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This book is devoted to those who recognize the
need to improuve the welfare of animals in research
and have the will to make it happen.
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More than 30 years ago, | began conducting visits at registered research facilities for the
Animal Welfare Institute (AWI). | observed a wide range of different species and their
housing, handling and care, along with surgical sites, storage rooms, offices, and libraries.

| also spent time meeting with various staff at research laboratories across the United

States. Most laboratories appeared familiar with AWI's reputation and were willing to open
their doors to me, if only a little. While | was not always allowed to see all of the animals
or facilities, the interactions | observed and had with the technicians, investigators, and
management staff told me much about their animal care programs. Perhaps most telling was
the interaction between the people and the animals. How did staff members behave as they
entered an animal room and how did the animals respond?

What was nearly universal in the facilities | visited for many years was that the animals were
kept in small, barren cages with feeders and waterers—and nothing more. Enrichment was
unthinkable, uncharted territory, viewed by labs as both costly and a source of extraneous
variables that would threaten research results. Nonhuman primates (with the exception of
breeding animals), dogs, and other social species were individually housed. | routinely witnessed
primates engaging in a range of stereotypies, including hair plucking and self-mutilating. | saw
dogs cowering and shaking in the backs of their tiered cages, while others were circling round
and round in their small confines. | observed rabbits sitting in the middle of their cages, not
moving because there was no room or reason to do so. | saw many rodents being kept in
wire-bottom cages, while those in shoebox cages only had a bit of litter on the floor.

Now, it appears that a reversal in perspective is underway. There is increasing recognition
of the need to keep animals physically and psychologically healthy to reduce extraneous
variables—and this is done by providing them with species-appropriate housing and
enrichment and reducing pain and distress when possible. The eighth edition of the Guide
for the Care and Use of Laboratory Animals, published in 2011, embraces this view

(albeit without the regulatory force of the Animal Welfare Act). Similarly, the Institute of
Medicine and the Working Group of the Council of Councils (an advisory body to the NIH)
recommend significant improvements in the manner in which chimpanzees are housed, with
the Working Group calling for “ethologically appropriate physical and social environments.”
This recommendation was later accepted in large part by the NIH.

Spending significant moneys on shiny new cages and commercially available enrichment
devices may not be necessary, though; simple steps such as reconfiguring old cages and



making your own enrichment can have a positive impact on animal welfare, while also
minimizing research confounds. Teaching animals to cooperate with positive reinforcement
instead of forcing them into compliance is increasingly recognized as beneficial to the animals
as well as to research outcomes.

Agreeing with the change in perspective is one thing, but implementing it for all animals is
quite another. While the situation for animals in research is changing, and improvements have
been made, there is still much that needs to be done. The vast majority of animals used in
research—rats, mice and fish—are not covered under the Act, nor are birds, amphibians and
other cold-blooded species. The requirements under the Act sorely need to be updated and
expanded. All animals deserve an environment adequate to promote their well-being.

We at AWI hope you will take inspiration from this book to go well beyond the minimum
standards in seeking to ensure the best possible welfare of the animals who are completely
dependent upon you. This book is intended for anyone involved with animals in laboratories—
technicians, veterinarians, scientists, institutional officials, enrichment specialists, IACUC
members, and inspectors. Thank you to those who are already moving the bar ever higher.
To those who aren't there yet, we don't underestimate the task before you in trying to
facilitate change, but such change is warranted, and we hope this book will be helpful to you.

It has been 13 years since the previous edition of this book was published and this new
edition is more than twice the length, in part because research on improved housing and
enrichment has been, and continues to be, conducted. There are 14 chapters on different
animals in research (including new chapters on ferrets and zebrafish, as well as chapters on
extraneous variables and the human-animal bond) that describe species-specific needs and
offer recommendations on how to address them in the laboratory.

My deepest appreciation goes to Vera Baumans, Kaile Bennett, David Cawston, Joanna
Cruden, Michele Cunneen, Louis DiVincenti, Jr., Marcie Donnelly, Alvaro Duque, Christian
Lawrence, Jennifer Lofgren, Pascalle van Loo, Kathleen Pritchett-Corning, Viktor Reinhardt,
Irene Rochlitz, Jodi Scholz, Evelyn Skoumbourdis, and Russell Yothers for the chapters

you have written. Thank you to the editors, Viktor Reinhardt, Dave Tilford and Kenneth
Litwak, and to Ava Rinehart and Alex Alberg for the beautiful design and layout. Thanks

to the photographers for sharing your images. And finally, although they prefer to remain
anonymous, a big thank-you to our donors; your support has made it possible for the Animal
Welfare Institute to produce and widely distribute this book.

Cathy Liss
President, Animal Welfare Institute
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In the previous edition of Comfortable
Quarters, the chapter on housing mice
focused on what was known from wild mice
and how we can take that into account
when providing them with optimal housing
conditions. Since our knowledge of wild
mice is the basis for our understanding the
needs of laboratory mice, these issues will
certainly be addressed again in the majority
of paragraphs of this sequel, supplemented
with information from more recent literature.
Our understanding of the needs of mice

is not only a prerequisite when designing
comfortable quarters, but also when
performing procedures with minimal stress.
Thus, in the last paragraphs we will address

several procedures that are commonly
performed on laboratory mice and provide
the reader with tips and tricks as to how
these procedures can be performed in a way
that is least stressful for both the animal and
the caretaker.

Mice in the wild

The house mouse, Mus musculus, is one

of the most common mammals on earth.
This animal is believed to have originated

in Central Asia and subsequently dispersed
widely around the globe, where it displays
remarkable variations in color and size as an
environmental adaptation (Marshall, 1978).
There is evidence that the house mouse has
lived in close proximity with humans since
the end of the last glacial period (about
12,000 years ago; Hedrich, 2012, chapter 1).
Mice inhabit most parts of the world where
humans live. Perhaps because mice live

in such close proximity with humans and
are so successful in outsmarting people
when it comes to their survival, the house
mouse has often been the subject of

study. Specifically advisable readings are
“Mice all over” (Crowcroft, 1973) and

the chapter on the laboratory mouse in

the UFAW Handbook, which includes

an elaborate table on mouse standard
biological parameters (Baumans, 2010). In
the next paragraphs we will provide a brief
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outline of house mouse biology and behavior to increase the reader’s understanding of the
precarious balance between their extraordinary adaptability to extreme circumstances and
the boundaries thereof in captivity.

Life cycle

Typically, wild female mice begin breeding at 67 weeks of age, and have their first litter
around the age of 9-10 weeks, after a 20-day gestation (on average). Newborn mouse
pups are born hairless (with the exception of whiskers), deaf, and blind, and are completely
dependent on their mother for survival. Over the course of 2 to 3 weeks, they subsequently
start growing fur, their incisors erupt, their ears open, and finally their eyes open (Baumans,
2010). These life events happen in a strict order at set times, as does the onset of their
motor skills, starting as rooting and circling in the first week and presenting as refined
activities and sensory responses in the third week, before weaning (Fox, 1965). Around

3 weeks of age, the pups start to explore the immediate surroundings of their nest and
increasingly become more independent of their mother for food (Latham & Mason, 2004).
This strictly ordered development is very useful to detect any developmental effects in
laboratory mice and is used on a wide scale as part of phenotyping the large number of
transgenic mouse lines (Van der Meer, 2001).

The young mice grow up in demes (territories populated by family groups), usually consisting
of a dominant male, several females with their progeny, and subordinate males. Female
juveniles may stay or disperse as adults to neighboring demes. Unfamiliar males are chased
out of the territory while juvenile and subordinate adult males are, to a certain extent,
tolerated by the dominant male within the boundaries of the deme. Evidence suggests that
the level of tolerance depends on population numbers and food availability, with highest

Mice
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tolerance in densely populated areas with

an abundance of food (Crowcroft, 1973;
Mackintosh, 1970; Mackintosh, 1973;

Poole & Morgan, 1976; Hurst et al., 1993).
When population density increases further,
subordinate (juvenile) males may disperse out
of the territory and live in bachelor groups
(Busser et al., 1974).

