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Simple Summary: Under the term Culture of Care, procedures have been developed to reduce the
distress caused to animals and humans by animal experimentation. It has been recognized that animal
welfare is human welfare and vice versa. Here, we look at the distress that laboratory animals and
the staff are exposed to in animal experimentation. We also focus on the question of what laboratory
animal facility managers can do to improve the welfare of laboratory animals, especially mice and
other rodents, and the staff involved.

Abstract: Laboratory animal facility managers must ensure that animal experiments can be carried
out under optimal scientific conditions, that all legal requirements are met, and that animal welfare
is maximized. Animal experimentation is stressful not only for the animals involved but also for
the people who maintain these animals or carry out the experiments. Many of those involved find
themselves in a constant conflict between scientific necessity, care, and harm. Under the term Culture
of Care, procedures have been developed to reduce the burden of animal experimentation on the
animals and the staff involved. The focus here is on what laboratory animal facility managers can do
to improve the welfare of laboratory animals and the people working with them. Exemplary measures
are the improvement of the housing conditions of laboratory animals, the introduction of uniform
handling measures, clear and transparent structures via a quality management system, implementa-
tion of a no-blame culture of error (e.g., via Critical Incident Reporting System in Laboratory Animal
Science [CIRS-LAS]), and open and respectful communication with all parties involved in animal
experimentation, including the public and representatives of the authorities (public webpage, open
house policy). The 6 Rs must be considered at all times: replacement, reduction, refinement, respect,
responsibility, and reproducibility. We are writing this article from the perspective of laboratory
animal facility managers in Germany.

Keywords: animal welfare; human welfare; culture of care; compassion fatigue

1. Introduction

Many scientific breakthroughs have been achieved via the use of laboratory animals.
These animals have helped human patients immensely and, therefore, deserve our gratitude
and respect. Relevant parts of the public are critical of animal experimentation [1], although
most experts consider it necessary in certain areas, such as basic or applied research [2–4].
By definition, animal experimentation induces pain, suffering, and harm to the animals [5],
the cut-off level being the introduction of a needle. Animal experimentation, therefore,
requires that society grant an exemption for interventions on animals that would otherwise

Animals 2024, 14, 1136. https://doi.org/10.3390/ani14071136 https://www.mdpi.com/journal/animals

https://doi.org/10.3390/ani14071136
https://doi.org/10.3390/ani14071136
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/animals
https://www.mdpi.com
https://orcid.org/0009-0009-6310-6412
https://orcid.org/0000-0002-0383-3994
https://orcid.org/0000-0002-0624-3965
https://orcid.org/0000-0002-3881-796X
https://doi.org/10.3390/ani14071136
https://www.mdpi.com/journal/animals
https://www.mdpi.com/article/10.3390/ani14071136?type=check_update&version=2


Animals 2024, 14, 1136 2 of 16

be against the law. It is, therefore, justified that animal laboratories are under strict supervi-
sion by the authorities and the public. In most European countries, animal experiments
require regulatory approval, which can be granted only if the scientific questions cannot be
answered with alternative methods, such as cell cultures, organoids, organ-on-a-chip, or in
silico methods. The evaluation of applications for animal experiments involves a balanc-
ing of interests, weighing the expected scientific progress against the expected distress to
the animals.

In this paper, we use the term ‘animal facility management’ to include the head of the
facility, his or her deputies, and the animal welfare officers. While in some establishments,
these functions may be strictly separated, in others, they may be carried out by the same
person. In Germany, these functions are usually carried out by veterinarians and, in rare
cases, by biologists or doctors. Arrangements and roles vary from country to country. In
Germany, animal facility managers have authority and a wide range of responsibilities.
They have to provide the best possible care, taking into account the husbandry and experi-
mental conditions in their facility. In addition, they must ensure that animal experiments
can be carried out in their facilities under scientifically optimal conditions (state-of-the-art
husbandry systems, surgery, and treatment rooms, well-trained facility scientists and ani-
mal technicians), that all legal requirements are met, and that the well-being of the animals
under their supervision is ensured. In particular, they regulate the housing and handling
of animals. In practice, animal facility managers and animal welfare officers must take
into account the interests of the animals as well as those of many different stakeholders:
scientists, animal technicians, regulatory authorities, and the public.

Societal attitudes towards animals have changed substantially in recent decades.
Animals are no longer seen primarily as farm animals and helpers (e.g., in agriculture) or
as a pure source of food but also as companions and family members [6]. The view that
animals, as sentient beings, should be respected for their own sake has become established
not only in morality but also in current law. The German Animal Welfare Act states in §1:
“The purpose of this law is to protect the life and well-being of animals as fellow creatures
from the responsibility of humans” [7]. As a result, so-called ethical animal protection
is part of the constitution in Germany and the EU. The perceived intrinsic value of an
individual animal has thus increased.

This change in perspective and value increases the psychological pressure on people
who carry out animal experiments. People involved in animal experimentation almost
inevitably experience psychological discomfort, if not crisis [8], throughout their profes-
sional lives because they are directly or indirectly involved in the suffering or killing of
animals. Furthermore, although many medical breakthroughs have been made with the
help of animal experiments [4], animal experiments are sometimes difficult to replicate,
and their applicability to the development of specific treatments for human diseases is not
always guaranteed. [9]. This problem can further increase the risk of psychological crisis
for the people involved. It is now widely recognized that animal testing is distressing not
only for the animals but also for the people who carry it out. According to Grimm [8], no
fewer than nine of ten people in the profession will experience compassion fatigue at some
point in their career.

The term Culture of Care describes a strategy aimed at developing policies that reduce
the burden on people in caring professions [10]. Here, we follow this approach and apply
it to the field of animal research (following other authors such as Williams [11]) and focus
on the following question: What can laboratory animal facility managers do to improve the
welfare of laboratory animals and laboratory animal facility staff? Specifically, we look at
the stress to which animals and humans are exposed in animal experimentation and ask
what strategies animal facility managers may use to reduce it. The underlying idea is that
animal welfare promotes human welfare and vice versa.



Animals 2024, 14, 1136 3 of 16

2. Factors Affecting the Welfare of Laboratory Animals

Animal welfare encompasses many aspects, the most important of which are the
absence of pain, physical and emotional well-being, and the ability to display the full
repertoire of species-specific natural behaviors. In animal laboratories, all these factors are
mainly influenced by the housing conditions, handling routines, experimental procedures,
and, when appropriate, genetic modification and the age of the animals (Figure 1). Fur-
thermore, individual and social factors can affect animal welfare as well, e.g., dominance
behavior or pheromones. All these factors can interact. For example, the extent to which
animals are stressed by experimental procedures may be modified by housing conditions.
Additionally, wound healing in rodents is influenced by circadian rhythms [12,13]; there-
fore, it can make a big difference whether surgical procedures are scheduled during the
active (dark) or resting (light) phase. In addition, animals in cages with environmental
enrichment (refinement) recover more quickly than conspecifics housed in non-enriched
cages [14,15]. It was shown that conventional laboratory housing increases morbidity
and mortality in laboratory rodents [16]. Finally, the level of stress also depends on the
expertise of the people conducting the experiments and whether the animals are familiar
with these people or even with the procedures themselves. In some cases, physiology must
be taken into account; for example, hungry rats are less sensitive to pain than rats that are
not hungry [17].
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2.1. Husbandry Conditions

