & Johnson 1993). The release of CBG-bound CORT in urine 
is much slower which facilitates the sampling procedure, and in addition, the collection of 
urine is considered less invasive than blood sampling, as the latter will require restraint and 
puncturing or incision of blood vessels, which potentially causes pain and sometimes 
results in pathologies (see Balcombe et al. 2004 for a review). Furthermore, we know from 
our own experience that the amount of blood that can be collected through e.g. tail incision 
decreases with each time a sample has been drawn.  

Therefore, within the framework of our refinement based research, we were 
interested if the effects of an acute, mild stressor would be visible in uCORT samples, and 
if so, how long after the induced stress this would occur. Analogous to a preceding study 
(Meijer et al. 2006a), a routine experimental procedure, being an intraperitoneal (IP) 
injection, was used as the acute, mild stressor. Injecting saline was also likely to increase 
the volume of urine voided, which would be of advantage for the biological analysis. 

Materials and Methods 

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 

Ten female, experimentally naïve mice of two different inbred strains (n=6 
BALB/cByJIco; n=4 C57BL/6JIco; Charles River, Maastricht, The Netherlands), control 
animals from a previous experiment, were housed in a conventional animal room 
(temperature 18-24ºC; 12/12h light/dark cycle with lights on at 07:00h, light intensity at 
shelf level approximately 100 lux, during lights off approximately 2 lux). At the time of 
testing, the mice were about thirteen months of age and had a mean body weight of 28.6 ± 
1.2g (BALB/c) and 34.1 ± 0.7g (C57BL/6). They were socially housed in groups of two in 
elongated Makrolon® II cages (floor area 530cm2) provided with sawdust bedding 
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(Lignocel® ¾, Rettenmaier&Sohne, Ellwangen-Holzmühle, Germany). Cage enrichment 
had not been provided in the preceding experiment because of experimental reasons. It was 
chosen to maintain this situation during the current study in order to avoid confounding 
effects. Food pellets (CRM, SDS, Witham Essex, UK) and tap water were provided ad
libitum.

The mice received five IP injections with 0.5ml of sterile saline (0.9%, Brain 
Melsungen AG, Melzungen, Germany) at room temperature, gradually injected in the 
lower quadrant of the abdomen off midline, using a 26 Gauge needle under an 
approximately 10  angle. An injection was followed by urine collection, with a time 
interval varying between one to five hours. To obtain a baseline uCORT value, urine was 
also collected once without a preceding injection. Urine was always collected at 17:00h to 
control for the circadian rhythm of uCORT and injections were therefore administered at 
different times of the day, in the following randomized order: 12:00h, 14:00h, 13:00h, no 
injection (baseline uCORT), 16:00h and 15:00h. There were always two or three days 
between procedures.  

To collect urine, the mice were placed individually in plastic buckets (1.1L volume; 
Emergo, Landsmeer, The Netherlands) provided with a plastic salad dish (250cc, Depa®,
Veriplast BV, The Netherlands). The mice who did not urinate spontaneously were picked 
up, restrained by the scruff and the base of the tail, and - if necessary - the bladder was 
gently massaged until the mouse urinated. Using this method, it was possible to collect 
urine of all mice within fifteen minutes (modified method of Dahlborn et al. 1996 and Van 
Loo et al. 2001). 

Urine was collected with a 1ml syringe and stored in polypropylene tubes at –20 ºC. 
uCORT levels were measured using a solid-phase 125I radioimmunoassay (CAC® Rat 
Corticosterone TKRC1, Diagnostic Products Corporation, Los Angeles, USA). Creatinine 
(Cr) concentrations, indicative for the dilution of urine, were determined with the use of a 
commercial test combination (ABX Diagnostics, Montpellier, France) on a COBAS-
MIRA-S auto-analyzer (ABX, Montpellier, France). 

uCORT/Cr ratio values were analyzed using a linear mixed effects model with 
strain as between-subjects and time (i.e. the interval between injections and urine 
collection) as within-subject factor. Overall differences were assessed and in addition, all 
time intervals were individually compared to baseline. Bonferroni correction was applied 
where appropriate. The analyses were performed in S-plus 2000 Professional Release 2
(1988-1999, MathSoft, Inc.). Data are presented as means ± standard error of the means 
(SEM).  

Results and Discussion 

The results are presented in Figure 1. Overall, a difference between the five time intervals 
and the baseline uCORT/Cr ratio was detected (P = 0.0008). When comparing each of the 
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time-intervals with the baseline value, a significant increase compared to baseline was 
found for the 1h (P = 0.0045) and the 2h interval (P = 0.0005). No statistically significant 
differences were found between the two strains. 

The mice in the present study showed rather high basal uCORT/Cr ratio levels 
(c.f. Van de Weerd et al. 1997b). This can be explained by the fact that they were 13 
months of age. Glucocorticoids increase with aging due to the impaired feedback 
inhibition of the hypothalamic-pituitary-adrenal (HPA) axis (Pedersen et al. 2001). 

Figure 1: uCORT/Creatinine ratio of two strains of mice at baseline and 1-5 hours after IP injection. Asterisks 
indicate a significant difference from baseline. Data are presented as means  SEM. 

However, despite the high baseline values, the increase of uCORT as found in the 
first two hours after the mice had been subjected to an IP injection, indicates that the 
effects of an acute, mild stressor can indeed be detected in urine. Likewise, peak 
concentrations of CORT metabolites have been found in urine around two hours after 
CORT injection (Touma et al. 2003). As can be seen in Figure 1, the variation at the two-
hour interval was increased compared to the one-hour interval. It seems that, at this point, 
the method is less accurate. Some of the mice might have urinated between one and two 
hours after injection, voiding the peak concentrations of uCORT that have accumulated in 
the bladder. 

Although the volume of saline injected in the peritoneal cavity might have 
influenced voiding, based on the present results, it seems advisable to collect urine at about 
one hour after the animal has been subjected to an acute stressor if the intention is to 
measure its effect with the lowest possible variation. Alternatively, if one wants to avoid 
experimental bias due to the effects of acute stressors, urine should not be collected within 
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first three hours, as the effects of the acute stressor are likely to disappear after this period 
of time. 

In conclusion, our results show that uCORT can indeed be used to measure the 
effects of acute stress, and the use of this parameter can, therefore, be seen as a useful 
refinement of routine laboratory animal practice. The increased variation of uCORT values 
at the two hour time-point can, however, be considered as a drawback of the use of this 
parameter. 
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Summary

Guidelines on the housing and care of laboratory animals in general state that rats and mice 
should not be housed in one and the same animal room. This has been said to cause stress, 
as mice could perceive rats as predators. However, there is little scientific evidence to 
support this theory. In the wild, rats and mice usually do not share the same micro-habitat, 
but this appears to be true for most small rodent species and depends on whether they are 
competitors for the same resources. Furthermore, reports of predatory behaviour of rats 
towards mice have mainly derived from observations in experimental settings using rats 
with an inbred high level of aggression.  

In a pilot experiment we measured heart rate (HR), body temperature (BT), activity 
(AC) and urinary corticosterone (CORT) in female mice before, during and after the 
introduction of rats into their animal room. No effects of rat introduction could be found on 
any of the parameters. In contrast, the mice did show a temporary increase of HR, BT and 
AC after cage cleaning. It is concluded that housing rats and mice in the same room is at 
least less disturbing than cage cleaning. Legislation based on compromised welfare is 
therefore not supported by the current results. 
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Introduction

Guidelines on the housing and care of laboratory animals state that rats and mice should 
not be housed in one and the same animal room (Dutch Inspectorate for Health Protection 
and Veterinary Public Health 1998). The basis of this statement however is not clear. 
Article 1.2.4 of the European guidelines of 1986 (Council of Europe 1986, Convention 
ETS 123) indicate that ‘care should be taken not to house together species which are 
incompatible’ and it has been argued that this should be the case for rats and mice, as 
gastric ulcers would have been reported occasionally in rats that were housed in the same 
room with mice (Dutch Inspectorate for Health Protection and Veterinary Public Health & 
Dutch Association for Laboratory Animal Science 1989). However, no reference has been 
made to any supporting scientific evidence of this gastric ulceration in rats.  

Today, still no evidence has been found for these possible gastric ulcers in rats and 
it is often assumed that the guidelines were implemented because of welfare issues 
considering mice. Mice may be frightened by the presence of rats, as it is sometimes said 
that rats are predators of mice (e.g. Calvo-Torrent et al. 1999). However, this argument is 
somewhat controversial. Although there are studies in which rats were observed to kill 
mice (the so called ‘killer rats’), these studies were performed in laboratory settings using 
aggressive (inbred) rat strains and often involved experimentally induced muricidal 
behaviour (e.g. Bac et al. 2002, Hsuchou et al. 2002, Ho et al. 2004). To our knowledge 
there has been no evidence of mice being a regular prey for rats in the wild, and no 
references to it were made in the extensive review on wild mice by Sage (Sage 1981). In 
his review, Sage paid attention to interspecific interactions between wild house mice and 
other small rodents, including rats. He concluded that there was a substantial body of 
mainly anecdotal information saying that house mice frequently had negative interactions 
with other rodent species and that the nature of these negative interactions most frequently 
involved nest sites but possibly also competition for food resources. Thus, rats and mice 
did not appear to share the same microhabitat in the wild; however, this was also true for 
house mice in combination with other rodents such as voles and other mouse species. 
Therefore the question remains: does avoiding each other in the wild means that sharing a 
room in confinement is stressful and a definite challenge to welfare?  