Wild mice have an average life span of
9-18 months, although some can live up to
2 or even 3 years in captivity or protected
environments. The oldest mouse ever to
have lived, as far as we know, was kept in
captivity in an enriched environment, but did
not receive any genetic, pharmacological, or
dietary treatment and lived for 1,551 days
(about 50 months; Than, 2006). Usually,
wild mice live less than a year, due to the
high level of predation, pest control, and
exposure to harsh living conditions.

Senses and behavior

In the wild, mice are most active from
dawn to dusk and then seek shelter from
bright light during the daytime. Thus, it

is not surprising that mice have excellent
senses of smell, taste, touch, and hearing,
but have generally poor vision. However,
they do have good peripheral vision that
allows them to detect movement.

The mouse retina consists of rods and two
varieties of cones, one serving the traditional
green-yellow region of the vision spectrum
and another serving the ultra-violet (UV)
region, essentially invisible to humans and
many other mammals. These UV cones are
more concentrated in the ventral retina,
which may reflect the background spectrum
of the sky at times of the day or twilight
when mice are most active. UV sensitivity
and the presence of two varieties of cones
(UV and green-yellow) that are wide apart
in the spectrum increase contrast, and thus
help mice distinguish form and movement
achromatically (Gouras & Ekesten, 2004).

The mouse auditory and vocalization
apparatus has evolved to hearing and
emitting frequencies well beyond the human
auditory range. Their hearing is especially
sensitive to sounds in the 5-20 kHz range
and around 50 kHz (Baumans, 2010), which
is beyond the human auditory range (20

Hz to 20 kHz). Both audible and ultrasonic
calls are used for communication. Pups emit
wriggling calls (<10 kHz) to invoke nursing
behavior of the mother and distress calls
(50-70 kHz) when separated from their
mothers (Latham & Mason, 2004). Male mice
grunt and squeak audibly (1-2 kHz) during
aggressive encounters and sing ultrasonic
courtship songs to females. Female mice
can discriminate between the characteristics
of male songs and prefer the songs of
males of different strains. It is probable that
male songs contribute to kin recognition

by females, thus avoiding inbreeding and
resulting in greater heterozygosity of offspring
(Kikusui & Koide, 2011).

Not only the auditory and vocal apparatus,
but also the olfactory sense plays an
important role in social communication
between wild mice. Pheromones from
urinary and plantar glands are used to
mark territories and to recognize which
individuals are familiar. They may invoke
or suppress aggression between males

and influence mating behavior (Hurst et
al., 1993; Hurst et al., 1998; Humphries et
al., 1999; Nevison et al., 2000). Mice use
their olfactory sense to receive information
on edible foods by smelling the breath

of other mice (Munger et al., 2010) and
use social cues in choosing feeding sites
(Baker, 1985). Mice nibble whatever food is
available, eating small portions during many
feeding bouts throughout both day and
night (Baumans, 2010). These olfactory and
behavioral strategies are an excellent way
to find out which novel foods are edible
and which are not. Mice are omnivorous
and are able to chew through almost
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everything. Their diet, typically 10-15% of
their body weight per diem, typically consists
of seeds and grains, but they also eat

roots, leaves and stems, and insects such as
beetle larvae, caterpillars, and cockroaches.
Mice, like other rodents, also engage in
coprophagy, typically consuming up to 10%
of fecal matter as a means of nutritional
supplementation (Heinrichs, 2001).

The mouse is a very agile creature. When
not eating, mice spend their time exploring
their surroundings and engage in running,
climbing, digging, and even swimming when
they need to. Their ability to climb vertical
walls, jump as high as 30 cm and squeeze
through cracks as small as 0.5 cm allows
them to reach almost any area. Since mice
have generally poor eyesight, they explore
their surroundings by moving along barriers,
touching the walls with their whiskers and
sides of their bodies. Although they generally
avoid open spaces (thigmotaxis), they are
curious and explore their surroundings
continuously, memorizing pathways,
obstacles, food, water, shelter, and other
elements in their habitats.

Mice sleep in several short and long bouts
throughout the day, with the longer sleeping
bouts typically occurring during the daylight
phase (Van de Weerd et al., 1997). Each
sleeping bout is preceded by an elaborate
amount of nesting behavior. The nests,

DOME SHAPE NEST, BUILT BY A BALB/C MOUSE

CUP SHAPE NEST, BUILT BY A C57BL/6 MOUSE

equally formed by female and male mice,
are constructed of any soft material the
mice can shred and form to their liking.
Mice originating from surface nesters (e.g.,
commensals of some field mice, as well as
the laboratory strain BALB/c) typically build
dome-shape nests with single tiny openings.
Burrow nesters such as C57BL/6, on the
other hand, build more cup-shape nests.
This difference in nest-building behavior

is believed to be genetically determined
and can still be found in laboratory strains
today (Van de Weerd et al., 1997; Sluyter
& Van Oortmerssen, 2000). Nest building
behavior is an excellent way to check the
health of mice (Deacon, 2012; Jirkof et

al., 2013). Mice who are subclinically ill
build increasingly frumpy nests or fail to
build a nest at all. This behavior has been
successfully applied in several mouse strains
to establish subclinical disease (Jirkof et al.,
2010; Deacon, 2012).

Essentially, wild mice spend their days (or
nights) eating, sleeping, reproducing, and
exploring—sensing the world in a way
considerably different from humans.

Emergence of the laboratory
mouse

The question as to why the house mouse
was initially chosen (and remains) the most
popular laboratory animal is not difficult to
answer; it is due to their success in the wild.
They are small, immensely adaptive in almost

Mice



all circumstances, and fast breeders. Above
that, they are mammals, sharing about

90% of their genetic makeup with humans
(Shakespeare, 2013). In the early 19" century,
people—fascinated by this agile little creature
with such bewildering polymorphism—
started to breed them as pets with specific
characteristics such as coat color, and mice
from around the world were exchanged to
create new lines. Since experimental science
started to develop in the late 19 century,
the use of these specifically bred pet mice
was a logical step, and many of the strains
of mice that were bred then are still used
today; the most well-known example being
the strain C57BL/6, established in the
United States by Lathrop as an intercross
between the black progeny of female 57.
Genetic analysis of most common laboratory
mice reveals that they all originate from

an intercross between three subspecies

of wild mice: Mus musculus domesticus,

M. m. musculus and M. m. castaneus. An
extensive discussion of the emergence of
laboratory mice can be found in Part 1 of
The Laboratory Mouse (Hedrich, 2012).

Meshing human and mouse needs
With the choice of mice as laboratory
animals, came the question how best to
house and care for them. The number of
laboratory animals has rapidly increased
since the mid-20™ century, posing
constraints on economically feasible
housing. At the same time, there has been
much attention paid to the importance

of standardization to reduce intra- and
inter-experimental variability and increase
reproducibility of results within and between
laboratories (Olsson et al., 2003). This has
led to such an intertwining of economically
feasible housing and standardization, that
the two are routinely viewed as equal, even
as the definition of standard housing has
evolved. There has been a gradual change
from a jar containing some sawdust, to a
shoebox-shaped cage with a wire mesh

bottom for individual mice, to a shoebox-
shaped open cage with sawdust, to the
technically ingenious present-day individually
ventilated cage (IVC) systems.

Nevertheless, it has been shown that despite
rigorous efforts to equalize conditions,

inbred mouse strains, which originated
simultaneously from three well-recommended
laboratories, have significant site-based
effects for nearly all variables examined
(Crabbe et al., 1999; Van de Weerd et

al., 2002; Wabhlsten et al., 2003). Further,
increased complexity of housing conditions
does not necessarily increase variation
between animals. It may even be argued
that, since it is variation between the animals
that we wish to decrease, housing conditions
should be designed with respect to individual
needs of animals, much like we nowadays
treat human beings through personalized
health care (Snyderman, 2012).