Husbandry conditions include all factors of animal husbandry, including cage types
and dimensions, ventilation of the animal husbandry rooms, day/night rhythm, bedding,
food, water, climate, cage equipment, and social composition within the cages [18–21]. In
European countries, housing conditions are required by law to meet the specific needs and
characteristics of each species. This means that animals must be provided with shelter and
food, and the environment in which they live and the food, water, and care they receive
must be appropriate to their health, well-being, and species-specific requirements. Any
restrictions on the extent to which an animal can satisfy its physiological and ethological
needs should be kept to a minimum. Minimum standards for animal accommodation and
care, including minimum cage dimensions, are set out in Directive 2010/63/EU, ANNEX
III of the European Parliament and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes [2]. Deviations are permitted only for approved
animal experimental procedures, such as short-term housing in metabolic cages.
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Although the criteria for cage dimensions are clearly formulated, Directive 2010/63/EU
is less clear on how laboratory animal cages should be equipped. It is clear that the equip-
ment of the so-called “standard cage” in laboratory animal facilities has changed consid-
erably over the past decades. Approximately 20 years ago, laboratory rodent cages were
provided with little more than bedding material for the sake of standardization [22]. Nowa-
days, mice in most facilities are usually provided with at least nesting material and mouse
houses as shelter. Very often, other items, such as tubes and gnawing sticks, are also added.
Most animal facility managers and experimenters consider these changes to be beneficial
for laboratory rodents without undue compromise of standardization efforts [23,24].

On the other hand, laboratory animal facilities have increasingly focused on efficiency
and on housing as many animals as possible, especially mice and zebrafish, in response to
the increasing number of genetically modified mouse and fish models. Their introduction
has led to a massive increase in the number of animals in laboratory animal facilities. In
the case of mice, maximizing the number of animals per room has led to a reduction in the
average size of cages, particularly in individually ventilated cage (IVC) systems, which
have largely replaced conventional open or filter-top cages. Today, IVC cages with floor
areas of 500 to 540 cm2 for mice predominate in most modern animal laboratories. The
cage racks are designed to accommodate a maximum number of cages per square meter.

This shift in cage systems has both advantages and disadvantages for the animals.
Individual ventilation makes it easier to ensure the specific pathogen–free (SPF) status of
the animals than in traditional open cage systems. It minimizes the risk of introducing
unwanted pathogens, an improvement that is particularly relevant to the growing number
of mouse strains with compromised immune function. On the other hand, a characteristic
of IVC-based facilities is that the ventilation units generate a continuous air flow with asso-
ciated background noise, which can lead to chronic stress in the animals [25,26]. Animals
are completely isolated from their environment and are, therefore, unable to communicate
with each other across cage boundaries by either odor or sound. This creates a dilemma
for the management of species such as mice, which do not live solitarily but where males
compete for access to females: in many cases, adult mice must be kept as singles to prevent
injury or even death from fighting. Single-housing of male mice has been shown to be
associated with various forms of distress, such as increased heart rate and disruption of
the normal circadian sleep pattern [27] or increased anxiety and decreased exploratory
behavior [28].

Furthermore, because of the small floor area of the cages, which is based exactly on the
minimum legal requirements of the EU, the possibilities for environmental refinement [29]
beyond the items listed above are limited in mouse IVC systems. In practice, there is
barely enough space for a shelter mouse house, nesting material, and a tube, whereas the
provision of other useful items, such as running wheels, is excluded, although laboratory
mice (and even their wild ancestors [30]) consciously and extensively use them whenever
they are available [31]. In the long run, these restrictions run the risk of chronically boring
the mice.

2.2. Handling

Handling includes all interventions on the animals, such as changing cages (including
cleaning intervals and the methods used to move mice from one cage to another), restraint
(e.g., for health examination), weighing, application of substances, training, and transport.
In the wild, because small rodents are exposed to many predators, their natural reaction to
a larger, unfamiliar individual is to flee. In fact, all types of handling are, at least to some
extent, stressful for mice [32], including the simple act of personnel entering the room [33].
When laboratory rodents are imported from outside breeders or facilities or even from
one room to another within the same facility, it can take several days for stress-related
behaviors and physiological parameters to return to baseline levels [34]. However, for
obvious reasons, the handling of laboratory rodents cannot be completely avoided, as their
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health must be monitored regularly, bedding changed, cages cleaned, and experimental
procedures performed.

In general, the welfare of laboratory animals depends crucially on the respect, qualifi-
cations, and skills of the people who treat or care for them. Recognizing deviations from
normal behavior and correctly assessing signs of stress depends on the experience and
expertise of the observer.

2.3. Experiments

In animal experimentation, the degree of stress, pain, or suffering inflicted on the
animal depends on the interventions themselves (procedures, surgeries), the associated
anesthesia and analgesia protocols, and their short- or long-term consequences. For ex-
ample, the application of tumor cells may itself cause little stress and pain to the animal,
but the growth of the tumor or the spread of metastases may later increase the stress to
the animal.

2.4. Genetic Modification and Ageing

Today, most strains of mice kept and bred in animal laboratories are genetically
modified. The breeding of mice that may, or are known to, develop a harmful phenotype
caused by their genetic modifications is considered an animal experiment in Germany and
the EU and is, therefore, subject to authorization [35].

The discussion about so-called “surplus animals” (laboratory animals that cannot be
used for experimental purposes for various reasons [36,37]) has forced animal laboratories
in Germany to establish “retirement homes” for mice that cannot be used in animal experi-
ments because of their sex, age, genetics, or other reasons. The concept of retirement homes
is to keep surplus animals for as long as possible, ideally until they die of natural causes.
However, as in humans, older mice are susceptible to age-related diseases that do not occur
in younger mice, and that can cause significant pain, harm, or distress. Defining humane
and cumulative endpoints for aging laboratory animals is not a trivial task, and currently,
no established standards are in place.

3. Factors Compromising the Welfare of People Involved in Animal Experimentation
3.1. Ethical Dilemma

From a humanistic point of view, scientific and medical progress has a positive con-
notation, whereas the opposite is true for causing pain and killing living beings. People
involved in animal experimentation must certainly cause pain or death for animals, but
whether this leads to scientific or medical progress is uncertain. As Ferrara [38] puts it:
“As certain as the harm to laboratory animals is, as uncertain are the potential benefits to
humans, animals or the environment”. In fact, most basic research findings will never be
translated into concrete therapies for human patients, at least not in the short term. Even in
those cases where they are, this translation usually takes several years.

This imbalance between the unavoidable psychological guilt on the one hand and the
uncertainty and delay of the justifiable ‘pay-off’ on the other is a moral dilemma with a
high potential for emotional distress. Such distress may be exacerbated by the so-called
reproducibility crisis in science, which describes the observation that it is particularly difficult
to reproduce the results of animal experiments from one laboratory in another [9,39]. That
difficulty explains why three more principles have been added to the well-known 3 Rs
(replacement, reduction, refinement): respect, responsibility, and reproducibility [40].