In the Netherlands, the guidelines are currently causing logistic problems in some 
animal facilities; therefore, research is required to provide evidence-based legislation with 
respect to the communal housing of rats and mice. Some research has already been done in 
this field. Mice who lived for 7-14 days in a room that contained rats showed an increase 
in sympathetic neurotransmitter release, an effect that was even bigger when the mice were 
individually housed (D'Arbe et al. 2002). Activation of the sympathetic nervous system 
can be considered a sign of stress. In addition, circadian rhythms of heart rate and activity 
were found to be disturbed in a subsequent experiment (I. Chin, personal communication). 
Furthermore, chronic exposure (21 days) to rats was found to reduce reward sensitivity and 
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prevented habituation to the plus-maze in male mice (Calvo-Torrent et al. 1999), which 
can also be considered to be signs of stress. Other studies demonstrating stress in mice 
when confronted with the presence of rats were usually not performed to establish the 
effect of communal housing, but merely to investigate the effect of rats as an acute 
stressor. As a result, these studies involved only short term exposures to rats, and more 
importantly, rats being placed in very close proximity to the mice, i.e. literally on top of 
their cages (Grootendorst et al. 2001a, Grootendorst et al. 2001b) or even within their 
cages behind a Perspex wall (Linthorst et al. 2000). The latter however has also been 
demonstrated to be stressful in mice during post-operative recovery when (familiar) mice 
were placed behind a grid partition in the cage (Van Loo et al. 2006). 

In order to gain more insight in the effects rats may have on mice when housed in 
the same animal room, we performed a pilot study in which we recorded heart rate (HR), 
body temperature (BT) and general activity (AC) patterns by means of radio-telemetry and 
measured urinary corticosterone (uCORT) in female C57BL/6 mice (surplus from a 
previous experiment) before and during a two-week exposure to rats in their room.  

Materials and Methods 

All procedures were approved by the Animal Ethics Committee of the Faculty of 
Veterinary Medicine of Utrecht University. 

Nine female mice of the C57BL/6Jico inbred strain (Charles River, Maastricht, The 
Netherlands) had been housed at the facility from the age of 3 weeks. The mice were 
housed in a conventional animal room (temperature 18-24ºC) with a 12/12h light/dark 
cycle (lights on: 07:00h, light intensity at shelf level about 100 lux, during lights off: 2 
lux). A radio was on during the light phase. The mice were housed in elongated Makrolon®

II cages (floor area 530cm2) provided with sawdust bedding (Lignocel® ¾, 
Rettenmaier&Sohne, Ellwangen-Holzmühle, Germany), two Kleenex® tissues (Kimberly 
Clark, Ede, The Netherlands), and food pellets (CRM-E, SDS, Witham Essex, UK) and tap 
water ad libitum. Each experimental mouse was socially housed together with two non-
experimental female cage mates. All mice were surplus from a previous experiment. 

At the age of 12 weeks (body weight 19.8  0.2g), the mice had been implanted 
with radio-telemetry transmitters (TA10ETA-F20, DataSciences International, St.Paul 
MN, USA). For details on the surgical procedure and post-operative care see Meijer et al.
(2006c). After transmitter implantation, the mice had been used in an experiment in which 
they were subjected to repeated trials of restraint by hand for ~10s. During this period, the 
mice had been individually housed. 

Nine weeks after the end of the first experiment, when the mice were about six 
month old, they were confronted with three cages of adult male and female Wistar rats 
(Charles River, Maastricht, The Netherlands) who had been living at the facility from early 
age onwards and were normally used for educational purposes. The day the rats were 
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introduced into the mouse room will be referred to as day 0. There were two cages housing 
a group of four female rats each and a third cage housing a group of four males. The cages 
were positioned on a table about 1.5m away from the shelves were the mouse cages were 
standing so that the mice could receive olfactory, auditory and visual stimuli from the rats. 
The rats remained in the room for a period of two weeks, during which all usual 
procedures of an animal laboratory such as daily animal checkings and weekly cage 
cleanings were performed (cleaning of mouse cages on days 8 and 14). 

By means of the radio-telemetry system, HR, BT and AC data were collected 24 
hours a day, starting four days prior to the arrival of the rats. Transmitter-signals were sent 
to a PC and saved to disk; data acquisition and analysis were performed using Dataquest 
A.R.T. version 2.3 (DSI, St Paul MN, USA). In addition, urine was collected from the 
mice three times on Monday mornings at 9:00h to measure uCORT levels. The first 
collection was on the morning just prior to the arrival of the rats (day 0) in order to assess a 
baseline value. Urine collections were repeated twice on the following Mondays, i.e. one 
and two weeks after the rats had been housed in the animal room (days 7 and 14). To 
collect their urine, the mice were placed individually in plastic buckets (1.1L volume; 
Emergo, Landsmeer, The Netherlands) provided with a plastic salad dish (250cc, Depa®,
Veriplast BV, Apeldoorn, The Netherlands). The mice who did not urinate spontaneously 
were picked up, restrained by the scruff and the base of the tail, and - if necessary - the 
bladder was gently massaged until the mouse urinated. Using this method, it was possible 
to collect urine of all mice within fifteen minutes (modified method of Dahlborn et al.
1996 and Van Loo et al. 2001). Urine was collected with a 1ml syringe and stored in 
polypropylene tubes at –20ºC. uCORT levels were measured using a solid-phase 125I radio 
immunoassay (CAC® Rat Corticosterone TKRC1, Diagnostic Products Corporation, Los 
Angeles, USA). Creatinine (Cr) concentrations, indicative for the dilution of urine, were 
determined with the use of a commercial test combination (ABX Diagnostics, Montpellier, 
France) on a COBAS-MIRA-S auto-analyser (ABX, Montpellier, France). 

Statistics
Normal distribution of all data was established using the 1-sample Kolmogorov-Smirnov 
test. Hourly averages of HR, BT and AC of three 4-day periods were calculated (around rat 
introduction from day –1 to day 2, one week later from day 6 to day 9, and another week 
later around rat removal from day 13 to day 16). Correlations between day –1 and the other 
days within these three periods as well as correlations between other days of interest (see 
Table 2 for the exact days) were calculated using a Pearson’s correlation. Bonferroni-
correction was applied because of multiple tests, correlations were considered statistically 
significant when P < 0.002. Telemetry data are presented as mean values ± standard error 
of the means (SEM). 
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Table 1: Correlations between HR, BT or AC compared to Day –1, as indicated by Pearson’s .

Day: 

Urine coll., 
cage cleaning 

& rats 
introduced

0 1 2 6 
Urine coll. 

 7
Cage cleaning 

8

HR -.064 .918* .886* .891* .774* .200 

BT .453 .964* .969* .964* .884* .508 

AC .018 .945* .940* .876* .835* .005 

Day: 9 13 

Urine coll. & 
cage cleaning 

14
Rats removed 

15 16

HR .853* .886* .038 .773* .723*  

BT .973* .969* .452 .949* .936*  

AC .928* .888* .064 .857* .852*  

Bonferroni  = 0.002. * P < 0.001 

uCORT/Cr ratios were analysed using a Linear Mixed Effect Model with Week as 
fixed effect and Mouse ID as random effect. Differences were considered statistically 
significant when P < 0.05. uCORT/Cr data are presented as median values with 
interquartile ranges and highest and lowest non-outlying values. All statistical analyses 
were performed in SPSS for Windows, release 12.1.0. 

Results

Figures 1-3 represent HR (top), BT (middle) and AC (bottom) of the mice in the three time 
periods, averaged per hour. Within-day, HR, BT and AC variation typically showed a 
circadian rhythm with highest levels during the dark period (represented by the dark 
horizontal bars). In Tables 1 and 2, Pearson Correlation Coefficients are listed for HR, BT 
and AC. For all correlations, =0.002 was used to assess significance. HR, BT and AC 
measurements on all days after rat introduction correlated significantly with measurements 
on day –1 (P < 0.001), with the exception of days 0, 8 and 14 (Table 1). On days 0, 8 and 
14, the cages of the mice had been cleaned, resulting in a sharp rise of all three parameters 
immediately following cage cleaning. HR, BT and AC on these days significantly 
correlated with each other (P < 0.001), with the exception of AC between days 8 and 14 
(Table 2). Within the second time period (one week after rat introduction, Figure 2) HR, 
BT and AC on days 6, 7 and 9 correlated with each other (P < 0.001). Furthermore HR and 
BT on day 7 (urine collection) correlated with day 8 (cage cleaning; PHR < 0.004, PBT <
0.001). In the third period (Figure 3), HR on days 13, 15 (rat removal) and 16 correlated 
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significantly with each other (P < 0.001), but not with day 14 (urine collection and cage 
cleaning).

Figure 4 represents uCORT levels corrected for Cr concentration in the urine of the 
mice, prior to rat introduction on day 0, one week after rat introduction (day 7), and two 
weeks thereafter (day 14). No statistical differences between the three days were found. 

Table 2: Correlations between HR, BT or AC on different days, as indicated by Pearson’s .