Boundaries to adaptability
Captivity changes behavior of animals.
Animals who have been domesticated
generally become more tame, possibly
through artificial selection for traits such

as ease of handling and decreased
aggression. Evidence for this has been clearly
demonstrated in pets, zoo and farm animals,
and laboratory animals (Jones et al., 2011).
These changes in behavior enable animals
to better cope with the circumstances.
Nevertheless, there is compelling evidence
that feral animals (once domesticated

and released back into the wild) are still
able to exhibit the behaviors of their wild
counterparts that are necessary for survival.
In general, changes in behavior brought
about by domestication are quantitative
rather than qualitative (Howard et al., 2010).
Berdoy (2003) provided what is perhaps
the most illustrative and enjoyable example
of this wild behavior that is still present in
laboratory animals. Berdoy created a semi-
natural farm environment into which he
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released laboratory rats from two strains:
Wistar and Lister hooded rats; here, they
had to compete, like their wild cousins, for
food, shelter and mates for a period of 6
months. The resulting film, The Laboratory
Rat: A Natural History, reviews the range
of behaviors and needs that, despite
generations of domestication, remain innate
and ready to be expressed when given the
opportunity. The film is highly recommended
for both students and teachers in the

field of ethology and laboratory animal
science. Although a similar experiment has
not been performed with mice, it is likely
that adaptation of laboratory mice in feral
conditions would be similar.

These examples pose the question as to
what the boundaries are to adaptability of
animals in captivity, especially with regard

to behaviors that animals are motivated to
perform per se (behavioral needs), even if the
physiological need that the behavior serves is
fulfilled (see, e.g., Jensen & Toates, 1993).

For laboratory mice, despite their
extraordinary capabilities to adapt

to changing circumstances, evidence

is accumulating that the present-day
standardized housing and management

is still a long way from an environment
meeting their behavioral needs, leading to
behavioral problems indicative of decreased

ABNORMAL BEHAVIOR: WHISKER TRIMMING

welfare—such as stereotypies, aggression,
and whisker and fur trimming. The
underlying mechanisms for development

of these detrimental behavioral patterns

are only partly understood and some
strains of mice appear to be more prone
to developing them than others. There is,
however, general consensus that rearing
mice in barren, restricted cages, lacking
appropriate stimuli, is a precursor for the
development of abnormal behavior (Latham
& Mason, 2004; Wurbel et al., 1996).
Garner et al. (2004) found that cage height
in the animal room and cage material were
factors influencing severity of barbering and
stereotypic behaviors, while Nevison (1999)
linked them to repetitive and futile attempts
to flee from the cage. Aggression, especially
between male mice, may be the result of
inbreeding, environmentally disturbed social
behavior, frustration, or lack of control (Van
Loo et al., 2003).

There is an increasing awareness of the
importance of an environment meeting the
mice's needs both for animal welfare and
for the quality of research, clearly articulated
by Poole (1997): “Happy animals make good
science.” This awareness is evident in what
is considered standard today: shoebox-
shaped cages with bedding material, nesting
material or nest boxes, gnawing blocks, and
social housing. Environmental refinement is
an ongoing process and we should aim to
provide stimuli beyond the satisfaction of
the basic needs normally accommodated

in standard housing conditions (Baumans &
Van Loo, 2013). The notion of catering to
behavioral needs has been embedded in
present legislation and guidelines

around the world, all with more or less
similar import: that animals should be

(a) allowed adequate space to express

a wide behavioral repertoire, (b) socially
housed wherever possible, and (c) provided
with an adequately complex environment
within the animal enclosure to enable them

Mice



to carry out a range of normal behaviors
(see, e.g., European Parliament and Council
of the European Union, 2010; National
Research Council [of the United States],
2011; National Health and Medical Research
Council [of Australia], 2013).

Making use of our knowledge of
how mice perceive the world
With proper management of the wide
range of stimuli in the laboratory mouse
environment—both physically (such as
climate, cage furniture and procedures) and
socially (other mice, human caretakers)}—and
through knowledge of the mice's behavior
in the wild and knowledge of and empathy
for the way laboratory mice experience the
world around them, a lot can be achieved,
sometimes with only minor adaptations (Van
de Weerd & Baumans, 1995).

In the following paragraphs, both scientific
and anecdotal evidence on welfare-enhancing
adaptations in housing, management

and experimental procedures commonly
performed on mice are discussed in relation
to what we know of their wild counterparts.

Housing and husbandry
Temperature: The climate in animal rooms

is usually kept as stable as possible, with
temperatures between 20-24°C (68-75°F).
Several studies have shown that mice prefer
temperatures quite above the temperatures
usually provided (Blom et al., 1993; Gaskill
et al., 2009). This does not mean that

room temperature needs to be increased to
levels uncomfortable to work in for animal
caretakers. Mice prove to be perfectly able
to adapt their microclimate to their needs.
Housing the mice socially and providing them
with nesting material enables them to create
nests with temperatures around 30-32°C
(86-90°F; Gaskill et al., 2011; Gaskill, 2013).
Under special circumstances, however, it is
advisable to increase cage temperature—for
example, when mice are housed individually

in metabolic cages or when they are
recovering from general anesthesia. Again,

in these circumstances, it is advisable to give
the mice a choice. When providing heating
mats after surgery, placing half of the cages
on the mat ensures that mice can move their
nest away from the heat during recovery.

Ventilation: In our attempt to standardize
lab conditions—especially with regard to

our desire to keep SPF (specific pathogen
free) and immunocompromised animals, as
well as to minimize allergen load for animal
caretakers—individually ventilated cages have
been designed. These cages, although in
appearance no different from the standard
shoebox cages, provide a microclimate that
can be carefully regulated. Cages can be
ventilated with a rate up to 120 air changes
per hour, reducing the need for frequent
cage cleaning. However, health monitoring
and inspection of the animals may be
difficult, procedures and cage cleaning
might be more time-consuming, and the
high intra-cage ventilation rate could induce
chronic stress and heat loss due to the draft
(Baumans et al., 2002; Krohn, 2002).

In a personal communication on CompMed
several years ago, a researcher asked advice
on unexplained death of his mice who were
housed in recently purchased IVC cages.
Further inquiry revealed that the IVC air inlet
was situated around the drinking nipple,
forcing the mice to drink in a constant

draft. The mice, it turned out, suffered from
dehydration, either from avoiding the nipple
due to the draft, or the constant drying
airflow in the cage. Humans consider air
speed greater than 0.2 m/s to be drafty and
this is generally agreed to be an upper limit
for rodents, as well (Lipman, 1999). This can
be ameliorated by moving the air inlet to a
different location in the cage. When the air
inlet was located at the top of the cage and
nesting material was provided, air changes of
up to 60 per hour were tolerated, with no
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INDIVIDUALLY VENTILATED CAGE SYSTEM

adverse effects on the physiology or behavior of the mice (Baumans et al., 2002). This means
that the location of the air supply to the cage (from the side or from the top), the ventilation
rate, and the presence of nesting material are important considerations when assessing the
impact of IVC housing on the well-being of mice. Evidence that animals are reacting to draft
could be a change of location of the nest and the building of barriers of bedding.

Lights and sounds: Mouse rooms usually have a 12-hour light-dark cycle with lights off during
the night and light intensity during the day as high as 300 lux. Light has damaging effects on
the retina, but can be particularly damaging in nocturnal species such as mice, and is even
more detrimental in albino strains, which lack pigment protection (Lanum, 1978). Therefore, it
is of utmost importance that light intensity be kept to a minimum. In general, for albino mice,
light intensity should not exceed 60 lux at the cage level. This can be achieved by covering
the highest cage shelves and by providing mice with structures, such as nesting material, that
enable them to shelter from bright light.

Mouse rooms are a constant source of sounds emitted by the mice themselves, animal
technicians and caretakers, and equipment. Some of these sounds, such as equipment
producing ultrasound, or sudden noises, such as doors and cages opening or closing, may be
a source of stress for the animals. Chronic and/or loud noises may induce impaired behavior,
cognition, and immune function in mice (Cheng et al., 2011; Pascuan et al., 2014; Tamura et
al., 2012). Playing background music in animal rooms may help mask stressful sounds (Van
Loo & Baumans, 2004; Alworth & Buerkle, 2013).

Structuring and size of the cages: Appropriate structuring of the cage environment is typically
more beneficial than provision of a larger floor area; however, a minimum floor area is
necessary to provide a structured space. This enables mice to use the vertical cage dimension

Mice
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as well. It is difficult to scientifically specify
the minimal sizes of cages for maintaining
laboratory mice, as much depends on the
strain, group size and age of the animals,
their familiarity with each other, and their
reproductive condition (see Whittaker et al.,
2012, for an excellent review). In terms of
structure, the home cage can be furnished
with, for example, nest boxes, tubes,
partitions, and nesting material (Latham

& Mason, 2004; Sherwin & Nicol, 1997;
Baumans, 2005).