The animal–human relationship is determined, among other things, by the nature, pro-
fessional context, and frequency of contact between animals and humans [41]. Although the
dilemma described above applies to almost everyone involved in animal experimentation,
the perspectives on animals and animal experimentation may differ between professional
subgroups. For laboratory animal technicians, veterinarians, or zoologists (group 1), love
of or interest in animals was usually the primary motivation for choosing their profes-
sion (Figure 2) [42]. Their interest in medical research and advancement has often been
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secondary, but they accept animal experimentation as unavoidable and necessary for this
task. However, their premise remains that animals should suffer as little as possible. For
medical doctors, medical students, and medical technicians (group 2), the welfare of hu-
man patients should be the primary motivation at the beginning of their professional
education. However, other factors seem to be more important: interest in science, prestige,
financial security, family background [43–45]. However, at some point of their scientific
work, animal experiments may become necessary because they are the most appropriate
“scientific tools” in medical research. The interest in animals and animal experimentation
is therefore secondary. These differing primary interests can lead to conflicts: Group 1
is primarily concerned with the welfare of the animals and favours, for example, faster
treatment or euthanasia if the animals are suffering. Group 2 is, at least according to our
experience, often primarily interested in the successful completion oftheir experiments and
therefore may favor, for example, the longest possible survival of the animals, even if they
suffer. This divergence of interests can lead to conflicts which, if unresolved, can add to
the emotional distress described above. Working with animals is challenging for people in
both groups: They regularly see suffering but cannot always prevent it in time; they are
directly or indirectly involved in the suffering or killing of animals and make decisions
about life and death.
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The killing of surplus animals is particularly stressful for animal technicians. The birth
of such animals is unavoidable and fateful because they do not have the desired genotype
or sex. Every laboratory animal technician must kill many unused mice every year. This act
is particularly distressing because these animals provide no ‘scientific benefit’. Execution
has an effect on the people who carry it out and can certainly lead to psychological crises.
Working as an animal technician means causing harm to the same creatures you care for [8].

3.2. Working Conditions

Laboratory animal facilities are often located in basements, where climatic standard-
ization is easier to achieve. By their nature, basements are not pleasant places to work,
as people work under artificial light and air conditioning. Housing laboratory rodents in
IVC racks is also physically and mentally demanding work for animal technicians. These
facilities are a form of factory farming. Animal technicians work in a relatively monotonous
environment, surrounded by IVC racks with a large number of cages containing many
mice. This kind of monotony makes it difficult to concentrate, but as animal technicians are
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responsible for living creatures, any mistake can be fatal. Daily monitoring is much more
difficult in this animal facility environment, and the animals lose their individual status.

The high-density cage racks are also not labor-friendly for the animal technicians who
take care of the animals daily. According to the Directive 2010/63 EU, “Animals shall
be checked at least daily by a competent person. These checks shall ensure that all sick
or injured animals are identified and appropriate action is taken”. This check, therefore,
requires the visual inspection of each IVC cage, an action that is not at all user-friendly
because the highest and lowest rows of the IVC rack allow only impaired vision of the
animals. Some animal houses use mirrors connected to an expansion stick so that the
animals can be evaluated more easily.

3.3. Guilt and Compassion Fatigue

Mental health is a complex issue. The term compassion fatigue, sometimes referred to as
the ‘negative cost of caring’, was originally introduced to describe the negative effects of
regular exposure to patient emergencies experienced by hospital nurses [46]. Individuals
working in other helping professions, including veterinarians and animal technicians, are
also at risk of experiencing compassion fatigue [38,47,48]. Symptoms include difficulty
concentrating, numbness or depression, social withdrawal, aches and pains, exhaustion,
anger, or a reduced ability to feel empathy [49,50]. In line with these findings, the profes-
sional group of animal technicians has a strikingly high sickness rate, and some of them
have mental health problems or other symptoms of compassion fatigue [8,40]. It cannot
be ruled out that their daily work makes them sick and that they develop psychological
crises based on compassion and empathy. Compassion is a human quality. It is useful and
necessary in the field of animal experimentation! However, mental health is more complex
than compassion fatigue, and not all mental health problems in animal facilities can be
attributed to this. Some technicians reach states of burnout due to demotivation, lack of
communication, personal conflicts, etc. The strategies for coping with each situation are
different for each person. Facility managers can only provide conditions that minimize
psychological stress. Serious mental health problems in laboratory animal facilities should
be addressed and managed by psychologists.

3.4. Social Stigmatization

Animal technicians working in German laboratory animal facilities often state that
they are reluctant to reveal their profession to others, e.g., at social events (own unpublished
observations and personal communication). Scientists usually do not have this problem,
but many of them also avoid talking about their decision to perform animal experiments
or to kill animals for their research. Similarly, university public relations departments
often advise their researchers not to mention animal experiments in press releases for
new publications (personal experience). These reactions can be seen as indicators of an
ambivalent social climate towards animal experimentation: majorities in most Western
societies accept animal experimentation as necessary for scientific and medical progress
but still stigmatize it and those who perform it as cruel.

4. What Can We Do to Improve the Situation for the Animals?
4.1. Husbandry Conditions and Handling

In particular, the animal facility manager and veterinarian, as well as the animal
welfare officer, have a regulatory influence on the facility and on the treatment of the
animals. Providing the best possible care for their animals is the primary responsibility of
animal facility managers, partly out of moral responsibility for the animals [51] and partly
because good science depends on good animal husbandry [40,51]. In the EU, detailed
regulations are in place to ensure that laboratory animals are generally kept in appropriate
conditions, particularly in terms of space. However, it should be noted that the legislation
has defined only the minimum requirements for each species in Directive 2010/63/EU.
Therefore, for animal facility managers, there is a potential for improvement in almost
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every aspect. In general, because animal facility managers are obliged to optimize the
welfare of the animals under their responsibility, it is their responsibility to minimize the
burden of the housing conditions on the animals, e.g., by providing appropriate cage
equipment (Figure 3; environmental enrichment as refinement—in coordination with those
responsible for the specific animal experiment) and sufficient space (Figure 4). As outlined
above, the most widely used cage systems currently have floor areas that are based on the
exact minimum of the EU legal requirements, which limits the possibilities of providing
environmental enrichment items. It is clear that not every enrichment item on the market is
granted by the animals, so the items offered should be validated before use and should be
chosen carefully [29] in the aspects of altering research results and benefits to the animals.
However, it is also obvious that some items, such as running wheels, whose positive
effects on laboratory welfare are well documented [30], are not part of most standard cages,
mainly because of space limitations or standardization concerns. In other words, larger
cages would be beneficial for mice because larger cages would allow more and better
environmental refinements for their inhabitants. The need to provide animals with more
floor space is also supported in terms of hygiene and welfare [52]. Fuochi et al. 2023
clearly mention the need to review the minimum cage space requirements described in EU
legislation. However, regulatory changes in this direction would come at a substantial cost:
existing cage systems would have to be replaced on a large scale, and maintenance capacity
per facility would decrease. However, if animals are to be housed in the best way possible,
constructive discussions about space requirements are needed.
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As long as space is the most limiting factor, varying the use of environmental enrich-
ment devices over time (i.e., providing different items on different days or weeks) can be
a valuable approach to preventing boredom in laboratory animals [53]. This approach is
widely used in neuroscience but has been surprisingly little discussed and studied in labo-
ratory animal science. Of course, such an approach is time-consuming and, to some extent,
a disruptive factor for standardization [54,55]. Nevertheless, the strict interpretation of
standardization promoted a few decades ago has been criticized by many authors [9,56] and
is now considered outdated by most modern facility managers. A plethora of publications
have demonstrated the negative influence of deprived facility conditions and the benefits
of more stimulating environments on the well-being of laboratory animals [57,58]. Figure 3
shows the development of the standard mouse cage in the Central Animal Laboratory
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Essen from 1995 to 2021. It is incumbent upon the community to discuss, develop, validate,
and implement further ideas in this area.
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As described above, the cage areas offered are based on the minimum required by
the European Directive. It is undisputed that larger cage areas would be beneficial for the
animals. Even if it is not possible to change the cage systems for the whole population,
such a change could at least be considered for certain subgroups, e.g., retired mice or mice
undergoing handling training (see Figure 5).
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Figure 5. Synthesis: What can we do to improve the situation for the animals and humans in
laboratory animal facilities?