Days: 0-8 0-14 8-14 6-7 6-8 6-9 7-8 7-9 

HR .684* .649* .621* .745* .191 .822* .569$ .671* 

BT .894* .839* .736* .887* .556 .939* .726* .871* 

AC .891* .753* .532 .842* .048 .892* .300 .799* 

Days: 8-9 13-14 13-15 13-16 14-15 14-16 15-16  

HR .224 .183 .815* .820* .158 .080 .843*  

BT .549 .535 .933* .953* .489 .470 .958*  

AC .007 .056 .841* .864* .056 .023 .904*  

Bonferroni  = 0.002. * P< 0.001, $ P <0.004 (trend) 
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Figure 1: Mean (± SEM) values per hour of heart rate (top panel), body temperature (middle panel) and 
activity (bottom panel) of nine female mice from day –1 until day 2 of the experiment. The separate days 
are indicated by vertical lines, black horizontal bars indicate the dark periods, grey shaded area indicates 
the period before the rats were introduced into the animal room. Correlations are listed in Tables 1 and 2. 
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Figure 2: Mean (± SEM) values per hour of heart rate (top panel), body temperature (middle panel) and 
activity (bottom panel) of nine female mice from day 6 until day 9 of the experiment, when rats were 
present at all times. The separate days are indicated by vertical lines, black horizontal bars indicate the 
dark periods. Correlations are listed in Tables 1 and 2. 
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Figure 3: Mean (± SEM) values per hour of heart rate (top panel), body temperature (middle panel) and 
activity (bottom panel) of nine female mice from day 13 until day 16 of the experiment. The separate days 
are indicated by vertical lines, black horizontal bars indicate the dark periods, grey shaded area indicates 
the period after the rats were removed from the animal room. Correlations are listed in Tables 1 and 2. 
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Figure 4: uCORT/Cr ratio’s of nine mice at 09:00h on day 0, day 7 and day 14 of the experiment. Data 
presented as median values with interquartile ranges and highest and lowest non-outlying values. Outlier 
indicated by an open triangle. No significant differences were found. 

Discussion

The overall conclusion that can be drawn from the current results is that the introduction of 
rats in the animal room did not result in any significant effects on the physiological 
parameters that were measured in the mice. Although Figure 1 shows that at the time the 
rats were introduced in the mouse room, HR, BT and AC of the mice were still recovering 
from the urine collection and cage cleaning procedures a few hours earlier, no direct 
effects of the rat introduction were found, as all three parameters continued to decrease 
until they reached baseline values normal for the time of day. When compared to day -1, 
the only days that did not correlate were those days the cages were cleaned (Table 1). 
Furthermore, the effect of cage cleaning, whether or not combined with urine collection, 
was also seen in the second and third period (Figures 2 and 3) as days 8 and 14 did not 
correlate with the other days within those periods (with the exception of day 7, discussed 
below), whereas the other days did show correlations with each other (Table 2). Although 
visual inspection of HR, BT and AC data indicates a temporary increase after urine 
collection on day 7 (Figure 2), the overall pattern of that day still showed a strong 
correlation with day -1 (Table 1) and days 6 and 9, on which no special treatments took 
place (Table 2). Only the trend in correlation of HR and the absence of correlation of AC 
between days 7 and 8 (Table 2) indicate that the urine collection had some effect on the 
mice, but it seems justified to conclude that urine collection had less impact than cage 
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cleaning. This can be explained by the fact that after cage cleaning the mice may have been 
more active exploring the new cage and rebuilding a nest, whereas after urine collection, 
the mice may have soon gone back to rest.  

In contrast to the results of D’Arbe et al. (2002), Chin et al. (unpublished data) and 
Calvo-Torrent et al. (1999), the results of the current study suggest that the mice did not 
experience stress as a result of the presence of rats. The current study however had two 
major differences compared to the protocols of the other studies. Firstly, this study used 
female mice, whereas in the other three studies male mice had been used. As gender 
differences in both physiology as well as behaviour are common in mice, this might have 
influenced the results. Secondly, and perhaps even more importantly, in the current study 
rats were introduced into the room where the mice had been housed already for months, 
whereas in the other three studies the mice themselves were brought into another room 
than their own, a room that was already occupied by rats. As a consequence, the mice had 
to be transported before they were exposed to the rats. It is known that short, in-house 
transport by itself causes stress in mice (Drozdowicz et al. 1990, Tuli et al. 1995b, Tabata 
et al. 1998), therefore, the preceding transport might have triggered a stress response that 
was continued by the subsequent novelty of the exposure to rats. Further research can 
possibly point out if similar signs of stress are found if mice are shortly transported before 
the introduction of rats into their own room. 

In conclusion, the current results indicate that housing rats and mice in the same 
animal room does not per se mean that mice experience stress and do therefore not support 
legislation based on compromised welfare. However, the stress response to the presence of 
rats might be context dependent and might be different between genders and/or strains. 
Furthermore, this experiment does not give insight into the possible detrimental effects that 
mice may have on rats, hence the claim of gastric ulceration in rats still needs to be 
demonstrated by scientific evidence. 
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BRIEF SUMMARY

The concept of refinement is one of the major issues in the field of laboratory animal 
science and aims at reducing the incidence and severity of painful, distressing or 
discomforting procedures applied to laboratory animals. In the introduction of this thesis, it 
was argued that the term refinement should be extended beyond its original meaning: 
besides the aim to minimise pain and discomfort, refinement should also entail the effort of 
experimenters to obtain the best possible results from their animal experiments or, in other 
words, to acquire reliable and valid data. 

Laboratory animals are subjected to many procedures which are part of daily 
routine. Acute stress responses that can be caused by such procedures should be taken into 
account when collecting data, as they may well influence results. Furthermore, 
environmental factors, which are generally believed to have a significant influence on the 
outcome of experiments, are also likely to influence the acute stress response. The studies 
presented in this thesis were performed to gain a further insight into the acute 
physiological stress response in laboratory mice (Mus musculus) caused by routine 
experimental procedures. It was investigated whether (i) environmental factors influenced 
this acute stress response and had the potential to diminish it; and (ii) how this could be 
assessed by the use of physiological parameters like heart rate (HR) and body temperature 
(BT) as measured by radio-telemetry. The studies were designed to mimic common 
laboratory situations and/or to be easily applicable in laboratory settings.  

Brief summary per chapter
After the general introduction in Chapter 1, Chapter 2 presents a study on responses of 
HR, BT and plasma corticosterone (pCORT) to various routine procedures. As 
hypothesised, HR, and to a lesser extent also BT, paralleled pCORT values after subjecting 
the animals to different methods of restraint, showing a gradual increase with increasing 
intensity of the procedure. In addition, HR and BT were assessed after different injection 
methods and it was found that the acute stress response after intraperitoneal (IP) injection 
was more pronounced than after intramuscular (IM) or subcutaneous (SC) injections. 
Finally, it was investigated whether the level of experience of the animal technician 
influenced the stress response after SC injections, but this yielded no significant effects. It 
was concluded that HR and BT as measured by radio-telemetry could be useful parameters 
for quantifying the effect of an acute stressor as it paralleled the pCORT response, 
although due to the slower response of BT this latter parameter seemed to be less 
informative than HR. 

Chapter 3 presents an experiment which investigated whether husbandry conditions 
would affect the acute stress response in female mice of two inbred strains. Thereto, two 
contrasting husbandry conditions were designed that deliberately combined three factors 
(enrichment, handling and social contact) into one overall variable (minimal: no cage 
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enrichment, infrequent handling and a period of individual housing; or enriched: with cage 
enrichment, frequent handling and social housing at all times) which allowed to assess 
whether HR and BT were sensitive enough parameters to measure effects of husbandry 
conditions on the acute stress response. In addition, body weight, thymus weight and 
tyrosine hydroxylase (TH) activity were measured to assess long-term stress effects. It was 
found that HR and BT showed increased baseline levels in mice after individual housing 
and that the relative recovery time following routine procedures was significantly longer in 
these mice compared to the socially housed groups. Thymus weight and TH activity 
indicated long-term stress in the individually housed mice. No major differences between 
the two strains could be detected. 

As the main factor influencing the acute stress response in chapter 3 was found to be 
the individual housing of the mice, chapter 4 presents a follow-up study in which all mice 
were individually housed at the time of testing. Enrichment and handling regime were 
investigated as independent variables. HR, BT and pCORT were measured to assess acute 
stress after restraint by hand. Thymus weight and TH activity were once more measured to 
investigate long-term stress effects, but no differences between the groups were detected. 
The results obtained from the acute stress parameters suggested that enrichment increased 
the responsiveness of the mice, which could indicate that the provision of cage enrichment 
might result in an increased reactivity during routine procedures. Personal observations of 
the experimenter suggested that the enriched mice were more disturbed by handling and 
restraint than their non-enriched conspecifics. Studies including behavioural observations 
are recommended to investigate this effect of cage enrichment in more detail. Furthermore, 
overlooking the results of this chapter compared with the sometimes divergent results of 
chapters 2 and 3, this chapter ends with the conclusion that HR and BT might be useful 
parameters to compare the acute stress response of different groups within one experiment, 
but that some caution is needed when making comparisons between experiments. 

Chapter 5 presents a study on announcement of and reward after routine 
procedures since studies in rats and pigs had indicated that announced rewards reduced the 
consequences of stress. Mice were repeatedly subjected to a restraint procedure that was 
preceded by a cue and/or followed by a reward. The first results indicated that providing a 
cue prior to the procedure in combination with a reward afterwards reduced the acute stress 
response. However, for unclear causes, this reduction was found to disappear after a few 
days. It was concluded that this outcome deserves to be studied in more detail.  

Chapter 6 presents a more detailed study into one of the restraint methods used in 
chapter 2. This method, placing the mice in a Perspex restrainer for a period of five 
minutes, had shown a rather unexpected decrease of HR and BT during the period of 
restraint. In order to look into this in more detail, electro cardiograms (ECG) were 
analysed for heart rate variability (HRV) to investigate the hypothesis that the activity of 
the parasympathetic nervous system (PSNS) was increased during the period of restraint. 
The results of HRV analysis did not indicate an increased parasympathetic tone in mice 
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during 5 minutes of restraint in a Perspex restrainer, and the reason for the developed 
hypothermia remained uncertain.  