However, provision of environmental
refinement should not be a process

of randomly applying objects that staff
consider attractive for the animals; instead,
environmental refinement should be
regarded as an essential component of the
overall animal care program, and equally
important as nutrition and veterinary care.
It is critical to evaluate environmental
refinement in terms of the benefit to the
animal—assessing the use of and preference
for certain refinements, the effect on
behavior (in particular, species-typical

PREFERENCE TEST SYSTEM

behavior), and the effect on physiological
parameters. At the same time, it is necessary
to evaluate the impact on scientific outcome,
how the refinement influences the scientific
study, and whether and how the statistical
power is affected. Communication and
teamwork among animal welfare scientists,
animal research scientists, institutional animal
welfare officers, veterinarians, animal ethics
committees, and animal facility management
and personnel is a key to success (Ottesen
et al., 2004; Weed & Raber, 2005;
Baumans et al., 2006). Many experiments
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have been performed that reveal the mice's
preferences for cage type, bedding and
environmental refinement, and how this
affects the animals” well-being and quality of
research (see, e.g., Blom et al., 1996; Garner
et al., 2004; Kirchner et al., 2012; Van Loo
et al., 2005; Van de Weerd et al., 1997;
Nicol et al., 2008). These studies support
the now-accepted notion that controllability
and predictability of the environment are
highly important factors in enhancing the
mice’s physical and psychological well-being,
by providing stimuli meeting the species-
specific needs (Poole, 1997; Baumans,
2005; Van Loo et al., 2005). These needs
include social contact, nest building, hiding,
exploration, foraging, gnawing, and resting.
Mice are highly susceptible to predation and
are likely to show strong fear responses in
unfamiliar situations if they cannot shelter.
These responses include attempts to flee,
biting when handled, or sudden immobility
to avoid being detected. For this reason,
cages should be provided with a shelter

or hiding places. Security can be achieved
via manipulable nesting material, hiding
places, and compatible cage mates. Even
simple environmental refinement induces a
robust and replicable anxiolytic-like effect in
mice (Sztainberg & Chen, 2010). Moreover,
providing nesting material helps mice keep
their nests clean, thus always providing them
with a feces-free resting area (Godbey et al.,
2011; Boivin, 2013).

Food and water provision: About 15% of the
time that mice are awake is spent eating
food, in numerous small bouts of feeding
behavior (Van de Weerd et al., 1997). Mice
feed in social bouts and learn from each
other with regard to the type of food and
drink that can be consumed, and how it is
consumed (Baker, 1985). In the laboratory,
mice may be confronted with novel ways
to obtain food and water several times in
their lives; for example, a drinking bottle,
an automated watering system, and water-

containing substances such as potatoes

or commercially available gels (e.g., Solid
Drink) during transport. In our experience,
acclimatization within a social group to

these novel ways considerably speeds up
the learning curve. In studies where mice
were individually housed in cages with

an atypical food dispenser for metabolic
measurements, they typically lost weight for
up to 3 days. Through acclimatization to the
food dispenser in groups prior to experiment,
mice learned to eat from the novel dispenser
within a day (A. M. Van den Hoek, personal
communication, May 2014). Food can also
be used as environmental refinement. With
ad libitum food pellets readily available,
foraging behavior cannot be expressed

= T

EASILY ACCESSIBLE LIQUID-CONTAINING GELS ENSURE
DEBILITATED MICE HAVE CONSTANT ACCESS TO WATER

fully. This may lead to stereotypies such as
food grinding behavior. Scattering grain, as
refinement, has been shown to decrease this
behavior (Pritchett-Corning et al., 2013). If
mice are not well—for example, when used
for studying progressive disease models—
providing readily available food and water via
such things as lengthened drinking nipples,
food pellets in the cage, and glucose-
containing substances such as Solid Drink is a
prerequisite not only to reducing discomfort
for the animals, but also to ensuring that

Mice




experimental data reflect the disease under
study, rather than dehydration or famine.

Social contact: For gregarious species, such

as the mouse, social contact is an important
part of their environment and should only be
denied in exceptional cases, e.g., extreme
aggression or for scientific reasons. Provided
that the group composition is harmonious,
social interactions are important contributors
to animal welfare. Group-housed mice are
able to engage in social exploration, and

the behavioral activities of one animal—such
as scent marking or digging—may also be

a valuable source of novelty that elicits
exploration by the other individuals (Olsson

& Westlund, 2007). More importantly,
group-housed mice provide each other with
social support (or “social buffering”) when
encountering a stressful situation (Hennessy et
al., 2009), and several studies have suggested
that mice benefit from being socially housed
with respect to postoperative recovery and
the need for pain relief (Van Loo et al., 2007;
Pham et al., 2010; Jirkof et al., 2012).

The successful establishment of harmonious
single-sex groups requires the grouping

of individuals who are compatible, a task
that is especially challenging with male
mice. Compatibility is strongly influenced
by internal factors such as age, sex and
hierarchical rank, and external factors such
as availability and distribution of resources,
and availability of space (Van Loo et al.,
2003; Akre et al., 2011). The effects of
space availability on the welfare of mice
are not consistent. In general, aggression
between male mice seems to decrease
with increased crowding, however, other
studies indicate that crowding increases
stress-related parameters (see Olsson &
Westlund, 2007, for a review). Some
factors, however, can be managed by good
husbandry practices, including housing mice
in small, socially stable groups of three
males (Van Loo et al., 2001), transferring

nesting material, but not dirty bedding,
during cage cleaning (Van Loo et al.,
2000), and avoiding exposure of male
mice to (unfamiliar) male urine (Lacey et
al., 2007). Anecdotal evidence from our
lab shows that housing male and female
mice in different rooms, handling males
before females, and generally keeping
disturbances to a minimum clearly helps in
reducing aggression further. This intuitively
makes sense, since stressful events are
known to trigger aggression (Pant & Nath,
1993). Another very interesting observation
was made by P. Y. Wielinga (personal
communication, September 2011). In a
study in which a high fat diet was tested
for its effect on metabolic parameters in
male BALB/c mice, the mice fed the control
diet all had to be separated due to high
levels of aggression, while the mice fed
the high fat diet lived peacefully together.
Unfortunately, this finding has never been
investigated further. It could be worthwhile
investigating whether the nutritional
balance for laboratory mice needs to be
re-evaluated.

If social housing is not possible due

to experimental restraints or excessive
aggression, several other options may be
worth considering. Co-housing aggressive
males with an ovariectomized female as
companion may be a solution when the
animals have to be kept for long periods,
although whether the negative impact of
the surgical procedure is outweighed by the
benefit of social housing needs to be taken
into account. In studies with instrumented
animals, non-instrumented buddies may be
an option. If the instrumentation does not
allow this, some authors have suggested the
provision of mirrors (Sherwin, 2004; Fuss
et al., 2013) or cohousing animals with a
divider in between (Van Loo et al., 2007).
The latter two solutions have not proven

as yet to alleviate the detrimental effects of
individual housing.
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Experimental procedures

When evaluating the way in which different
techniques are performed on mice,
knowledge of their natural behavior and
the way they see the world, together with
a little common sense, can lead to minor
adaptations in technique with decidedly
positive consequences for the mice.

Training, conditioning and reward: A rather
unexplored area of investigation in mice

is the use of training, conditioning and
reward. These are very common means

of refinement for larger animals, such as
dogs or primates. Training and conditioning
help the animal to predict what is coming,
thereby decreasing the stress response
(Weiss, 1972). Adding a reward may help
in associating stressful stimuli with overall
positive events. Dogs and primates, for
example, can be taught to readily offer
their paw or arm for blood removal. For
mice, the use of training, conditioning and
reward is less commonly done, even though
several studies show promising results with
substantial effects on stress response to
minor procedures, such as restraint (Meijer,
2006). The use of training, conditioning
and reward for mice, therefore, is certainly
worth promoting.