In the area of handling, important steps have already been taken to reduce animal
distress. For example, cage change intervals have been re-evaluated in recent years after
telemetry studies had shown that too frequent transfers to new cages were stressful for
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the rodents, mainly because the new cages did not have the original odor of the previous
ones [59]. In the age of the IVC rack, whose ventilation units remove all harmful envi-
ronmental toxins (e.g., ammonia and CO2), frequent changes (1–2 times per week) are no
longer recommended, and intervals have been increased accordingly.

Other aspects of daily handling are also important for animal welfare. For example, the
German Animal Welfare Act, based on the EU Directive 2010/63, obliges facility managers
to check the health status of each animal daily, regardless of whether it is part of an
experimental procedure. These daily health checks must be carried out in a way that causes
as little distress as possible to the animals. Additionally, if possible, animals should be
handled by the same group of animal technicians throughout their lives; frequent changes
of personnel should be avoided. This recommendation also applies to experimenters.

Modern facilities often house thousands of laboratory animals; consequently, a large
number of people handle them. It is, therefore, important to establish standardized han-
dling routines in any animal facility. Improper handling can become a negative social expe-
rience and can lead to a measurable stress response in laboratory animals [32]. Handling
procedures should be standardized at all stages of the procedure, from the animal techni-
cian and veterinarian to the experimenter. This uniformity can and should be achieved
by requiring all involved to attend hands-on handling courses and to follow standard
operating procedures.

Some technical aspects of facility conditions may also play a role. Because most
environmental factors, such as air temperature and humidity, are kept constant and vary
little between facilities, the most important variable is probably the light-dark rhythm
in the animal rooms. Most laboratory rodents are nocturnal and would benefit from a
reversed light rhythm to synchronize their handling and treatments with their own active
phases of the day. However, this would mean that animal technicians and experimenters
would have to work in near darkness (via red light) throughout their working day, which
is problematic from a humane welfare perspective. Therefore, animal facility managers
may wish to consider the implementation of inverted light regimens for selected groups of
animals or of experiments that are particularly sensitive to biological rhythms and activity
periods, e.g., animals used in behavioral experiments, endocrinological studies, or surgeries
that cause severe suffering and long recovery periods. However, these decisions do not
rest solely with the animal facility manager; they must be made in consultation with those
responsible for the specific animal experiment.

4.2. Experiments

Because of the invasive nature of animal experimentation, it is incumbent upon all
involved to minimize the distress to the animals and to preserve their welfare as much
as possible.

In the case of experiments, animal welfare officers must ensure that the experiments
are carried out in accordance with the license and that the stress on the animals does
not exceed the approved severity level. As the proposals for animal experiments have
been reviewed and approved by the authorities from a wide range of perspectives, the
management of the animal house does not have much influence on the experiments once
they have been approved. Management and animal welfare officers can and must only
ensure that animal experiments are carried out with the authorities’ approval. However,
Animal Welfare Officers have a role to play in ensuring that the best practices are imple-
mented in applications for animal experiments before they are submitted for approval.
If various procedures prove to be unsuitable in the experiment, this must be recognized
and corrected. However, all changes must be reported to and approved by authorities
beforehand. Therefore, animal welfare officers must have excellent expertise and must
ensure that this expertise is kept up to date with the latest developments in laboratory
animal science. Similarly, the institutions in which they are employed must enable them
to keep up to date with the latest research and animal welfare developments (e.g., allow
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sufficient time for congresses, training, courses, etc., to fulfill the obligation for continuous
professional development).

Similarly, it must be ensured that all experimenters have the appropriate expertise in
animal handling and that they keep up to date regarding scientific advances and refine-
ments. When complex surgical techniques are used in working groups, care should be
taken to ensure that only a small number of specialists are involved in the surgery. This
will prevent animals from suffering unnecessarily if such procedures are carried out by
inexperienced researchers (such as postgraduate students).

Early detection of distress caused by the experimental interventions is essential and
must be included in the experimental protocols, e.g., using scoring sheets and documenta-
tion of all the relevant and procedure-tailored symptoms of distress. Whenever possible,
distress should be reduced (refinements such as analgesia, soft bedding, softened diet, cage
ground level, etc.

In recent years, medical training has become increasingly popular. Medical training is
the teaching of specific behaviors and exercises to assist in medical treatment, examination,
or care. Training prepares the animal for unfamiliar situations and, if designed appropri-
ately (usually with the provision of rewards), can even lead to a positive association over
time. Thanks to previous training, the animals know exactly what to expect and, therefore,
experience significantly less stress and anxiety. This concept has long been common practice
for large laboratory animals (e.g., dogs and pigs), but it is only slowly becoming established
for small laboratory rodents [60]. The incredible successes that can be achieved can be seen,
for example, in the impressive videos from the Swedish Research Institute [61]. However,
when it comes to medical training, it is important to consider when such training can be
a disruptive factor and when it is definitely beneficial for the animals. Specific medical
training does not make sense for short-term experiments in which the animals are handled
only a few times. Then, the burden of medical training is likely to predominate. In the case
of longer experiments, in which the animals must be manipulated repeatedly, the benefit
to the animals can be immense and therefore justifies a considerable additional effort for
the people involved. This benefits not only the animals but also the quality of the scientific
results [40,51].

Medical training can also be applied in the context of transport. Transport should
be carried out in such a way as to minimize distress to the animals. Before demanding
experiments, such as stressful surgical procedures, transport to other rooms can be trained
before the actual procedures are performed. In this case, the transport does not add to
the stress of the procedure because the animals are already accustomed to it. The longer
the distance traveled, the more time should be allowed for the animals to recover in the
treatment room before any procedures are performed. Because medical training can be
time-consuming, experimenters must work hand in hand with animal facility staff.