Chapter 7 presents a brief research report on an experiment investigating the use of 
urinary corticosterone (uCORT), instead of pCORT, as a non-invasive measure of acute 
stress in mice. It was demonstrated that uCORT showed an increase in the first two hours 
following the acute stress of an IP injection, but that the values were back to baseline after 
three hours. It was concluded that, compared to the use of plasma corticosterone which 
requires more invasive blood sampling procedures, the use of this parameter can be a 
useful refinement of routine laboratory animal practice. 

In chapter 8, uCORT was assessed together with HR, BT and activity (AC) in order 
to gain more insight into the possible stress in mice provoked by housing rats in the same 
animal room. It was investigated whether a scientific based argument could be found for 
the current guideline which prohibits the combined housing of mice and rats. The results 
showed that for mice, housing rats in their room did not result in detectable disturbances, 
in contrast to cage cleaning, and therefore did not seem to induce excessive stress 
responses compromising their welfare. 

In general, the results have demonstrated that acute stress of routine procedures in 
laboratory mice can be measured by the chosen physiological parameters. Environmental 
factors were found to significantly influence the outcome of the results, although it proved 
to be difficult to assess whether the stress response could actually be diminished by 
adaptation of the husbandry conditions. In the general discussion, the following main 
topics will be addressed: (1) the impact of the environment on the acute stress response 
after routine procedures; (2) the possible effects associated with repeated acute stress; and 
(3) the relevance of the chosen parameters. The general discussion will be completed by 
some concluding remarks. 
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GENERAL DISCUSSION 

Acute stress of routine procedures: impact of environment

The study by Crabbe et al. (Crabbe et al. 1999) showed how factors that are sometimes 
considered to be of minor importance (like the experimenter performing procedures), may 
in fact have a significant influence on the outcome of test results. Crabbe and colleagues 
had tested for effects on behavioural parameters; the experiments described in the current 
thesis demonstrate that also physiological parameters can be affected by environmental 
factors.

Complex, enriched environments make animals smarter (i.e. improve learning and 
memory), more alert, and enables them to cope better with stressful situations (e.g. Renner 
& Rosenzweig 1987, Van Praag et al. 2000, Woodcock & Richardson 2000, Barbelivien et
al. 2006). One example of an almost routinely applied method to enrich the environment is 
the use of radios in animal rooms. Providing a continuous background noise of music and 
radio chitchat during working hours is generally expected to diminish the effects of 
(sudden) noises that cannot be avoided, like an instrument falling on the floor, water 
dripping from a tap or just people entering the room and talking. Although some 
(ultrasound) noises, detectable for rodents, may fall outside the range of broadcasted radio 
music (Milligan et al. 1993, Sales et al. 1999), in a completely silent room, every single 
noise may cause a disturbance and thereby arouse and potentially stress the animals. For 
example, it was found during an experiment in rats that CORT levels were significantly 
increased on those days the rats had been exposed to the noises of routine cage cleaning of 
other rats within the same animal room (Barrett & Stockham 1963).  

The potential benefits of radio music may however also be sought in the effect it 
may have on the animal caretakers, technicians and experimenters. If they appreciate 
music during their work, this might positively affect their mood, which could indirectly 
benefit the animals. However, maybe even more important than their mood, are the 
methods and skills of people performing procedures, as was one of the suggested reasons 
for the variation found in the studies by Crabbe et al. (1999). Indeed it has been 
demonstrated earlier that the effect a procedure may have on the animal can be affected by 
the person performing it (Van Herck et al. 1998, Chesler et al. 2002b). Zethof et al. (1994) 
have shown that training technicians to hold and restrain mice in the same manner resulted 
in equal test results on BT between the individual mice. In experiment 3 of chapter 2 of 
this thesis, no effects of differently experienced technicians could be found in the stress 
response of mice after a SC injection, which might be explained by the fact that the 
recently trained technician had just learned the technique from the experienced technician 
participating in the experiment.  
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Influence of specific environmental factors on the acute stress response 
In the general introduction (chapter 1), it was hypothesised that with the aid of 
environmental factors, routine procedures may become less stressful. As demonstrated by 
Vinke, environmental enrichment can be a key factor in the improvement of housing 
conditions of captive animals (Vinke 2004). In her studies with farmed mink, she 
demonstrated that the provision of basic enrichment in combination with better 
management improved the animals’ well-being, as measured by a decrease in stereotypical 
behaviour and tail biting. Further improvement of the animals’ living conditions, although 
highly appreciated by the animals, showed no further reductions in abnormal behaviours. 
This implies that the impact of environmental factors will differ: some factors should be 
considered essential needs whereas others might be regarded as ‘luxury’. This may also 
apply within the context of this thesis. With respect to the impact of environmental factors 
on the acute stress response, certain factors might be of particular influence, either 
significantly influencing the stress response by itself, or by increasing the effect of others.  

In the different studies described in this thesis, a number of factors showed no 
detectable influence on the acute stress response of mice under the circumstances of the 
study: the experimenter performing the routine procedure (chapter 2), the handling regime 
(chapters 3 and 4), the effect of reward following restraint without a preceding cue (chapter 
5) or the presence of rats in the mouse room (chapter 8). Some other factors however did 
show to have an effect on the acute stress response: individual housing (chapter 3), cage 
enrichment (chapter 4) and the announcement of restraint followed by reward (chapter 5). 

Individual housing 
The results indicated that especially individual housing affected the acute stress response 
of the (female) mice used in these studies. In chapter 3, it was demonstrated that the two 
contrasting husbandry conditions that were designed did not show any differences in the 
acute stress response in both strains of mice, until the moment the mice of the minimal
conditions were individually housed, resulting in a relative slower recovery of HR and BT. 
When this was further investigated in chapter 4, in which all mice were individually 
housed, cage enrichment resulted in an increased response of BT and HR (a more detailed 
discussion on cage enrichment follows below). In the experiment of chapter 3, enrichment 
did not have that same effect, or at least, no increased response of HR and BT was found in 
the enriched groups when all mice were still socially housed. This suggests that individual 
housing was a more determining factor in the stress response than cage enrichment.  

As was already reviewed by Brain in 1975, individual housing affects a broad 
variety of endocrine, neural and behavioural parameters (Brain 1975). More recent studies 
have confirmed these findings. For example, social housing proved to enhance the 
functional recovery in rats with induced spinal cord injury (Zwart 2005), whereas cage 
enrichment did not further contribute (Erschbamer et al. 2006). In addition, social housing 
reduced the effects of social defeat on HR, BT and AC in rats and completely counteracted 
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the body weight loss seen in individually housed rats (De Jong et al. 2005), and also 
counteracted the defeat-induced effects on social memory, social interaction and the 
capability to anticipate for a reward (Von Frijtag et al. 2000). Also in the current 
experiments, individual housing showed long-term effects: baseline HR and BT increased 
during the light period (which is in line with Einstein et al. 2000), suggesting an increased 
activity of the SNS even when the mice were resting. 

The initial positive effect of the CRR condition (cue + restraint + reward) as found 
in the experiment in chapter 5 faded out after a number of trials. This might have been 
caused by the factors that were reviewed in the discussion of chapter 5, or, although highly 
speculative, considering the impact of individual housing in the other experiments, it is 
also possible that the duration of individual housing – which started one week before the 
beginning of the training period – became a progressively more determining factor over 
the weeks, eventually overshadowing the initial positive effects of the CRR procedure. 
Individual housing may thus have sensitised the mice. 

Cage enrichment 
The finding that cage enrichment seemed to increase the responsiveness in the individually 
housed mice in chapter 4 was unexpected, as it is generally agreed that cage enrichment is 
a species-specific behavioural need for mice as well as for rats. It has been demonstrated 
multiple times that mice and rats have a high preference for enrichment items such as 
nesting material and shelters (Van de Weerd et al. 1997a, Sherwin 1997, Van de Weerd et 
al. 1998, Manser et al. 1998a) and will spend energy on gaining access to these resources 
(Sherwin 1996, Manser et al. 1998b), although it has been shown that not all commercially 
available enrichment items will be equally preferred by the animals provided with them 
(Van Loo et al. 2005). Furthermore, the highly rewarding properties of enrichment were 
demonstrated by the high levels of anticipatory behaviour found in standard (i.e. without 
enrichment) housed male rats who were expecting the oncoming transfer to an enriched 
cage; the levels of anticipatory behaviour were found to be comparable to those expressed 
when expecting sexual contact (Van der Harst et al. 2003b). It is speculated that the 
individually housed mice in the enriched cages in chapter 4 showed an increased reactivity 
to the experimental procedure because they could not rely on their shelter to hide from the 
experimenter. Although the major effects of individual housing indicate that social 
companionship is likely to be an essential need for (female) mice, the increased reactivity 
seen with enrichment in these mice might however not lead to the simple conclusion that 
enrichment is only a highly-preferred luxury (c.f. Vinke 2004). As was already discussed 
in chapter 4, the possible acute effect of enrichment cannot be compared to the otherwise 
positive effects seen on the long-term. Also in chapter 4, baseline measures of HR and BT 
indicated higher stress levels in the minimal groups, as did the pCORT measurements 90 
min. after the restraint procedure. Furthermore, the results on thymus weight and TH 
activity in chapter 3 also suggested increased stress in the minimal housed groups, 
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although this might have been accounted for by the individual housing rather than by the 
absence of enrichment, as no differences could be detected between the groups of chapter 
4, which were all individually housed.  