Handling and restraint: Handling is by far
the most frequently performed technique on
mice. Virtually all procedures involve picking
up the mouse from the cage (i.e., cage
cleaning, health check, and other invasive
procedures). The most common method for
taking mice from cages is to pick them up
by their tails, usually by hand, or sometimes
even with forceps. This, of course, is very
unnatural for the mouse (or, to the extent
it is “natural,” it is like being caught by

a predator). By making use of natural
responses of the mouse to climb in or on
things, Hurst & West (2010) have shown
that picking up mice by use of tunnels or
open hands led to voluntary approach, low

HANDLING OF MICE: (TOP) CUPPING IN A HAND, (BOTTOM)
VOLUNTARY ENTRY INTO A TUBE

anxiety, and acceptance of physical restraint.
An important aspect here is that the mice
continue to keep their feet on a base, rather
than hanging from their tails, staring into an
abyss. Similarly, other natural responses from
mice can be used to aid restraint procedures
with less stress. For example, a mouse who
needs to be restrained in a tube for blood
removal or otherwise could be expected

to more readily do so if the tube is a dark,
apparently safe haven.

Oral dosing: In studies that require daily
oral dosage, voluntary ingestion via water or

q
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VOLUNTARY CONSUMPTION OF A TEST SUBSTANCE AS AN ALTERNATIVE TO ORAL GAVAGE

a tasty gel or paste has proven to be a valuable alternative to oral gavage in mice (Zhang,
201). Voluntary dosing is a positive rather than a stressful event. Further, the risk of mishaps
related to oral gavage is absent. Mice appear to have a specific appetite for savory tastes
such as peanut butter, cheese and bacon grease (Witmer et al., 2014). The use of voluntary
ingestion of daily dosage is increasingly used for administration of analgesics (Van Loo et al.,
1997; Pham et al., 2010; Kalliokoski et al., 2011; Abelson et al., 2012; Molina-Cimadevila et
al., 2014), as well as dosing of test substances (Walker et al., 2012; Gonzales et al., 2014).

Several other procedures may be candidates for replacement with less stressful ones. For
example, keeping mice in metabolic cages overnight is not necessary if single urine or feces
samples are needed. Simply transferring the mouse into a plastic bucket for a short period of
time will usually trigger voiding of urine and feces (Van Loo et al., 2001).

Concluding remarks

In preparing this chapter, we have tried to guide the reader into the world as perceived by
mice. Being humans, we realize that in no way can we be certain that we are correct on all
counts. Nevertheless, we hope that we have provided the reader with some new knowledge
and a huge amount of empathy with the way laboratory mice experience the world around
them. The examples we have given on ways to improve the life of laboratory mice are by
no means exhaustive. Instead, we invite the reader to consider them and to continuously be
aware of what we can do to make lives easier for our mice.
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The brown rat, or Norway rat (Rattus
norvegicus) probably originated in Asia, near
the Caspian Sea, and has spread throughout
the world as a human commensal
(Donaldson, 1912; Hedrich, 2000). With
their spread from Asia to Europe and

places beyond in the Middle Ages, brown
rats were quickly recognized not only as
pests that had an economic impact through
competition with humans for limited
resources, but also as vectors of disease.
Rat-catching has existed as a trade since at
least medieval times; typically, these early
exterminators were paid a per-rat bounty,
although sometimes payment per job was
arranged (Matthews, 1898). Rats were also
captured for the rat-baiting trade, which
rose to prominence after other popular
blood sports, such as bull and bear baiting,
were banned in the early 19" century. Rat-
catchers may also have bred rats to increase
their financial security, rather than relying
solely on what nature provided, and this
practice may have led to the rat fancy and
rat domestication, both of which arose in
Europe during Victorian times. Unusual color
variants captured for rat baiting were instead
saved and tamed, then sold. Although some
claim that the rat was the first mammal
domesticated solely for research, it is unclear
if research or the rat fancy was the primary
driver (Lindsey & Baker, 2006). Many books

have been written on the natural history,
behavior, biology, and research uses of the
rat (Calhoun, 1963; Cooley & Vanderwolf,
2005; Krinke, 2000; Sharp & Villano,

2013; Suckow et al., 2006; Sullivan, 2005;
Waynforth & Flecknell, 1992; Wishaw &
Kolb, 2004). Brown rats are clever, social,
physically robust rodents (Ben-Ami Bartal et
al., 2011), who are used extensively in every
aspect of teaching and biomedical research,
from psychology to genetics to safety testing
to infectious disease to neuroscience.

Species-typical characteristics
of laboratory rats

Origin: Laboratory rats are domesticated
wild brown rats with no genetic evidence
of crossing with black rats (Rattus rattus)
(Hedrich, 2006), unlike laboratory mice,
which carry genes from several closely
related species and subspecies (Didion &
de Villena, 2013). For the rest of this work,
“rat” will be used to refer, specifically, to
the brown rat rather than any other rat
species in use in research or found in the
wild. Inbred strains and outbred stocks

of laboratory rats originated in the early
20" century in the laboratories of H.

H. Donaldson and W. E. Castle (Castle,
1947; Donaldson, 1912). Rats have been
selected and bred by humans for various
characteristics such as coat color, tumor
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susceptibility, disease development, or responses to compounds (Castle, 1947). Domestic rats
differ from their wild ancestors in several important ways, including greater docility, larger
body size, and increased fecundity. However, if released into the wild, laboratory rats will
readily revert to ancestral behaviors (Berdoy, 2003), so discussion of wild rat characteristics is
appropriate when considering laboratory rats.

Behavior: Rats are social animals, living in kin groups in the wild. The kin group maintains
and defends a home range that varies in size, depending on resources and availability of
cover (Calhoun, 1963; Davis et al., 1948; Taylor, 1978). Above-ground movement trails

are readily apparent in the environment. Residents of a home range excavate an extensive
burrow system with many chambers and exits (Berdoy, 2003; Calhoun, 1963). A burrow
system is typically occupied by a dominant male and related or familiar females with
offspring. Low-status animals, often juveniles, are crowded into territory not claimed by a
group (Calhoun, 1963). Although low-status females may breed, the matings are usually
unsuccessful in producing weaned pups unless the female has a territory and burrow
(Calhoun, 1963). Typically, related or familiar females will communally rear pups (Schultz &
Lore, 1993). Female rats are aggressive in defense of the young and burrow. Gestation lasts
21-24 days, with larger litters generally having shorter gestation periods. Stress may lengthen
the gestation period, probably through embryonic diapause (Pritchett-Corning et al., 2013).

Prior to parturition, a female typically isolates herself in a burrow and builds a nest. Rats
nurse in various positions, depending on security, experience, and demands of pups. Pups
play a great deal once they are mobile at approximately 1214 days of age, and their play
consists of chasing, wrestling, and pouncing (Pellis & Pellis, 1997; Vanderschuren et al., 1997,
see also other work by Pellis & Pellis), all while emitting chirps that some have characterized
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TWO OF THE MANY NURSING POSTURES ADOPTED BY RAT
DAMS: (TOP) BROWN NORWAY RAT NURSING IN THE ACTIVE
COVER POSITION, (BOTTOM) LONG EVANS RAT NURSING IN A
RELAXED POSTURE

as laughter (Panksepp, 2007). Juvenile rats
are weaned by the mother in a gradual
process occurring between 3 and 4 weeks
of age (Cramer et al., 1990) and reach
sexual maturity between 4 and 7 weeks of
age (Kennedy & Mitra, 1963). Reproduction
may occur year round, although it

declines substantially in the winter months
(Andrews et al., 1972). Some laboratory
rats are photoresponsive, indicating that

wild rats may also have reproductive and
other somatic responses to shorter days
(Heideman et al., 2000; Lorincz et al., 2001;
Shoemaker & Heideman, 2002).