5. What Can We Do to Improve the Situation for the People Involved in
Animal Experimentation?

As described above, keeping and experimenting on laboratory animals involves
an ethical dilemma that can, in the long run, cause severe emotional stress and even
“compassion fatigue” in many of the people entrusted with it [38].

There is no way to escape this dilemma completely. Therefore, the management of
an animal facility must reassure all those involved that they are working in a facility that
promotes the welfare of the animals to the maximum while at the same time minimizing
the negative aspects of animal experimentation. In concrete terms, this means doing
everything possible to provide an environment that meets the needs of the animals and
promotes their well-being. Such actions require constant critical self-examination and, if
necessary, adjustment of routines and practices when they can be improved (Figure 5).
A good example of this is cage size and equipment; another is the way in which small
laboratory rodents are moved from cage to cage. It has recently been shown that animals
benefit significantly from being moved by tunnel tubes when changing cages rather than
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by tail restraint [62]. It is, therefore, up to the animal facility manager to keep abreast of
such developments and, when necessary and possible, to implement them promptly and
decisively in their own facility.

An important step is to cooperate with the institution’s occupational health and physio-
therapy services, which can help introduce mental rest tools and active break management
or teach staff how to take care of the body during repetitive movements. Another very
important aspect is the communication culture (Figure 3). Open and effective communica-
tion between all those involved in an animal laboratory is essential. It is equally important
that innovations and adjustments are not decided and implemented by management alone
but that scientists and animal technicians are involved in the decision-making process.
It is primarily the animal technicians, the veterinarians, and the experimenters who are
in direct contact with the animals, who see their particular suffering, who must care for
them and, if necessary, euthanize them. This is one of the reasons that it is so important
to convince animal technicians of the benefits of a proposed innovation from the outset
or, if necessary, to give them the opportunity to dissuade management. Such a culture
of communication between animal house management and animal technicians may be
more strenuous than a classic top-down approach. This approach has the potential to
increase the psychological resilience of animal technicians, who are particularly vulnerable
to compassion fatigue, by making them feel that they are active players in the overall
process rather than just assistants or soldiers who simply receive orders. The working atmo-
sphere and communication culture should encourage animal technicians to communicate
any undesirable developments or grievances they perceive in their area of responsibility
without fear of sanction.

Equally important is constant and constructive communication between the animal
facility managers and the research staff. Scientists should work in the knowledge that the
entire staff of the animal facility will support them in their research to the best of their
ability. It is essential that everyone involved, including the animal technicians, is confident
that the experiments being carried out in the facility are always ‘state of the art’. For this
reason, we believe it is necessary to work according to uniform and pre-defined rules,
e.g., a quality management system. This adherence to guidelines ensures that procedures
and actions comply with the law and animal welfare standards; it also guarantees safety
in this sensitive area. It is also necessary to develop and maintain an error culture that
discourages the repetition of unnecessary errors. Therefore, animal facility managers and
animal welfare officers should not limit themselves to helping researchers apply for animal
projects and then controlling them. Rather, both groups should see it as their responsibility
to keep abreast of the latest developments in animal welfare and to apply this knowledge
to their own projects without delay.

Constructive communication between researchers and animal technicians must also
be encouraged. When researchers regularly update animal technicians on the aims of
their projects and the progress made, this counteracts the fatal disconnect between the
observed (or even self-inflicted) suffering of the animals and the ultimate purpose that
should justify it. It has proved very useful for researchers to give lectures to animal facility
staff, discussing their research and reflecting on the results. Such interaction strengthens
networking and links between professional groups.

Communication is a key factor in reducing the risk of compassion fatigue. Open and
intensive communication is necessary between all those involved in an animal facility
and in an experiment. Communication must be at eye level and respectful. Addressing
the scientific question is the key to justifying animal experimentation. Patients should be
helped effectively! Finally, we believe that it is important for animal technicians not to hide
their work from the public but rather to report honestly, reflectively, and self-confidently
about their tasks and their work. The skepticism of the authorities and the concerned public
can be countered only by an open house and a transparent communication culture. Events
and guided tours must give the public the opportunity to convince themselves of the need
for animal testing. In the long term, this openness may be the best way to counteract the
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social stigma against the use of animals for research purposes and social disregard for all
the professionals involved.

6. Conclusions and Outlook

We have written this article from the perspective of German animal facility managers.
Many scientific breakthroughs have been achieved via the use of laboratory animals. These
living beings, therefore, deserve our gratitude and our utmost care. The ethical dilemma
surrounding the use of animals in biomedical research can lead to psychological discomfort
and sometimes crises of compassion among staff. Compassion is a human quality—as such,
it is natural, meaningful, and necessary. The implementation of a culture of care aims to
reduce the burden on animals and humans in animal experimentation.

It is essential to prepare animal experiments as well as possible. The 6Rs—replacement,
reduction, refinement, respect, responsibility, and reproducibility—must always be con-
sidered. We must keep animals well, treat them with love and professionalism, avoid
unnecessary suffering, and provide adequate medical care. Experimenters must constantly
optimize handling and experimental techniques and breed their mouse strains with preci-
sion to avoid surplus animals (breeding management).

Addressing current scientific questions appropriately is the key to justifying animal
experimentation. Open and effective communication in an experiment is necessary to make
the meaning of each experiment clear to all participants. In medical science, the ultimate
goal of research is to help patients effectively. Upcoming skepticism of the authorities
and the concerned public can only be countered by an open house culture. Events and
guided tours can give the public the opportunity to convince themselves of the necessity of
animal experiments.

Last but not least, working according to the guidelines of a quality management
system and developing and maintaining an error culture are further important steps to
learn from mistakes or avoid repeating them.

Author Contributions: Conceptualization, P.D., G.H. and B.v.d.B.; writing, G.H., P.D., B.v.d.B., A.W.,
R.H.T. and G.H.; general conceptualization of graphs: G.H. and P.D.; proofreading, A.W. and R.H.T.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Acknowledgments: We thank M. Dubicanac for taking the photos (Figures 4 and 5) and Mareike
Schulz for preparing the graphs.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Ormandy, E.H.; Schuppli, C.A. Public Attitudes toward Animal Research: A Review. Animals 2014, 4, 391–408. [CrossRef]

[PubMed]
2. Council of the European Union. European Parliament Directive 2010/63/EU of the European Parliament and of the Council

of 22 September 2010 on the protection of animals used for scientific purposes. OJEU 2010, 276, 33–79. Available online:
https://op.europa.eu/en/publication-detail/-/publication/169b16db-cb47-46e3-aff5-caa8009ec295/language-en (accessed on
24 January 2024).