Possible consequences of repeated acute stress 

Chronic Intermittent Stress 
The acute stress responses observed in the experiments in this thesis were all of short 
duration. The physiological parameters that were measured all returned to baseline within 
the time-span of a few hours at most, even though recovery rates varied due to the 
experimentally induced differences of environmental factors. Acute stress responses of 
which the animal readily seems to recover can be considered part of the normal adaptive 
process. Acute stress, however, may develop into a chronic stress state when the incidence 
of stressful events is high and the interval between the events is insufficient for the animal 
to recover, a phenomenon which has become known as ‘chronic intermittent stress’ (CIS; 
Burchfield 1979, Ladewig 2000). The significance of the time interval between stress 
exposures has also been pointed out by Koolhaas et al. which they referred to as the 
temporal dynamics of the stress response (Koolhaas et al. 1997). Over time, the stress 
response can be fundamentally different from one stress parameter to another: some 
processes that are activated may only take a few hours to recover to baseline, whereas 
others will take days or weeks or might even be changed forever. The vulnerability of an 
animal to subsequent stressors may therefore alter at the different time points following the 
initial stress exposure. In the studies described in this thesis, the interval between 
procedures was usually much longer (up to one week) than the time needed to recover 
from them, which was found to be one to two hours, according to the parameters that were 
assessed. Only the experiment in chapter 5, investigating the effects of announcement and 
reward, used shorter intervals between the applied routine procedures. In this study, the 
mice were subjected to four trials of restraint per day, which took place with an interval of 
1 hour and 45 minutes. Neither the experimental groups receiving (announced) rewards 
associated with the restraint procedure (groups RR and CRR), nor the group subjected to 
the restraint procedure alone (group R) showed signs of an increasing stressor intensity 
over the trials.  

Increasing stressor intensity, expressed by an increased stress response compared to 
control values, may be the result of CIS, but may also develop as a result of high intensity 
stressors, and may even be the result of a single major stress experience (Van Dijken et al.
1993). This process is also known as sensitisation; if this occurs, stress responses can be 
induced by a wide variety of stressors. Even though in the current thesis specific 
environmental factors were found to alter the acute stress response, there were no 
indications that the mice showed sensitisation after repeated exposure to the procedures, 
although sensitisation might not always be detectable in every parameter. For instance, 
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sensitisation of blood pressure (BP) was shown in rats two weeks after a single footshock 
experience, whereas no sensitisation could be detected for HR (Bruijnzeel et al. 2001) and 
the same was true for pCORT in comparison to ACTH (Van Dijken et al. 1993).  

The current studies did not indicate CIS or sensitisation; however, no signs of 
habituation were found either. Habituation is reflected by a decreasing stress response to 
initially stressful stimuli, which allows the animal to save energy sources. Like 
sensitisation, it may occur when the interval between stressful events is short, and it 
depends largely on the intensity of the stressor. High intensity stressors will not show 
habituation over time, but rather result in sensitisation. Habituation will occur when an 
animal has learned the stressor is harmless (Cabanac & Briese 1992) and has for example 
been demonstrated in rats, showing a decrease in pCORT, catecholamines and prolactine 
responses with repeated sessions of forced sitting in water (Yelvington et al. 1985, De 
Boer et al. 1990), an effect which attenuated when the interval between the sessions was 
extended (De Boer et al. 1990). In the current experiments, no indications were found that 
the stress response diminished during the course of the subsequent trials within the 
experiments, either when using a relative long interval of once a week or during short 
interval sessions with multiple exposures per day. However, the initial positive effect of 
announced restraint followed by reward in chapter 5 demands for further research. 

Allostatic overload 
A distinction should be made between the (short-term) effects environmental factors may 
have on the acute stress response caused by routine procedures, and the long-term changes 
in baseline values that may be found as a result of (stressful) environmental factors. 
Although mainly based on human subjects, McEwen and colleagues developed a theory on 
the cumulative effects of subsequent or simultaneous stress conditions, which was referred 
to as ‘allostatic overload’ (McEwen & Seeman 1999, McEwen 2000, McEwen & 
Wingfield 2003). Allostasis is defined as ‘achieving or maintaining stability through 
change’ and differs from the more common known concept of homeostasis in that it 
involves the change of bodily set points due to variations in e.g. environment or life history 
stage. Allostatic overload is defined as the state in which the body is unable to cope with 
these changes. Evaluation of allostatic parameters (e.g. cardiovascular or hormonal) can be 
achieved by the assessment baseline or ‘resting’ levels of these parameters (McEwen & 
Seeman 1999). The increased daytime baseline values of HR and BT found in the 
individually housed mice in chapters 3, 4 and 5, comparable to the results of Einstein et al.
(2000), can be seen as an indication of (the development of) allostatic load, as it indicates 
an over-activation of the SNS. They also confirm the theories of Koolhaas et al.,
demonstrating that under certain circumstances, parameters may be chronically altered 
(Koolhaas et al. 1997). Furthermore, individual housing of the mice in the minimal groups 
in chapter 3, resulting in an over-activation of the SNS, may have been the cause of the 
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altered recovery rate of HR and BT after the subsequent acute stress of the experimental 
routine procedures.  

Assessment of acute stress in laboratory mice 

In stress research, a wide variety of endocrine, cardiovascular, immunological, 
neurological and behavioural parameters is employed to study either acute, short-term 
effects as well as chronic, long lasting effects. Certain parameters show significant changes 
within moments after an animal is aroused, and as such require careful planning in terms of 
method and time of sampling (e.g. catecholamines). Other parameters may change slowly 
and can only be measured post-mortally (e.g. thymus weight and TH activity). It is 
essential to establish the correct moment of measurement, as was for example 
demonstrated in chapter 7 of this thesis, showing that urinary CORT could be used as a 
parameter of acute stress during the first two hours after stress exposure, but was prone to 
increased variation at the 2h time point. The need to establish the right time point was also 
demonstrated by Hennessy et al., who unexpectedly found that ACTH responses did not 
match CORT responses, which could presumably be attributed to the moment of testing 
(15min post-stress, Hennessy et al. 1979). Furthermore, distinct parameters may show a 
discrepancy in effect, as can be concluded from the differential results found in studies on 
sensitisation (Van Dijken et al. 1993, Bruijnzeel et al. 2001) or habituation, as it was for 
instance demonstrated that although habituation was expressed in behaviour, no changes 
were found in HR measurements (Nijsen et al. 1998). This also points out the benefits of 
autonomic parameters such as HR and BT, which in principle can not be subject to 
inhibition, as may for instance occur in behaviour. 

Relevance of HR and BT as physiological parameters of acute stress 
HR and BT as measured by radio-telemetry were chosen as the main parameters in the 
current study, as there is a growing body of studies using these parameters in relation to 
routine procedures in the laboratory (as summarised in the general introduction in chapter 
1, e.g. Harkin et al. 2002, Sharp et al. 2003c). These parameters have become popular in 
the assessment of acute stress, because after the initial invasive procedure of transmitter 
implantation, radio-telemetry techniques allow parameters to be measured in freely 
moving animals, unlike many other parameters which will for example involve blood 
sampling. It should however be noted that the implantation procedure itself may be of 
significant importance. In the studies by Ishii et al. and Gehrmann et al., basal HR was 
found to be 627 bpm and 724 bpm respectively during the light period (Ishii et al. 1996, 
Gehrmann et al. 2000), which is high for mice during rest (c.f. Kramer et al. 1993) and, as 
mentioned before, points at an increased activity of the SNS. As Gehrmann et al. argued 
themselves, the increased basal value was likely to be caused by the location of the 
transmitter, which was implanted subcutaneously at the back. In contrast to intra-
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abdominal implantation (Baumans et al. 2001), so far no studies have been performed to 
objectively investigate the effect of subcutaneously implanted transmitters on the collected 
parameters and/or the possible welfare implications involved. 

Nevertheless, once the transmitter has been implanted correctly and the animal is 
fully recovered, radio-telemetry provides a sensitive technique, as could be demonstrated 
in chapter 8, where the effect of routine cage cleaning was clearly detectable, even during 
24 hour measurements with HR and BT data averaged per hour. However, the results of 
the current thesis, in particular those of chapters 3-5, have also pointed out that HR and BT 
during acute stress measurements may be rather context dependent, and therefore difficult 
to interpret. The reason for this may be twofold.  

Firstly, the acute stress response itself may vary. As has been demonstrated, 
environmental factors can significantly alter the stress response. Furthermore, there may be 
individual differences in reactivity between animals, subdividing them in animals who 
follow a ‘(pro)active’ strategy and animals who follow a ‘passive’ or ‘reactive’ strategy. 
Proactive individuals are characterised by a higher sympathetic activation and lower 
activity of the HPA axis, whereas passive or reactive individuals show an increased 
activity of the PSNS and higher activity of the HPA axis (Koolhaas et al. 1999), which can 
for example be illustrated by the differential effect of social isolation in proactive and 
reactive growing gilts (Ruis et al. 2001) and of stressor intensity and habituation on the 
adrenocortical stress response in high and low responding rats (Natelson et al. 1988). As 
the acute stress response is significantly influenced by the autonomic nervous system, 
individual differences may result in a higher variation within groups (Vogel & Jensh 
1988). Although individual variation in the experiments described in this thesis was kept to 
a minimum through standardisation by the use of inbred strains, the influence of individual 
differences between the mice cannot be fully excluded.  