Rats are both nocturnal and crepuscular
animals. Wild rats seen above ground
during daylight hours are typically under
duress, either social or environmental. The
mainstay of their diet is plant material,
although they are omnivorous and will kill
and consume insects, birds, amphibians, and
other mammals (Bandler & Moyer, 1970;
Kemble et al., 1985). The early evening is
the peak time for feeding and foraging but
there is a second peak right before sunrise.
In areas of poor resource availability, they
may hoard food, but in urban environments,
food hoarding is apparently rare (Takahashi
& Lore, 1980). Rats will transport food from
exposed sources to protected areas for
consumption (Calhoun, 1963; Thompson,
1948). Rat feeding patterns involve tentative
approaches and repeated small samples

of unfamiliar items (Barnett, 1956) until

they determine that the items are safe to

Comfortable Quarters for Laboratory Animals

Pownloaded feom Vat-¢ Books.com



consume. Rats urinate and defecate near
safe food sites to signal other rats (Galef &
Beck, 1985; Laland & Plotkin, 1991; Laland &
Plotkin, 1993). Juveniles learn foraging skills
and about feeding sites from nearby adults
(Galef & Clark, 1971). Adult rats modify their
food choices by smelling food on the fur,
whiskers, and breath of other rats, but do
not learn to avoid poisoned food that way,
as the preference extends to food smelled
on the breath of ill rats (Galef & Wigmore,
1983; Galef et al., 1983). All rats exhibit
some neophobia when exposed to unfamiliar
foods (Modlinska et al., 2015), although this
is readily overcome by hunger.

Norway rats are strong swimmers (Galef,
1980) but poor climbers (when compared
to black rats) (Foster et al., 2011). They
often assume a temporary bipedal position,
stabilized by their tails, to investigate
changes in their environment. Rat gaits
include a walk, a trot, and a gallop, gaits
common to quadrupeds, although the
gallop is rarely seen in the laboratory due
to the lack of predators and cage-size
constraints (Gillis & Biewener, 2001). Various
postures adopted by rats during intraspecies
interactions are well illustrated by Grant and
Mackintosh (1963) and Barnett et al. (1982).

When not investigating their environment or
foraging for food, rats spend a great deal of
time grooming themselves (autogrooming)
and each other (allogrooming; Bolles,

1960). Autogrooming typically occurs upon
awakening, as a displacement activity or
when anxious, and after eating (Komorowska
& Pellis, 2004). Organized bouts of
autogrooming proceed from rostral to
caudal, beginning with forepaw wiping of
the face and finishing with cleaning the tail
(Sachs, 1988). Allogrooming is often directed
from mother to pup, as well as from pup to
pup; in adults, it can serve to reinforce social
hierarchies as well as promote affiliative
behavior (Pellis & Pellis, 1997).

To delve deeper into the natural behavior
of the rat, the author recommends

Calhoun (1963), an extensive examination
of the behavior of rats in the wild as well
as in a semi-natural enclosure. To view wild
rats in a semi-natural enclosure in action, the
film The Laboratory Rat: A Natural History
is recommended (Berdoy, 2003). Another
overview of the ethology of the wild rat and
its laboratory counterparts may be found in
Warbel et al. (2009).

Senses: As with other rodents, the primary
sensory modalities of the rat differ from
humans, which can make it difficult for
caretakers to detect environmental issues that
may be disturbing rats. Burn (2008) provides
an excellent review of the rat's senses.

The two primary sensory modalities of rats
are olfaction and touch, with hearing and
vision taking a less dominant role. Olfaction
is one of the primary ways in which they
gain sensory input. Rats use pheromones

to communicate basic information, such as
gender, health, and relatedness, as well as
more complex emotional states, such as
anxiety (Inagaki et al., 2014). In rats, sites of
concentrated pheromonal emission include
the perianal region (produced by the anal
sacs and feces), the preputial or urinary
papillar region (produced by the preputial or
clitoral glands, as well as by urine itself), the
face (produced by the sebaceous glands in
the whisker pads), and the pads of the feet
(mediated by the plantar glands). The action
of pheromones is often mediated through
the vomeronasal organ, which communicates
directly with the amygdala, while a typical
airborne odor is recognized by the olfactory
cortex. In other words, pheromones act

on emotions and responses “beneath”
conscious thought. Olfaction contributes to
the sensation of taste as well, and rats have
the same complement of taste receptors
that other rodents have: sweet, sour, umami,
bitter, fat, and salt (Gilbertson & Khan, 2014;
Ma et al., 2007).
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23



24

Rat tactile sensory input is present
throughout the body, but focused on

the vibrissae. Vibrissae, also known as
whiskers, are specialized hair cells with a
large, blood-filled sinus and representation
in the somatosensory cortex. Whiskers

are primarily found on the head, although
some may be found on the carpus as well.
Rats have two types of facial vibrissae, the
macrovibrissae, the large whiskers arranged
in parallel rows on the snout, as well as
the microvibrissae, which are found under
the nostrils and around the lips (see photo,
page 21). Rats explore their environment
with active whisking movements of the
vibrissae (Welker, 1964), as well as head
movements that help them to determine the
shape, size, and texture of objects in their
environment (Hartmann, 2001; Hartmann,
2011). Whiskers on the face and feet also
provide information on speed and foot
placement when running (Niederschuh et
al., 2015; The et al., 2013). Whisking is
consciously controlled by the animal; it is
not a reflexive response to obstacles in the
environment (Berg & Kleinfeld, 2003). The
amount of rat cortical space devoted to
input from the whiskers is roughly equivalent
to human cortical space devoted to hand
and finger input. In addition to the whisker
inputs, rats have touch-sensitive guard hairs
that detect the presence of surfaces against
the body and, like other mammals, have

a subset of neurons that are sensitive to
stroking (Vrontou et al., 2013).

Rats are dichromats with a rod-dominated
retina, as is often found with nocturnal
animals. Their rods have the typical
mammalian sensitivity to light, while

their two types of cone cells have peak
sensitivities at 359 nm (UV light) and 510
nm (‘green”) (Jacobs et al., 2001). Practically,
this means that rats cannot perceive “red"
and behave as though red objects are
opaque. Although facilities do not routinely
expose their animals to UV light, both LED

and fluorescent light act similarly on rats’
circadian systems (Syrkin, 1999). Unlike
laboratory mice, where retinal degeneration
genes are relatively common, there is only
one strain of rats known to be blind, the
RCS rat (D'Cruz et al., 2000). Rat vision
would be classed as “nearsighted” by
humans (distant objects are blurry), but the
severity varies by strain/stock (Prusky et

al., 2002). Their degree of nearsightedness
would render most markers hung on walls
as navigation cues for behavioral tasks
useless (Prusky et al., 2002). Rat vision is
also sensitive to motion, with a sensitivity
2-3 times higher than that of humans
(Douglas et al., 2006).

The hearing range of rats overlaps with

that of humans, although rats can hear
frequencies that humans cannot. Their
hearing range, as defined by sounds audible
at 60 dB, is from 500 Hz to 64 kHz, with
the peak sensitivity (sounds detectible at

10 dB) at approximately 4-32 kHz (Heffner
& Heffner, 2007). In comparison, human
peak hearing sensitivity is from 250 Hz to 8
kHz. Many of the sounds made by rats are
inaudible to humans without an ultrasonic
frequency converter. In addition, noise

in the ultrasonic range, rarely audible to
humans, can cause stress to rats and disrupt
communication.

Rats apparently have one other sense that
humans may not have (or may not be able
to easily access)—that of magnetoreception.
Based on work with mice and other
rodents, it is likely that rats have the

ability to detect the Earth's magnetic field
(Wiltschko & Wiltschko, 2005). This may
help them to navigate or to orient their
nests with the Earth’s axis, the importance
of which is unknown.
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Addressing the species-typical characteristics of rats in the
research laboratory

Caging: The size of the basic home cage recommended differs slightly between the US and
the EU and has changed through time.