3. Brown, M.J.; Symonowicz, C.; Medina, L.V.; Bratcher, N.A.; Buckmaster, C.A.; Klein, H.; Anderson, L.C. Culture of Care:
Organizational Responsibilities. In Management of Animal Care and Use Programs in Research, Education, and Testing; CRC Press:
Boca Raton, FL, USA, 2018; Volume 2, pp. 11–26. [CrossRef]

4. LaFollette, H.; Shanks, N. Brute Science: Dilemmas of Animal Experimentation; Routledge: London, UK, 1997. [CrossRef]
5. Lorz, A.; Metzger, E. Tierschutzgesetz, 7th ed.; C.H.BECK: München, Germany, 2019; p. 7.
6. Wash, F. Human-animal bonds II: The role of pets in family systems and family therapy. Fam. Process 2009, 48, 481–499. [CrossRef]

https://doi.org/10.3390/ani4030391
https://www.ncbi.nlm.nih.gov/pubmed/26480314
https://op.europa.eu/en/publication-detail/-/publication/169b16db-cb47-46e3-aff5-caa8009ec295/language-en
https://doi.org/10.1201/9781315152189-2
https://doi.org/10.4324/9781003060000
https://doi.org/10.1111/j.1545-5300.2009.01297.x


Animals 2024, 14, 1136 14 of 16

7. Tierschutzgesetzt in der Fassung der Bekanntmachung vom 18.Mai 2006, das Zuletzt Durch Artikel 2 Absatz 20 des Gesetzes
vom 20. Dezember 2022 (BGBI. I S. 2752) Geändert Worden ist. BGBI. 2006. Available online: https://www.gesetze-im-internet.
de/tierschg/BJNR012770972.html (accessed on 21 January 2024).

8. Grimm, D. Suffering in silence. Science 2023, 379, 974–977. [CrossRef] [PubMed]
9. Voelkl, B.; Altman, N.S.; Forsman, A.; Forstmeier, W.; Gurevitch, J.; Jaric, I.; Karp, N.A.; Kas, M.J.; Schielzeth, H.; Van de Casteele,

T.; et al. Reproducibility of animal research in light of biological variation. Nat. Rev. Neurosci. 2020, 21, 384–393. [CrossRef]
[PubMed]

10. Greenhough, B.; Davies, G.; Bowlby, S. Why ‘cultures of care’? Soc. Cultl. Geogr. 2022, 24, 1–10. [CrossRef]
11. Williams, A. Caring for those who care: Towards a more expansive understanding of ‘cultures of care’ in laboratory animal

facilities. Soc. Cultl. Geogr. 2023, 24, 31–48. [CrossRef]
12. Cable, E.J.; Onishi, K.G.; Prendergast, B.J. Circadian rhythms accelerate wound healing in female Siberian hamsters. Physiol.

Behav. 2017, 171, 165–174. [CrossRef]
13. Hoyle, N.P.; Seinkmane, E.; Putker, M.; Feeney, K.A.; Krogager, T.P.; Chesham, J.E.; Bray, L.K.; Thomas, J.M.; Dunn, K.; Blaikley, J.;

et al. Circadian actin dynamics drive rhythmic fibroblast mobilization during wound healing. Sci. Transl. Med. 2017, 9. [CrossRef]
14. Will, B.; Galani, R.; Kelche, C.; Rosenzweig, M.R. Recovery from brain injury in animals: Relative efficacy of environmental

enrichment, physical exercise or formal training (1990–2002). Prog. Neurobiol. 2004, 72, 167–182. [CrossRef]
15. Livingston-Thomas, J.; Nelson, P.; Karthikeyan, S.; Antonescu, S.; Jeffers, M.S.; Marzolini, S.; Corbett, D. Exercise and Envi-

ronmental Enrichment as Enablers of Task-Specific Neuroplasticity and Stroke Recovery. Neurotherapeutics 2016, 13, 395–402.
[CrossRef] [PubMed]

16. Cait, J.; Cait, A.; Scott, R.W.; Winder, C.B.; Mason, G.J. Conventional laboratory housing increases morbidity and mortality in
research rodents: Results of a meta-analysis. BMC Biol. 2022, 20, 15. [CrossRef] [PubMed]

17. Alhadeff, A.L.; Su, Z.; Hernandez, E.; Klima, M.L.; Phillips, S.Z.; Holland, R.A.; Guo, C.; Hantman, A.W.; De Jonghe, B.C.; Betley,
J.N. A Neural Circuit for the Suppression of Pain by a Competing Need State. Cell 2018, 173, 140–152. [CrossRef]

18. Wollnik, F. Physiology and regulation of biological rhythms in laboratory animals: An overview. Lab. Anim. 1989, 23, 107–125.
[CrossRef] [PubMed]

19. Olsson, I.A.S.; Dahlborn, K. Improving housing conditions for laboratory mice: A review of “environmental enrichment”. Lab.
Anim. 2002, 36, 243–270. [CrossRef]

20. Balcombe, J.P. Laboratory environments and rodents’ behavioural needs: A review. Lab. Anim. 2006, 40, 217–235. [CrossRef]
[PubMed]

21. Makowska, I.J.; Weary, D.M. A Good Life for Laboratory Rodents? ILAR J. 2019, 60, 373–383. [CrossRef]
22. Morris, T. Principles of Laboratory Animal Science, Revised Edition. Edited by L F M Van Zutphen, V Baumans and A C Beynen

(2001). Published by Elsevier Science BV, PO Box 211, 1000 AE Amsterdam, The Netherlands, or Elsevier Science Inc, PO Box 945,
Madison Square Station, New York, NY 10160-0757, USA. Anim. Welf. 2002, 11, 356. [CrossRef]

23. Wolfer, D.P.; Litvin, O.; Morf, S.; Nitsch, R.M.; Lipp, H.P.; Würbel, H. Cage enrichment and mouse behaviour. Nature 2004, 432,
821–822. [CrossRef]

24. Bayne, K.; Würbel, H. The impact of environmental enrichment on the outcome variability and scientific validity of laboratory
animal studies. Rev. Sci. Tech. I OIE 2014, 33, 273–280. [CrossRef]

25. Baumans, V.; Schlingmann, F.; Vonck, M.; van Lith, H.A. Individually ventilated cages: Beneficial for mice and men? Lab. Anim.
Sci. 2002, 41, 13–19. Available online: https://pubmed.ncbi.nlm.nih.gov/11860253/ (accessed on 24 January 2024).

26. Kemppinen, N.; Meller, A.; Björk, E.; Kohila, T.; Nevalainen, T. Exposure in the shoebox: Comparison of physical environment
of ivcs and open rat cages. Scand. J. Lab. Anim. Sci. 2008, 35, 97–103. Available online: https://researchportal.helsinki.fi/en/
publications/exposure-in-the-shoebox-comparison-of-physical-environment-of-ivc (accessed on 24 January 2024).

27. Späni, D.; Arras, M.; König, B.; Rülicke, T. Higher heart rate of laboratory mice housed individually vs in pairs. Lab. Anim. 2003,
37, 54–62. [CrossRef] [PubMed]

28. Chourbaji, S.; Zacher, C.; Sanchis-Segura, C.; Spanagel, R.; Gass, P. Social and structural housing conditions influence the
development of a depressive-like phenotype in the learned helplessness paradigm in male mice. Behav. Brain Res. 2005, 164,
100–106. [CrossRef] [PubMed]

29. Baumanns, V.; Van Loo, P.L.P. How to improve housing conditions of laboratory animals: The possibilities of environmental
refinement. Vet. J. 2013, 195, 24–32. [CrossRef] [PubMed]

30. Meijer, J.H.; Robbers, Y. Wheel running in the wild. Proc. Royal Soc. B. 2014, 281, 20140210. [CrossRef] [PubMed]
31. Banjanin, S.; Mrosovsky, N. Preferences of mice, Mus musculus, for different types of running wheel. Lab. Anim. 2000, 34, 313–318.