Secondly, HR and BT may show a natural variation, independent of the stress 
response. As was already pointed out in the introduction, HR and BT are stimulated by 
common factors such as metabolism or regular activity. It may therefore be difficult to 
distinguish acute stress from normal arousal, and there will probably be overlap between 
the two. Furthermore, baseline levels may vary considerably due to environmental factors, 
as was for instance shown in chapter 3. Differences in baseline values may be corrected 
for, though it has been stated that an uncorrected analysis is to be preferred when the 
potential value of the correction is in doubt (Lewis 1999). Therefore, baseline corrections 
in the current project were applied when showing a significant difference between the 
groups, and not in case of equal values, as in chapter 2.  

Although the acute stress response caused by routine procedures was clearly 
demonstrated by changes in HR and BT, and the intensity of the stress response correlated 
with CORT measurements, as was demonstrated in chapter 2, the context dependence of 
the parameters requires caution when interpreting. As was concluded at the end of chapter 
5, HR and BT are useful parameters to compare the acute stress response of different 
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groups within one experiment, but may be less reliable when making comparisons between 
experiments. Therefore, in chapter 6, it was investigated whether a more detailed 
measurement of cardiovascular activity, namely an analysis of HRV derived from the ECG 
waveforms, could provide a better insight into the acute stress response, as it allows 
distinguishing between SNS and PSNS activity. Indeed the analysis gave a more detailed 
look into the effects of short-term restraint in mice, although the hypothesis related to the 
study – activation of the PSNS during short-term restraint - had to be rejected. However, it 
should be noted that HRV may show an overall decrease during maximum physical 
exercise or HR frequency (Arai et al. 1989, Stiedl & Spiess 1997), suggesting that also this 
parameter should be used with caution during acute stress situations associated with 
maximal HR levels. 

Activity and behaviour 
In this thesis, the emphasis was put on physiological parameters, and limited data on 
behaviour has been presented. Although the telemetry system that was employed allowed 
the assessment of activity (AC) levels, it was decided not to fully analyse and present those 
in each experiment. The reason for this was twofold.  

Firstly, it was likely that not all active behaviour was being scored as ‘activity’ by 
the system. In the user manual (DataQuest A.R.T version 2.3; DataSciences International, 
St Paul, MN, USA), AC has been defined as ‘any signal indicating relative animal activity 
movement (…) reported in units of counts per minute’. Thus, this implied that only spatial 
movements relative to the receiver underneath the cage could be detected, and other, non-
spatial activities such as grooming or eating most likely not, which was confirmed by the 
manufacturer (personal communication). It was therefore also unclear how the system 
calculated and expressed AC into counts per minute, and the acquisition of biased, 
arbitrary data seemed likely.  

Secondly, the value of the parameter for the specific experimental set-up was 
investigated at the beginning of the project. Although others have presented data on AC in 
relation to acute stressors (e.g. Sharp et al. 2002a, Sharp et al. 2003c), the analysis method 
chosen in the current project resulted in inconclusive patterns. It was therefore decided that 
the parameter provided no substantial value to answer the scientific questions that were 
raised.  

By now, preliminary results from a pilot experiment, designed to simultaneously 
collect data of the radio-telemetry system and data of an automated behaviour registration 
device, have demonstrated that AC as measured by radio-telemetry entails more than 
purely spatial movements (Sommer et al. 2005). Although this has given a better insight 
into the denotation of the parameter, AC as measured by radio-telemetry does not seem to 
be the option of choice to assess acute stress, despite the fact that it would be easily 
available in already telemetered animals. For a thorough and reliable behavioural 
assessment of stress, detailed observations will be necessary. General activity as measured 
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in counts per minute by radio-telemetry will not be able to replace the specificity of a 
behavioural ethogram.  

Concluding remarks 

Refinement of animal experimentation aims to reduce pain and distress, but also to acquire 
reliable and valid results. Routine experimental procedures in the laboratory have been 
demonstrated to cause acute stress responses in mice, and certain environmental factors 
(e.g. individual housing) have been found to influence this stress response whereas other 
factors showed little effect. The results of the current studies have thereby illustrated the 
relevance of further research to evaluate the effects of routine procedures and the impact of 
environmental factors. For now, it can be stated that basal values of HR, BT or CORT 
should not be assessed directly after the animals have been subjected to routine procedures. 
A recovery period of at least one to two hours is recommended, which is in accordance 
with Billing (Billing 2005) and Zethof et al. (Zethof et al. 1994).  

The results of the current studies did not indicate habituation of the mice to the 
routine procedures, but neither long-term effects of the procedures could be found. The 
acute stress responses all seemed to fall within the adaptive abilities of the mice, and the 
routine procedures performed in this thesis are therefore not considered to cause lasting 
harm, and as such are no major challenge to the well-being of the mice. It should however 
be emphasized that most studies in this thesis were performed with female C57BL/6 mice. 
As mentioned in the introduction, sex and strain differences are commonly found in many 
experiments. Thus, although largely supported by the results of chapter 3 as well as 
findings of others in both mice and rats of different sex and strains, the current results 
cannot simply be extrapolated to mice in general.  
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NEDERLANDSE SAMENVATTING 

Het streven naar vervanging, vermindering en verfijning van het proefdiergebruik (“de drie 
V’s”) vormt een centraal thema binnen de proefdierkunde. Bij het opzetten en uitvoeren 
van een dierexperiment zijn onderzoekers allereerst verplicht om na te gaan of er 
mogelijkheden zijn om het gestelde doel te bereiken zonder gebruik te maken van 
proefdieren, bijvoorbeeld door het toepassen van cel- of weefselcultures, 
computermodellen of audiovisuele middelen (Vervanging). Indien dit niet mogelijk is dient 
getracht te worden om door middel van bijvoorbeeld standaardisatie van zowel de dieren 
en hun omgeving, alsook van de experimentele omstandigheden, en door verbetering van 
statistische analysemethodes, het aantal benodigde dieren te reduceren (Vermindering). De 
laatste V (Verfijning) beoogt pijnlijke, stressvolle en/of ongerief veroorzakende procedures 
tot een minimum te beperken en het welzijn van dieren zoveel mogelijk te bevorderen.  

Dit proefschrift heeft betrekking op de verfijning van het gebruik van proefdieren, 
maar de originele betekenis van dit begrip is uitgebreid. Verfijning zou niet alleen moeten 
staan voor vermindering van pijn en ongerief, maar ook voor het verkrijgen van 
betrouwbare en juiste onderzoeksresultaten, zonder welke elk experiment in feite 
waardeloos is. 

Proefdieren ondergaan veel verschillende handelingen die deel uitmaken van de 
dagelijkse routine in het laboratorium, zoals het verschonen van de kooi, het gehanteerd en 
gefixeerd worden, het ondergaan van injecties of bloedafnames maar ook van chirurgische 
ingrepen. Van een deel van deze handelingen wordt verondersteld dat zij de dieren slechts 
gering ongerief bezorgen, maar desondanks kunnen deze toch acute stress veroorzaken. 
Hiermee moet rekening worden gehouden tijdens het verzamelen van gegevens, omdat de 
acute stressrespons de testresultaten kan beïnvloeden. Omdat daarnaast bekend is dat 
omgevingsfactoren (waaronder factoren in de huisvesting, bijvoorbeeld met of zonder 
kooiverrijking en/of kooigenoten) een belangrijke invloed hebben op proefdieren, kan 
worden aangenomen dat deze omgevingsfactoren ook van invloed zijn op de acute stress 
respons.  

De experimenten die gepresenteerd worden in dit proefschrift zijn uitgevoerd om 
een beter inzicht te krijgen in de acute fysiologische stressrespons van muizen (Mus
musculus), veroorzaakt door routinehandelingen in het laboratorium. Onderzocht werd of 
a) omgevingsfactoren deze acute stressrespons beïnvloeden en zo ja, of deze de 
stressrespons kunnen verminderen; en b) of dit bepaald kan worden aan de hand van 
fysiologische parameters zoals hartslag (HR) en lichaamstemperatuur (BT), gemeten met 
behulp van radio-telemetrie. De experimenten werden zodanig opgezet dat ze zoveel 
mogelijk overeenkwamen met gangbare laboratoriumomstandigheden en/of op een manier 
die eenvoudig toepasbaar is. 
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Korte samenvatting per hoofdstuk 
Na een algemene introductie in hoofdstuk 1, wordt in hoofdstuk 2 een experiment 
beschreven waarbij in eerste instantie het effect van verschillende fixatiemethoden 
(optillen aan de staart, korte fixatie met de hand of fixatie in een plexiglas restrainer) op 
HR, BT en plasmacorticosteron (pCORT) onderzocht werd. De hypothese dat de HR-
respons, en in mindere mate ook de BT-respons, parallel zouden lopen met de waardes van 
pCORT kon bevestigd worden. De parameters vertoonden een stijging naarmate de 
intensiteit van de fixatieprocedure toenam. Vervolgens werden in dit hoofdstuk de HR en 
BT van muizen bepaald na het ondergaan van verschillende injectiemethoden. Hierbij 
werd gezien dat de acute stressrespons na een injectie in de buikholte (intraperitoneaal) 
groter was dan na een injectie in de dijbeenspier (intramusculair) of onder de huid 
(subcutaan). In een derde experiment werd onderzocht of het verschil in werkervaring van 
twee verschillende biotechnici de stressrespons als gevolg van een subcutane injectie zou 
beïnvloeden, maar hier werden geen significante verschillen gevonden. De conclusie van 
dit onderzoek was dat HR en BT, stressvrij gemeten met behulp van telemetrie, goede 
parameters kunnen zijn voor het kwantitatief meten van acute stress bij muizen. Echter, BT 
was mogelijk een minder informatieve parameter vergeleken met HR, gezien de langzamer 
verlopende reactie bij acute stress.  