Evolution of cage space requirements for rats through versions of the Guide for the Care and
Use of Laboratory Animals (National Research Council, 2011)

Version of the Guide | Number/weight of rats (g) | Housing area per animal | Height (cm)
(cm?)
1963 1-3/250 185.8-650.3/animal 20.3
4-10/250 185.8-464.5/animal
1972 and 1974 Up to 100 110 17.8
100-200 148
201-300 187
Over 300 258
1978 and 1980 <100 110 17.8
100-200 148
201-300 187
>300 258
1985 and 1996 <100 109.68 17.8
100-200 148.40
200-300 187.11
300-400 258.08
400-500 387.12
>500 451.64
201 <100 109.6 17.8
100-200 148.35
201-300 187.05
301-400 258.0
401-500 387.0
>501 >451.5
Mother and litter 800

Although rats can successfully reproduce in much smaller cages than recommended (Gaskill
& Pritchett-Corning, in press; Horn et al., 2012), this may be related to the fact that they
are domesticated animals who have been selected for successful reproduction under various
conditions and stressors. Rats show a strong preference for a larger cage, but desires for
space are subservient to the desire to have conspecifics present (Patterson-Kane, 2002).
Juvenile rats exhibit a great deal of active play behavior and benefit from access to more
space. Basic caging should also be sized so the rat has the ability to express all natural
postures. Cages are often too short for rats to fully extend vertically.
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Cages with solid bottoms are preferred to those with wire floors (Manser et al., 1995; van de
Weerd et al., 1996), although wire floors with resting platforms are seemingly well tolerated.
When preference testing was used to determine the strength of the preference for solid-
bottomed floors, results were inconclusive, as animals would work just as hard to access space
to explore as to access solid-bottomed caging for resting (Manser et al., 1996). However,
when animals were not asked to work for access, a clear preference for solid-bottomed caging
readily emerged (van de Weerd et al., 1996). Rats exhibit signs of stress in cages with wire
floors, whether large or small, if no enrichment is provided (Foulkes, 2004). One reason rats
are still housed on wire-bottomed cages is to prevent coprophagy from interfering with certain
types of scientific endeavor. Coprophagy may occur both through ingestion of feces found on
the cage floor as well as directly from the anus (Ebino, 1993), so the utility of wire-bottomed
cages in preventing all coprophagy is questionable. Transitions from solid-bottomed to wire-
bottomed cages are likely to stress rats (Giral et al., 2011). Metabolism cages, with their wire
floors, lack of cover, and social isolation are likely very stressful for rats (Gil et al., 1989)

Cage space recommendations for rats found in 2010/63/EU
(Table 1.2 in Annex—unchanged from Table A.2 in 86/609/EEC)

Body weight | Minimum Floor area per | Number of Minimum
(9) enclosure size | animal (cm?) animals that enclosure
(cm?) can be housed | height
in minimum (cm)
enclosure
In stock <200 800 200 4 18
and during >201 to 300 | 800 250 3
procedures | =301 to 400 800 350 2
>401 to 600 | 800 450 1
>601 1,500 600 2
Breeding 800 18
Mother and
litter. For each
additional
adult animal
permanently
added to the
enclosure, add
400 cm?
Stock at <50 1,500 100 15 18
breeders in >51 to 100 1,500 125 12
1,500 cm? >101 to 150 1,500 150 10
cages >151 to 200 1,500 175 8
Stock at <100 2,500 100 25 18
breeders in | =101 to 150 2,500 125 20
2,500 cm? >151 to 200 2,500 150 16
cages
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and data from experiments using metabolism
cages should be interpreted through that
filter. The observation of clinical signs in

rats in toxicologic studies is not impaired

by solid-bottom caging (Van Vleet et al.,
2008); in fact, the only impairment in human
observation of deliberately induced mild
clinical signs in rats was found in wire-
bottomed cages. Cage placement on a rack
may also affect rat behavior and physiology
(Cloutier & Newberry, 2010) and should

be considered in experimental design and
analysis.

Typical laboratory rat beddings include: wood
shavings, wood chips, corncob processed

to various diameters, cellulose, and wood
pulp. Rats prefer wood-based bedding with a
larger particle size (Blom et al., 1996; Ras et
al., 2002). Aspen shavings were associated
with a greater rate of lung pathology when
compared to a cellulose-based bedding (Burn,
Peters, Day, et al., 2006). Corncob bedding
has been shown to affect rats’ physiology
with changes in estrous cyclicity associated
with corn’s natural estrogenic compounds, as
well as disruption of slow-wave sleep (Leys
et al.,, 2012; Markaverich et al., 2005). Being
reared on corncob bedding has also been
shown to reduce measures of anxiety in male

rats (Sakhai et al., 2013). Cellulose-based
bedding is well tolerated by rats but does not
provide the absorption of some other types
of bedding (Burn & Mason, 2005). Facility-
wide bedding changes may be difficult to
implement, since the choice of bedding is
often dictated by cost or disposal concerns.

Cage cleaning affects rats by placing them
in a new environment from which all
pheromonal markers have been removed.
Bind et al. (2013) provides a review of how
lab procedures may disrupt pheromonal
communication in rodents. An additional
disruption is that this usually takes place
during the day, when a nocturnal animal is
resting (Abou-Ismail et al., 2008). If animals
are kept on a reverse day-night schedule,
this is of less concern. Schedules of cage
cleaning are reliant on types of caging used,
with frequencies varying from once every 2
weeks to three times per week for various
types of solid-bottomed cages. Rat behavior
is disrupted for about an hour after cage
change (Burn, Peters & Mason, 2006; Duke
et al., 2001; Saibaba et al., 1996), although
this disruption may be related to novelty
and handling rather than disruption of
pheromones, as nonbreeding rats show no
preference for scent-marked cages (Burn &

c‘;‘.}
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Mason, 2008b). Changing the cage of a rat
close to parturition or with newborn pups may
result in cannibalism (Burn & Mason, 2008a).
Rats close to parturition and rats with new
litters should be left undisturbed for as long
as is feasible. It should also be noted that
frequent cage changes may have an additional
follow-on effect of accustoming rats to

human contact and, thus, positively affecting
handleability (Burn, Peters, Day, et al., 2006).

Enrichment: Before addressing
recommendations, a distinction should be
drawn between Enrichment (capital E) and
standard enrichment. Enrichment is typically
seen as part of neurobiology or psychology
projects and usually involves very large cages,
training or habituation to handling, multiple
manipulanda, and a constant changing or
refreshment of offered objects. In contrast,
enrichment entails objects or interactions
that should be readily provided in a standard
home cage. The figure at above right shows
a cage currently being used in an Enrichment
study, while the figure at below right

shows a standard enriched cage. Although
advising widespread Enrichment would likely
benefit rats in some ways, the practicalities
of research make the appropriate use of
rat-relevant standard enrichment more likely
to benefit a greater number of rats overall
(Abou-Ismail et al., 2010; Baumans et al.,
2010; Patterson-Kane, 2010; Patterson-Kane,
2004). It is worth noting that spatially and
socially enriched environments were once
considered unreasonable for rabbits, but the
shift of many institutions to larger pens and
group housing has been relatively rapid. A
similar shift in perspective and practice may
occur with rats now that larger caging is more
readily commercially available. Consideration
of the relevance of the enrichment to rats is
important; things humans find enriching, rats
may not (Krohn et al., 2011).

Rats are social creatures and the most highly-
valued enrichment is a compatible conspecific

TOP: HOUSING USED FOR ENRICHMENT STUDY (NOTE SIZE,
MULTIPLE LEVELS, MANY MANIPULANDA, AND SOCIAL ASPECTS
BOTTOM: STANDARD ENRICHMENT (TWO RATS, ONE TUBE,
ONE BONE, AND LONG-FIBER NESTING MATERIAL)

(Patterson-Kane et al., 2002), although a
physically enriched cage for a singly housed
rat may be more beneficial than a barren
cage with social partners (Abou-lsmail et al.,
2014). If rats are housed in stable groups,
removing animals results in signs of stress

in the remainder (Burman et al., 2008),
illustrating that interactions with cagemates
are important. It is generally agreed that rats
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benefit from social interactions with other rats, and that housing rats singly is stressful, although
some feel that definitive data that support the stress of single housing are lacking (Krohn et al.,
2006). In some cases, physiologic or behavioral differences between singly and group-housed
rats are difficult to interpret (Azar et al., 2011), but in other cases, they seem to support that
singly housed animals are stressed (Kruegel et al., 2014). For example, adult male rats typically
maintain a breeding territory, shared only with females and their offspring, so only subdominant
male rats are found in groups in the wild. Which is more stressful, being the sole dominant
animal in a territory or interacting with another animal to establish a dominance hierarchy?