[CrossRef] [PubMed]
32. Balcombe, J.P.; Barnard, N.D.; Sandusky, C. Laboratory routines cause animal stress. J. Am. Assoc. Lab. Anim. Sci. 2004, 43, 42–51.

Available online: https://pubmed.ncbi.nlm.nih.gov/15669134/ (accessed on 26 January 2024).
33. Kramer, K.; Mulder, A.; van de Weerd, H.; Baumans, V.; Van Heijningen, C.; Remie, R.; Voss, H.P.; van Zutphen, B.F.M. Does

conditioning influence the increase of heart rate and body temperature as provoked by handling in the mouse? Contemp. Top. Lab.
Anim. Sci. 2001, 40, 92.

34. Tuli, J.S.; Smith, J.A.; Morton, D.B. Stress measurements in mice after transportation. Lab. Anim. 1995, 29, 132–138. [CrossRef]

https://www.gesetze-im-internet.de/tierschg/BJNR012770972.html
https://www.gesetze-im-internet.de/tierschg/BJNR012770972.html
https://doi.org/10.1126/science.adh4770
https://www.ncbi.nlm.nih.gov/pubmed/36893223
https://doi.org/10.1038/s41583-020-0313-3
https://www.ncbi.nlm.nih.gov/pubmed/32488205
https://doi.org/10.1080/14649365.2022.2105938
https://doi.org/10.1080/14649365.2021.1939123
https://doi.org/10.1016/j.physbeh.2016.12.019
https://doi.org/10.1126/scitranslmed.aal2774
https://doi.org/10.1016/j.pneurobio.2004.03.001
https://doi.org/10.1007/s13311-016-0423-9
https://www.ncbi.nlm.nih.gov/pubmed/26868018
https://doi.org/10.1186/s12915-021-01184-0
https://www.ncbi.nlm.nih.gov/pubmed/35022024
https://doi.org/10.1016/j.cell.2018.02.057
https://doi.org/10.1258/002367789780863538
https://www.ncbi.nlm.nih.gov/pubmed/2651797
https://doi.org/10.1258/002367702320162379
https://doi.org/10.1258/002367706777611488
https://www.ncbi.nlm.nih.gov/pubmed/16803640
https://doi.org/10.1093/ilar/ilaa001
https://doi.org/10.1017/s0962728600024994
https://doi.org/10.1038/432821a
https://doi.org/10.20506/rst.33.1.2282
https://pubmed.ncbi.nlm.nih.gov/11860253/
https://researchportal.helsinki.fi/en/publications/exposure-in-the-shoebox-comparison-of-physical-environment-of-ivc
https://researchportal.helsinki.fi/en/publications/exposure-in-the-shoebox-comparison-of-physical-environment-of-ivc
https://doi.org/10.1258/002367703762226692
https://www.ncbi.nlm.nih.gov/pubmed/12626072
https://doi.org/10.1016/j.bbr.2005.06.003
https://www.ncbi.nlm.nih.gov/pubmed/16046006
https://doi.org/10.1016/j.tvjl.2012.09.023
https://www.ncbi.nlm.nih.gov/pubmed/23127868
https://doi.org/10.1098/rspb.2014.0210
https://www.ncbi.nlm.nih.gov/pubmed/24850923
https://doi.org/10.1258/002367700780384681
https://www.ncbi.nlm.nih.gov/pubmed/11037127
https://pubmed.ncbi.nlm.nih.gov/15669134/
https://doi.org/10.1258/002367795780740249


Animals 2024, 14, 1136 15 of 16

35. European Commission. Directorate-General for Environment, Framework for the Genetically Altered Animals under Directive 2010/63/EU
on the Protection of Animals Used for Scientific Purposes; Publications Office of the European Union: Luxembourg, 2022. Available
online: https://data.europa.eu/doi/10.2779/499108 (accessed on 24 January 2024).

36. Wewetzer, H.; Wagenknecht, T.; Bert, B.; Schönfelder, G. The fate of surplus laboratory animals. EMBO Rep. 2023, 24, e56551.
[CrossRef]

37. Feldwisch-Drentrup, H. Germany weighs whether culling excess lab animals is a crime. As prosecutors evaluate complaints from
animal rights groups, labs try to reduce surplus. Science 2022, 376, 567–568. [CrossRef] [PubMed]

38. Ferrara, F. Culture of Care in der tierexperimentellen Forschung. Eine Frage der Vernetzung von Tierwohl und menschlichem
Wohlbefinden. Vers. Kompakt 2021, 5, 8–15.

39. von Kortzfleisch, V.T.; Ambrée, O.; Karp, N.A.; Meyer, N.; Novak, J.; Palme, R.; Rosso, M.; Touma, C.; Würbel, H.; Kaiser, S.; et al.
Do multiple experimenters improve the reproducibility of animal studies? PLoS Biol. 2022, 20, e3001564. [CrossRef] [PubMed]

40. Ferrara, F.; Hiebl, B.; Kunzmann, P.; Hutter, F.; Afkham, F.; LaFollette, M.; Gruber, C. Culture of care in animal research–Expanding
the 3Rs to include people. Lab. Anim. 2022, 56, 511–518. [CrossRef]

41. Gärtner, K. Mensch-Tier-Verantwortung. Komponenten einer Entscheidungsethik bei der Nutzung von Tieren im wis-
senschaftlichen Versuch. In Qualitätskriterien der Versuchstierforschung: Ergebnisse aus dem Sonderforschungsbereich “Versuchstier-
forschung” der Medizinischen und der Tierärztlichen Hochschule Hannover, 1st ed.; Gärtner, K., Ed.; VCH: Weinheim, Germany, 1991;
pp. 1–26.

42. Federation of Veterinarians of Europe and International Veterinary Students’ Association. Veterinary student survey [Internet].
Brussels: Federation of Veterinarians of Europe and International Veterinary Student’s Association. 2015. Available online:
https://www.fve.org/cms/wp-content/uploads/IVSA-FVE-Veterinary-Student-Survey.pdf (accessed on 30 January 2024).

43. Narayanasamy, M.; Ruban, A.; Sankaran, P.S. Factors influencing to study medicine: A survey of first-year medical students from
India. KJME 2019, 31, 61–71. [CrossRef]

44. Watari, T.; Nagai, N.; Kono, K.; Onigata, K. Background factors associated with academic motivation for attending medical school
immediately after admission in Japan: A single-center study. J. Gen. Fam. Med. 2022, 23, 164–171. [CrossRef] [PubMed]

45. Goel, S.; Angeli, F.; Dhirar, N.; Singla, N.; Ruwaard, D. What motivates medical students to select medical studies: A systematic
literature review. BMC Med. Educ. 2018, 18, 16. [CrossRef]

46. Joinson, C. Coping with compassion fatigue. Nursing 1992, 22, 116–121. [CrossRef]
47. Dane, B.O. Compassion fatigue: Coping with secondary traumatic stress disorder in those who treat the traumatized. In Social

Work, 1st ed.; Figley, C.F., Ed.; Brunner & Mazel: New York, NY, USA, 1997; Volume 42, p. 207. [CrossRef]
48. Fragoso, Z.L.; Holcombe, K.J.; McCluney, C.L.; Fisher, G.G.; McGonagle, A.K.; Friebe, S.J. Burnout and Engagement: Relative

Importance of Predictors and Outcomes in Two Health Care Worker Samples. Workplace Health Saf. 2016, 64, 479–487. [CrossRef]
49. Cocker, F.; Joss, N. Compassion Fatigue among Healthcare, Emergency and Community Service Workers: A Systematic Review.