In hoofdstuk 3 wordt een onderzoek gepresenteerd waarin gekeken is naar het 
effect van huisvestingscondities op de acute stressrespons bij muizen van twee 
verschillende inteeltstammen. Er werd onderzocht of HR en BT voldoende gevoelige 
parameters waren om dit mogelijke effect te meten. Daartoe werden twee contrasterende 
huisvestingscondities ontworpen waarbij drie verschillende factoren (kooiverrijking, 
hanteerregime en sociaal contact) gecombineerd werden tot één variabele (minimaal: geen 
kooiverrijking, zo min mogelijk hanteren en een periode van individuele huisvesting; of 
verrijkt: met kooiverrijking, regelmatig hanteren en sociale huisvesting gedurende het hele 
experiment). Het bleek dat de basaalwaardes van HR en BT stegen nadat de minimaal
gehuisveste groep individueel gehuisvest was en dat na deze individuele huisvesting de tijd 
die deze muizen nodig hadden om te herstellen van de routinehandelingen (intraperitoneale 
injectie of fixatie met de hand) relatief toenam in vergelijking met de sociaal gehuisveste 
muizen van de verrijkte groep. De postmortaal bepaalde thymusgewichten en tyrosine 
hydroxylase (TH) activiteit van de bijnieren duidden op chronische stress bij de muizen 
van de minimaal gehuisveste groep. 

Omdat de grootste effecten in hoofdstuk 3 gevonden waren tijdens individuele 
huisvesting, werd in hoofdstuk 4 een vervolgonderzoek opgezet waarin alle muizen 
individueel gehuisvest werden. Verrijking en hanteerregime werden nu getest als 
onafhankelijke variabelen. HR, BT en pCORT werden gemeten om de acute stress als 
gevolg van korte fixatie met de hand te bepalen. Opnieuw werden ook thymusgewicht en 
TH-activiteit postmortaal bepaald, maar er werden voor deze parameters geen verschillen 
gevonden tussen de groepen. De resultaten van de HR en BT suggereerden dat 
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kooiverrijking leidde tot een toegenomen reactiviteit tijdens de routinehandelingen. Deze 
vinding werd bevestigd door de persoonlijke observaties van de uitvoerder van het 
experiment, die erop duidden dat de muizen met verrijking sterker reageerden dan de 
muizen zonder verrijking. Het is daarom aan te raden om bij vervolgstudies ook 
gedragsobservaties uit te voeren, zodat mogelijke effecten van kooiverrijking meer in 
detail kunnen worden onderzocht. Daarnaast moet worden benadrukt dat kooiverrijking 
over het algemeen een stressreducerende werking heeft, en dat de invloed van 
kooiverrijking op de acute stressrespons, zoals opgewekt in het huidige experiment, 
daarom anders moet worden beoordeeld dan kooiverrijking onder chronische 
omstandigheden. 

Omdat de resultaten van de hoofdstukken 2 t/m 4 niet volledig consistent waren, 
werd aan het eind van hoofdstuk 4 de conclusie getrokken dat HR en BT goede parameters 
voor acute stress kunnen zijn als het gaat om het vergelijken van verschillende groepen 
binnen een experiment, maar dat voorzichtigheid geboden is met het maken van 
vergelijkingen tussen experimenten.  

Hoofdstuk 5 presenteert een studie naar de effecten van het aankondigen en het 
naderhand belonen van routinehandelingen op de acute stress respons bij muizen, omdat 
studies met ratten en varkens hebben aangetoond dat aangekondigde beloningen de 
negatieve gevolgen van stress kunnen verminderen. Daarom werden muizen herhaaldelijk 
kort met de hand gefixeerd, waarbij de handeling werd voorafgegaan door een 
(akoestische) stimulus en/of werd gevolgd door een beloning in de vorm van iets lekkers. 
De eerste resultaten wezen erop dat het aankondigen van de procedure in combinatie met 
de beloning achteraf inderdaad de acute stressrespons verminderde. Dit effect verdween 
echter na enkele dagen. Omdat het effect de eerste dagen wel duidelijk aanwezig was, 
werd geconcludeerd dat dit verder onderzoek verdiend. 

In hoofdstuk 6 werd onderzocht of de hartslagvariabiliteit (HRV), bepaald aan de 
hand van het elektrocardiogram (ECG), meer inzicht zou kunnen geven in de acute 
stressrespons bij muizen. HRV-analyse geeft de mogelijkheid een onderscheid te maken 
tussen de parasympathische en sympathische activiteit van het autonome zenuwstelsel. 
Eén van de fixatiemethodes uit hoofdstuk 2 (vijf minuten fixatie in een plexiglas 
restrainer) werd verder bestudeerd, omdat was gevonden dat tijdens de fixatieperiode de 
HR en in het bijzonder de BT van de muizen daalden. Aan de hand van de HRV-analyse 
zou bepaald kunnen worden of de parasympaticus (het onderdeel van het autonome 
zenuwstelsel dat ervoor zorgt dat een individu tot rust komt en energiebronnen spaart en/of 
opbouwt) mogelijk meer actief was tijdens de fixatie procedure. De uitkomst van de HRV-
analyse toonde aan dat er als gevolg van de acute stress verschuivingen plaatsvonden in de 
activiteit van het autonome zenuwstelsel, maar er waren geen aanwijzingen dat de 
parasympaticus actiever werd. De reden voor de daling in BT blijft daarom vooralsnog 
onduidelijk. 
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Hoofdstuk 7 presenteert een kort onderzoeksrapport naar de mogelijkheid om urine 
corticosteron (uCORT), als alternatief voor pCORT, te gebruiken als niet-invasieve 
parameter voor het meten van acute stress bij muizen. Het kon worden aangetoond dat 
uCORT verhoogd was gedurende de eerste twee uren na het ondergaan van een 
intraperitoneale injectie, en dat de waardes na drie uur weer terug waren op basaal niveau. 
Geconcludeerd wordt dat het bepalen van uCORT, vergeleken met het bepalen van 
pCORT waarvoor het nodig is bloed te verzamelen,  een geschikte methode van verfijning 
is.

In hoofdstuk 8 werden HR, BT, activiteit (AC) en uCORT gemeten in muizen vóór, 
tijdens en na het plaatsen van drie kooien met ratten in de dierkamer waarin de muizen 
gehuisvest waren. Het experiment had als doel meer inzicht te krijgen in de stress die 
hierdoor mogelijk veroorzaakt zou kunnen worden bij de muizen. Hiermee zou een 
wetenschappelijke basis gegeven kunnen worden aan de huidige regelgeving die verbiedt 
om muizen en ratten in dezelfde dierkamer te huisvesten, maar waarvoor op dit moment 
een duidelijke onderbouwing ontbreekt. De resultaten toonden echter aan dat het 
introduceren van ratten in de dierkamer voor de muizen minder verstoring gaf dan het 
verschonen van de kooien. Er waren geen tekenen dat er sprake was van zodanige stress 
dat het welzijn van de muizen benadeeld werd.  

Over het geheel genomen tonen de resultaten van dit proefschrift aan dat acute stress bij 
muizen als gevolg van routinehandelingen in het laboratorium kan worden gemeten met 
behulp van de gebruikte fysiologische parameters. Omgevingsfactoren bleken de resultaten 
van de experimenten significant te beïnvloeden, maar het bleek moeilijk vast te stellen of 
de stressrespons hierdoor daadwerkelijk verminderd kon worden. In de algemene discussie 
van hoofdstuk 9 is nader ingegaan op een aantal hiermee samenhangende aspecten. 
Allereerst wordt vastgesteld dat met name individuele huisvesting een bepalende factor is 
bij de acute stressrespons. Muizen die individueel gehuisvest zijn vertonen een veranderde 
stressrespons; zij reageren anders op kooiverrijking dan hun sociaal gehuisveste 
soortgenoten, en mogelijk werd ook het positieve effect van het aankondigen en naderhand 
belonen van de routinehandeling in hoofdstuk 5 in een later stadium negatief beïnvloed 
door de individuele huisvesting. De resultaten tonen verder aan dat zelfs bij regelmatige 
herhaling van de routinehandelingen deze geen chronische stress of sensitisatie 
(overgevoeligheid voor stress) lijken te veroorzaken. Het kan daarom verondersteld 
worden dat de stressrespons als gevolg van routinehandelingen valt binnen het adaptieve 
vermogen van de muis. Dit betekent echter niet dat men er dus geen rekening mee hoeft te 
houden, want de muizen vertoonden ook geen habituatie (gewenning) aan de handelingen.  

Als laatste worden HR en BT besproken en bediscussieerd als parameters voor 
acute stress. Ondanks het gegeven dat het verloop van deze parameters in hoofdstuk 2 
parallel liep aan die van pCORT, moet worden vastgesteld dat de parameters afhankelijk 
zijn van de proefomstandigheden en daarom met de nodige voorzichtigheid geïnterpreteerd 
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moeten worden. In de uiteindelijke conclusie wordt de aanbeveling gedaan dat, voor het 
vaststellen van basaalwaardes van HR en BT, minimaal een herstelperiode van één tot 
twee uur in acht genomen dient te worden in het geval dat een muis voorafgaand aan de 
meting een routinehandeling heeft ondergaan.  
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DANKWOORD 

Lang heb ik uitgekeken naar dit moment: mijn dankwoord zou ik gaan schrijven als verder 
álles af zou zijn. Nu is het zover.  