If it is stressful to be housed with another animal(s), is it eustress or distress, and does the
eustress of the dominant animal outweigh the potential distress of subordinates (Abou-lsmail,
2011b; Hurst et al., 1996)? Regardless, social animals should be allowed the opportunity to
socialize and caging should be sized appropriately for housing rats in groups of two or more.
Rats with implants or other modifications that might make group housing dangerous should be
given extra enrichment and the ability to hide, and may also benefit somewhat from limited
contact—either visual or tactile—with conspecifics (Angermeier, 1960; Hurst et al., 1997; Hurst
et al.,, 1998; Walton et al., 1972). Some investigators are group housing rats with head implants
successfully and this should be attempted when possible (Schwarz et al., 2010).

Other changes to caging are possible and are being investigated by researchers. Rats

may prefer opaque caging (Cloutier et al., 2010), but the necessity of daily animal health
examinations have resulted in most institutions moving entirely to clear caging. Caging that
appears opaque to the rat, such as red-tinted caging, may reduce stress in rats and this

is being examined by researchers; although, as with any change from “normal,” changes

in “normal” physiologic values may occur (Dauchy et al., 2013). Multi-level caging may be
another way of increasing welfare in both singly housed and breeding rats (Wheeler et al.,
2015) since rats are motivated to climb onto objects (Williams et al., 2009). For breeding
pairs of rats, dams will spend time away from their pups if this is made possible by cage
configuration (Cramer et al., 1990). Providing a way for lactating females to temporarily
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escape pups has proven to be beneficial in
other species (Buob et al., 2013; Cloutier et
al., 2013; Dawson et al., 2013).

Rats have been shown to have a preference
for cages with increased interior complexity
(Anzaldo et al., 1994). Also highly valued by
rats is a source of cover such as a shelter,
hut, or box. A nest box is valued more
than nesting material (Manser et al., 1998b),
but if both are offered, both will be used.
The type of box preferred is an opaque,
thermoplastic box fully enclosed on at least
four sides, with a fifth side containing a
small opening (Patterson-Kane, 2003). Any
shelter provided will be used, however, with
the rats both climbing on top of it (if vertical
space allows) and going inside. Rats prefer
long paper strips for nesting (Manser et al.,
1998a; Ras et al., 2002) but will also nest
with paper towels or facial tissue (Bradshaw
et al., 1991; Van Loo et al., 2004). Female
rats are motivated to seek out nesting
material and build nests as they near
parturition (Kinder, 1927; Price et al., 1977),

but the response of male rats to nesting
material may vary by strain/stock (Jegstrup
et al., 2005). Virgin rats may need to be
exposed to nesting material as youngsters
in order to use it effectively (Van Loo et al.,
2004). Nesting material is not commonly
used as standard enrichment; however it
has been shown to improve rat physiology
(Vitalo et al., 2009; Vitalo et al., 2012).

Some means of enriching rat cages have
become standard, such as providing rats
with gnawing items made of nylon, wood,
or plastic (Abou-Ismail, 2011a). Although
their incisors wear mainly on the occlusal
surfaces, rats are motivated to gnaw and
will chew objects placed in their cage

for that purpose. They will also gnaw at
shelters, food crocks, or other objects
placed in their cages. Although rats rarely
injure themselves on sharp edges they
create, objects that have sharp edges from
gnawing should be removed.

Other factors may need to be considered
before implementing enrichments such as

Comfortable Quarters for Laboratory Animals

Dowaloaded fom Vat-g Books.com



foraging or running wheels. Providing rats
with a foraging enrichment (food hidden
under gravel in a metal dish) decreased
aggression and allowed rats to perform
species-specific feeding behaviors, but also
increased rates of obesity (Johnson et al.,
2004). Rats will spontaneously use running
wheels if provided, and the frequency of
use and effects on the rat and research will
differ by sex, strain, and age (Novak et al.,
2012). Standard housing results in sedentary
rats with poorer performance on tests of
agility and strength than rats housed in large
pens (Spangenberg et al., 2005); running
wheels may be one way to manage rats’
metabolic abnormalities (Martin et al., 2010).

Refining husbandry and
research procedures for rats
When considering the rat in research, it

is important to acknowledge that vendors
differ, transport differs, labs differ, housing
differs, husbandry differs, and individual
rats differ. Few of these variables can be
completely controlled for, so it is important
to recognize that all these aspects can
affect research outcomes (Nevalainen,
2014). If thorough information is provided
in supplemental materials and methods
sections of published work, it may be
easier to identify some of these effects

so they may be examined in the future
(Prager et al., 2011).

Relatively few rats are bred at institutions;
most are purchased from vendors. This
means that rats used for research arrive
and must adjust to completely different
housing types, social interactions, husbandry
schedules, enrichment, and food, among
other things. Recent work indicates that rats
may need longer acclimation periods (up

to 2 weeks) after transport than previously
thought (Arts et al., 2014). Once they

have arrived, animals may be identified

through tail markings, tattoos, or microchips.

Marking the tail with a permanent marker

was found to change behavior in rats (Burn
et al., 2008). Behavioral changes associated
with other methods of identification have
not been studied, or the results have not
been published.

Sometimes immediately upon arrival, and
definitely after acclimation, rats undergo
research procedures such as being handled,
weighed, injected, or having blood sampled.
Common procedures that occur in the
laboratory or animal housing room such as
cage changes and weighing stress rats, but
returning rats to group housing decreases
the effects of this stress (Sharp et al.,
2003b; Sharp et al., 2002b). Watching most
research-related procedures does not disturb
rats, but observing (or more likely smelling)
decapitation is stressful (Sharp et al.,
2002a; Sharp et al., 2003a). Rats will react
negatively to certain conspecific residues
such as blood or muscle, while ignoring
others such as brain (Stevens et al., 1977;
Stevens et al., 1973). Alarm pheromones
that researchers cannot smell and alarm
calls that researchers cannot hear should

be considered when performing techniques
in close contact with other rats. Cleaning
equipment such as behavioral apparatuses
used by multiple rats should include both
water and alcohol-based cleaners so that
scent marks and pheromones are removed.

Despite all these sources of stress,
researchers and husbandry staff can

also help rats acclimate to the research
environment and tolerate research-related
procedures. Rats can be easily accustomed
to human handling, especially when young
(Maurer et al., 2008). If humans interact
with rats in a way similar to the way young
rats interact with each other while playing
(called either tickling or playful handling, as
opposed to stroking), rats will also be less
fearful of humans compared to rats that
were not handled (Cloutier et al., 2012).
Handling by humans has been investigated
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as a means of reducing stress associated with common research procedures. Tickling is not
necessarily a better reward when compared to food or stroking after intraperitoneal injection
(Cloutier et al., 2008) but if rats are accustomed to playful handling, they show less aversion
to repeated intraperitoneal injections (Cloutier et al., 2014). Human interaction may be
considered enrichment for singly housed rats, and group-housed rats benefit also (Cloutier et
al., 2013). Rats are readily trained using operant conditioning methods (numerous online videos
show pet rats performing all sorts of feats) but training of rats to perform research-related
tasks, as is undertaken with monkeys and dogs, is rarely attempted. For example, rats can
learn to accept oral dosing of some compounds via syringe feeding rather than oral gavage
(Atcha et al., 2010). Human handling may also decrease the effects of social isolation in rats,
decrease anxiety, and improve learning skills (Costa et al., 2012; Pritchard et al., 2013).

Conclusion

During the process of domestication, we have selected and bred the rats who thrived and
reproduced in the limited environment provided to them in captivity. Although laboratory rats
are domesticated animals, they retain behaviors exhibited by their wild ancestors; working
with, rather than against, those behavioral patterns is a good starting point. Humans must
also realize that the way rats perceive their environment is foreign to the way we do, and
account for this difference. The square centimeters of variance in size of typically available
commercial caging is probably of little importance to rats since, in all cases, it is so much
less than what would be available in the wild. Rats should have solid-bottomed cages with

a wood-product bedding. If animals must be kept on wire flooring, resting platforms must

be provided. Caging should be large enough to allow animals to fully extend their bodies
vertically. Cages should also be large enough to allow rats of any size to be socially housed,
and consideration should be given to the fact that rats will willingly tolerate less space for
conspecific contact. Some retreat from human view should also be available, and rats have

a clear preference for opaque, enclosed nest boxes. Nesting material will also be used by
many rats, as will gnawing items, and provision of those will also enhance animal welfare.
Finally, gentle, considerate, consistent handling by humans will significantly decrease stress on
both sides and result in both better research subjects and better research results.
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