Int. J. Environ. Res. Public Health 2016, 13, 618. [CrossRef] [PubMed]
50. Raimondi, T.P. Compassion Fatigue in Higher Education: Lessons From Other Helping Fields. Change Mag. High. Learn. 2019, 51,

52–58. [CrossRef]
51. Hemsworth, P.H.; Coleman, G.J. Human-Livestock Interactions: The Stockperson and the Productivity and Welfare of Intensively Farmed

Animals, 2nd ed.; CABI: Wallingford, UK, 2011. [CrossRef]
52. Fuochi, S.; Rigamonti, M.; Raspa, M.; Scavizzi, F.; de Girolamo, P.; D’Angelo, L. Data repurposing from digital home cage

monitoring enlightens new perspectives on mouse motor behaviour and reduction principle. Sci. Rep. 2023, 13, 10851. [CrossRef]
[PubMed]

53. Mieske, P.; Hobbiesiefken, U.; Fischer-Tenhagen, C.; Heinl, C.; Hohlbaum, K.; Kahnau, P.; Meier, J.; Wilzopolski, J.; Butzke, D.;
Rudeck, J.; et al. Bored at home?—A systematic review on the effect of environmental enrichment on the welfare of laboratory
rats and mice. Front. Vet. Sci. 2022, 9, 899219. [CrossRef] [PubMed]

54. Gärtner, K. Zur Variabilität von Meßdaten aus Tierversuchen, deren Ursachen und die Methoden, mit ihr umzugehen. In
Qualitätskriterien der Versuchstierforschung: Ergebnisse aus dem Sonderforschungsbereich “Versuchstierforschung” der Medizinischen und
der Tierärztlichen Hochschule Hannover, 1st ed.; Gärtner, K., Ed.; VCH: Weinheim, Germany, 1991; pp. 61–84.

55. Ötztürk, M.; Ingenwerth, M.; Sager, M.; von Gall, C.; Ali, A.A.H. Does a Red House Affect Rhythms in Mice with a Corrupted
Circadian System? Int. J. Mol. Sci. 2021, 22, 2288. [CrossRef] [PubMed]

56. Würbel, H. Environmental enrichment does not disrupt standardisation of animal experiments. ALTEX Spec. Issue 2007, 24, 70–73.
Available online: https://pubmed.ncbi.nlm.nih.gov/19835063/ (accessed on 22 January 2024).

57. Simpson, J.; Kelly, J.P. The impact of environmental enrichment in laboratory rats—Behavioural and neurochemical aspects. Behav.
Brain Res. 2011, 222, 246–264. [CrossRef] [PubMed]

58. Singhal, G.; Jaehne, E.J.; Corrigan, F.; Baune, B.T. Cellular and molecular mechanisms of immunomodulation in the brain through
environmental enrichment. Front. Cell. Neurosci. 2014, 8, 97. [CrossRef]

59. Godbey, T.; Gray, G.; Jeffery, D. Cage-change interval preference in mice. Lab. Anim. 2011, 40, 225–230. [CrossRef]
60. Leidinger, C.; Herrmann, F.; Thöne-Reineke, C.; Baumgart, N.; Baumgart, J. Introducing Clicker Training as a Cognitive

Enrichment for Laboratory Mice. J. Vis. Exp. 2017, 121, e55415. [CrossRef]

https://data.europa.eu/doi/10.2779/499108
https://doi.org/10.15252/embr.202256551
https://doi.org/10.1126/science.abq8311
https://www.ncbi.nlm.nih.gov/pubmed/35511974
https://doi.org/10.1371/journal.pbio.3001564
https://www.ncbi.nlm.nih.gov/pubmed/35511779
https://doi.org/10.1177/00236772221102238
https://www.fve.org/cms/wp-content/uploads/IVSA-FVE-Veterinary-Student-Survey.pdf
https://doi.org/10.3946/kjme.2019.119
https://doi.org/10.1002/jgf2.528
https://www.ncbi.nlm.nih.gov/pubmed/35509336
https://doi.org/10.1186/s12909-018-1123-4
https://doi.org/10.1097/00152193-199204000-00035
https://doi.org/10.1093/sw/42.2.207-a
https://doi.org/10.1177/2165079916653414
https://doi.org/10.3390/ijerph13060618
https://www.ncbi.nlm.nih.gov/pubmed/27338436
https://doi.org/10.1080/00091383.2019.1606609
https://doi.org/10.1079/9781845936730.0000
https://doi.org/10.1038/s41598-023-37464-8
https://www.ncbi.nlm.nih.gov/pubmed/37407633
https://doi.org/10.3389/fvets.2022.899219
https://www.ncbi.nlm.nih.gov/pubmed/36061113
https://doi.org/10.3390/ijms22052288
https://www.ncbi.nlm.nih.gov/pubmed/33669004
https://pubmed.ncbi.nlm.nih.gov/19835063/
https://doi.org/10.1016/j.bbr.2011.04.002
https://www.ncbi.nlm.nih.gov/pubmed/21504762
https://doi.org/10.3389/fncel.2014.00097
https://doi.org/10.1038/laban0711-225
https://doi.org/10.3791/55415-v


Animals 2024, 14, 1136 16 of 16

61. Rise, 3R—Refinement in Focus at RISE. Available online: https://www.ri.se/en/what-we-do/expertises/3r-focus-on-animal-
welfare (accessed on 22 January 2024).

62. Henderson, L.J.; Dani, B.; Serrano, E.M.N.; Smulders, T.V.; Roughan, J.V. Benefits of tunnel handling persist after repeated
restraint, injection and anaesthesia. Sci. Rep. 2020, 10, 14562. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ri.se/en/what-we-do/expertises/3r-focus-on-animal-welfare
https://www.ri.se/en/what-we-do/expertises/3r-focus-on-animal-welfare
https://doi.org/10.1038/s41598-020-71476-y
https://www.ncbi.nlm.nih.gov/pubmed/32884048

	Introduction 
	Factors Affecting the Welfare of Laboratory Animals 
	Husbandry Conditions 
	Handling 
	Experiments 
	Genetic Modification and Ageing 

	Factors Compromising the Welfare of People Involved in Animal Experimentation 
	Ethical Dilemma 
	Working Conditions 
	Guilt and Compassion Fatigue 
	Social Stigmatization 

	What Can We Do to Improve the Situation for the Animals? 
	Husbandry Conditions and Handling 
	Experiments 

	What Can We Do to Improve the Situation for the People Involved inAnimal Experimentation? 
	Conclusions and Outlook 
	References