Ik ga beginnen bij de muizen, want zonder deze prachtig mooie en leuke diertjes 
had dit onderzoek niet uitgevoerd kunnen worden. Echt bedanken kan ik ze niet, maar het 
is wel iets om bij stil te staan. Bij de experimenten en bij de verzorging van de muizen heb 
ik altijd veel hulp gekregen van de medewerkers van het GDL. Met name Anja van der Sar 
(ook een erg leuke reisgenote in de VS!) en Kees Brandt wil ik bedanken, zij hebben 
regelmatig meegewerkt aan experimenten en leerden mij om zelf zenders te implanteren. 
Maar ook Helma Avezaat, Jan Smits, Janine de Grouw, Romy van Geffen, Ron 
Timmermans, Toon Hesp en alle anderen: bedankt voor jullie hulp, advies en alle 
weekendcontroles!  

Zenderimplantaties leerde ik van Anja en Kees, maar mijn voornaamste begeleiding 
lag bij mijn co-promotor Vera Baumans en mijn promotoren Bert van Zutphen en Berry 
Spruijt.  

Vera, je bent een fantastische, zeer betrokken begeleidster. Het was even slikken 
(voor ons beide) toen je na een paar maanden aankondigde hoogleraar te worden in 
Zweden, maar je hebt bewezen dat je letterlijk en figuurlijk vrijwel overal tegelijk kunt 
zijn. Zelfs wanneer je aan het werk was in Zweden, cursussen of presentaties gaf waar ook 
ter wereld, of tijdens je vakanties: je was er. Als dat nodig was dan nam je vanaf een 
Grieks strand rustig een uur de tijd om telefonisch experimenten, teksten of andere zaken 
met me door te spreken. Ik hoop dat je nog meer zult gaan genieten van de rust van het 
Griekse strand als je straks écht vrij bent;  ( m)! 

Bert, emeritus hoogleraar Proefdierkunde inmiddels, ik ben blij dat je na je 
emeritaat mijn promotor bent gebleven. Je rust, je vermogen om na een uitgebreide 
discussie over de opzet of resultaten van een experiment de boel samen te vatten en 
duidelijk te stellen waar het nu eigenlijk écht om ging en je kritische manier van lezen 
hebben mij heel erg geholpen bij de totstandkoming van dit proefschrift. Bedankt voor 
alles.

Berry, jij was degene die me tipte over de AiO-plaats bij Proefdierkunde. Bedankt 
voor die tip en bedankt dat je als promotor, eerst op afstand in de barak maar de laatste 
jaren dichtbij in Nieuw Gildestein, me met kritische raad & daad geholpen hebt bij mijn 
onderzoek. Ik ben heel benieuwd of het gaat lukken de resultaten van het experiment uit 
hoofdstuk vijf verder uit te diepen. 

En dan de vele collega’s en oud-collega’s die op allerlei manieren een bijdrage 
hebben geleverd. Anita Bonné, Harry Blom, Harut Avsaroglu, Marijke Laarakker, Pascalle 
van Loo, Pim Rooymans en René Sommer hebben allemaal in meer of mindere mate 
meegeholpen bij het uitvoeren van de experimenten. Inez Lemmens, Giet Lankhorst en 
Xandra Fielmich waren onmisbaar voor de TH en corticosteron bepalingen (en Jeanette 
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Wolfswinkel voor het gebruik van de telapparatuur) en ook Ria den Bieman heeft me 
regelmatig geholpen op het lab. Klaas Kramer was een geweldige hulp bij het wegwijs 
worden in de wereld van de telemetrie. Cas Kruitwagen (van het Centrum voor 
Biostatistiek) heeft me fantastisch geholpen bij het statistisch analyseren van de data en 
ook bij Hein van Lith en Pascalle van Loo kon ik daarvoor altijd terecht met mijn vragen. 
Irene Bos, Lidewij Jansen van Galen, Monica Oostveen, Marlies van Maren, Stephan van 
Meulebrouck en Tonneke Smit hebben me altijd geholpen bij het afhandelen van 
secretariële en administratieve zaken, en manager bedrijfsvoering Petra Barendregt hielp 
me een verlenging voor mijn project te krijgen zodat ik ondanks MHV- en andere crises 
toch alles goed kon afronden. Halverwege mijn promotieonderzoek werd Bert van Zutphen 
opgevolgd door Frauke Ohl als hoogleraar Proefdierkunde. Frauke, het was voor jou 
volkomen vanzelfsprekend dat Bert mijn promotor zou blijven, maar je interesse in het 
onderzoek en bijvoorbeeld ook het kritisch lezen van het manuscript van hoofdstuk drie 
hebben mij zeker geholpen bij de voltooiing ervan, bedankt daarvoor. 

Voordat ik bij proefdierkunde aan de slag ging heb ik een tijd lang stage gelopen en 
gewerkt onder begeleiding van Ruud van den Bos. Ik heb toen ook een erg leuke en 
leerzame tijd gehad en door Ruuds’ enthousiasme en zijn vertrouwen in mij kreeg ik steeds 
meer lol in het doen van onderzoek. Claudia Vinke was uiteindelijk degene die me ervan 
overtuigde dat ik een promotieonderzoek zou kunnen beginnen. Van Annemarie Baars en 
Johanneke van der Harst leerde ik het werken met en verzorgen van ratten, ervaring die me 
later ook goed van pas kwam toen ik met de muizen aan de slag ging. 

Door de fusie in 2004 van de hoofdafdelingen Proefdierkunde en Dier & 
Maatschappij werden de medewerkers van D&M weer mijn directe collega’s en waren er 
ineens genoeg AiO’s voor een heus AiO overleg, waar we nieuwe proefopzetten en 
resultaten bespraken en natuurlijk ons hart konden luchten. Dames én heer van het AiO 
overleg: heel veel succes met jullie eigen promoties! 

Alle collega’s die er in de loop van de jaren geweest zijn, zeker ook hen die ik hier 
niet bij naam genoemd heb: ik heb me altijd thuis gevoeld op de afdeling, ik zal jullie gaan 
missen. Gelukkig heb ik al gehoord dat ik nog steeds mee naar de bioscoop mag wanneer 
er een nieuwe Harry Potter uitkomt.  

Tijdens mijn promotieonderzoek hebben drie studentes bij mij stage gelopen. 
Daphne Schot, Nicole Bakker en Yvonne Simon: bedankt voor jullie inzet en 
enthousiasme. Ik ben eigenlijk wel heel nieuwsgierig hoe het nu met jullie gaat… 

Maarten van Emst: een speciaal bedankje aan jou vanwege de prima samenwerking 
aan hoofdstuk zes. Ik denk dat ik zonder twijfel kan stellen dat het hoofdstuk er zonder 
jouw inbreng niet geweest was. Heel erg bedankt daarvoor en ik ben blij dat je laatste 
auteur bent geworden. 

Otto van de Beek van de werkplaats: bedankt voor het leveren van de nauwkeurig 
gemaakte onderdelen die onmisbaar waren voor de goede uitvoering van het onderzoek. 
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Twee leden van de beoordelingscommissie wil ik bedanken voor hun eerdere 
bijdrage aan mijn project: René Remie voor zijn hulp en inzet bij het opstarten van het 
onderzoek en Merel Ritskes omdat ik een week mocht rondkijken en meelopen in het 
dierenlab van de Universiteit van Odense, een heel leerzame ervaring. 

Anne Brumagim, Steve Hachtman, Dan Huetteman, Bob Brockwell and everyone 
else at DataSciences International: thank you for helping me to understand and work with 
the telemetry system. Although I’ve had my troubles with it, problems were always solved 
swiftly thanks to you all. 

Not all PhD students get the chance to write grant applications and to travel to the 
USA twice a year once their grant has been awarded. The Center of Alternatives to Animal 
Testing, and in particular Prof. Dr. Alan Goldberg, has given me this opportunity, and I’m 
very grateful for the confidence placed in me. I’ve learned a great deal from each of the 
refinement meetings, for which I would also like to thank the other grantees, in particular 
Alicia Karas, Dan Weary and Norman Peterson, who came all the way to The Netherlands 
after I initiated a meeting in Utrecht. 

Alle mensen van Metris en in het bijzonder Ronald Bulthuis: bedankt voor de 
prettige samenwerking en jullie technische ondersteuning, ook toen het telemetriesysteem 
onverklaarbare kuren bleek te vertonen. 

Marlies – allemachtig wat ben ik prachtig – Rekkers: bedankt voor je geweldige, 
onmisbare hulp en veel succes bij het afronden van je eigen promotieonderzoek. 

Mijn twee paranimfen Naomi Blindeman en René Sommer. Naomi, paranimf plus, 
want ontwerpster van de kaft van dit boekje en kritisch lezeres van onder andere dit 
dankwoord: ik ben heel erg blij met je enthousiasme en inzet en dat terwijl je het al zo 
ontzettend druk hebt met je eigen werk, bedankt! René, ook paranimf plus, want wat 
hebben wij veel en goed samengewerkt! Bedankt voor al je hulp bij de verzorging van de 
muizen, de zenderimplantaties en vanzelfsprekend ook voor het zo gedegen uitvoeren van 
het experiment van hoofdstuk vier. Ik hoop dat je met heel veel plezier en succes je 
opleiding tot hoefsmid zult afronden. 

En dan zijn er nog alle mensen buiten het werk, die het leven zo leuk maken en die 
altijd veel interesse hebben gehad in mijn onderzoek. Familie, vrienden en niet te vergeten 
ook een heel aantal rode kruisers, ik ga jullie niet allemaal bij naam noemen, want ik weet 
niet waar ik moet beginnen en eindigen. Lieve allemaal: bedankt!  

Rodrigo: ik heb je lief, en ja, nu is het echt af! 


