


When a strain has undergone various manipulations such
as foster nursing or embryo transfer, its characteristics may
change. Nomenclature rules were developed to indicate the
various manipulations such as ‘f” (foster-nursing), ‘o’ (ovary
transplant) and ‘p’ (reconstituted frozen embryo) but are not
now widely used.

Specific genes are identified by specific symbols. They
are either underlined or printed in italics and are separated
from the rest of the strain name by a hyphen, BALB/c/J-
nu/+. Plus (+) designates the wild-type (normal) allele; a
lower case letter is used for a recessive gene and a capital
letter is used for a dominant or co-dominant gene, e.g.
C57BL/6-Sp/+.

Mouse Genome is a useful newsletter published
quarterly by Oxford University Press and is sponsored by
the International Committee for Standardized Genetic
Nomenclature for Mice.

Rules for nomenclature of outbred stocks have been
published (ICLAS, 1972) but again have not been widely
followed. Careful management systems must be in place to
propagate outbred stock to ensure minimization of inbreed-
ing (Festing, 1993).

General biology

Mice are most active at night and delight in making nests.
They have poor vision but very acute hearing and respond to
arange of ultrasonic frequencies, such as those emitted by
pups when out of the nest. In the laboratory, they are more
likely to be affected by higher pitched sounds than lower
frequencies. Some strains of mice such as DBA/2 are
susceptible to audiogenic seizures. Mice also have a highly
developed sense of smell and use olfactory pheromones to
communicate. These pheromones are of particular impor-
tance in reproductive biology.

Mice are social animals and can be maintained in
groups. The exception to this is males of some strains such
as SJL and BALB/c who begin to fight at around 8 weeks of
age, even if kept in groups formed at weaning. Old breeding
males will fight if pooled into common cages. Cutting the
stocking rate and placing large amounts of cotton wool in the
cage may help reduce fighting between males, or if the male
mouse is excessively aggressive towards the female in a
breeding pair. Females usually do not fight even if housed
together as adults.

Housing

The design and size of the facility will be dependent on the
needs of the researchers using the animals.

The requirement for animals to be kept at a certain level
of health status will require different husbandry techniques.
These include:

e germ-free or axenic;

¢ defined flora (mice colonised with a limited number of
known bacteria);

e specific pathogen-free (free of designated pathogenic
organisms);

* conventional (health status is not usually defined).

Most mice used for research would belong to the last two
categories.

Cage design

Cages are available commercially with either a mesh or a
solid floor. The solid floor ‘shoe box’ type cages are
preferred by the animals, as they like to make nests and it is

Table 1. Normative data. (From Fox et al., 1984).

Adult weight
Male 2040¢g
Female 18-35¢
Life span
Usual 1-3yr
Maximum reported 4yr
Surface area 0.03-0.06 m
Chromosome number (diploid) 40
Body temperature 37.1-37.4°C
Puberty
Male 28-49 days
Female 28-49 days

Breeding season

None (under controlled
conditions)

Gestation 19-21 days
Litter size 4-12 pups
Birth weight 10-15¢g
Eyes open 12-13 days
Weaning 21 days
Heart rate 310-840 beats/min
Blood pressure
Systolic 133-160 mm Hg
Diastolic 102-110 mm Hg
Blood volume
Plasma 3.15ml/100 g
Whole blood 5.85ml/100 g
Respiration frequency 163/min

0.18 (0.09-0.38) ml
24 (11-36) ml/min
1.3-2.0 ml/beat

Tidal volume
Minute volume
Stroke volume

Plasma
pH 7.2-7.4
CO , 21.9 mM/1
CO2 pressure 40—45.4 mm Hg
Leukocyte count
Total 8.4 (5.1-11.6) x 10*/ul
Neutrophils 17.9 (6.7-37.2)%
Lymphocytes 69 (63-75)%
Monocytes 1.2 (0.7-2.6)%
Eosinophils 2.1 (0.9-3.8)%
Basophils 0.5 (0-1.5)%
Platelets 600(100-1000) x 10*/ul
Packed cell volume 44 (42-44)%
Red blood cells 8.7-10.5 x 10%/mm’
Haemoglobin 13.4 (12.2-16.2) g/dl
Clotting time 2-10 min
PTT 55-110 sec
Prothrombin time 7-19 sec

difficult to breed mice successfully if held on mesh, even if
nesting boxes are provided. Boxes can be made of plastics
which have varying degrees of translucency and also
differing abilities to withstand steam sterilization. Most box
lids are made of stainless steel and have an indentation to act
as a food hopper.

Water can be provided in bottles made of glass or plastic
or in automatic watering devices. Mice will eat the rubber
stoppers in bottles with a sipper tube. This can be prevented
by shielding the rubber or by the use of a cone with a hole
drilled in the top. If the valve (outlet) of the automatic
watering system is outside the cage there is no danger of a
leakage drowning the mice, but mice may kick sawdust and
faeces through the hole and pre-weaning mice may escape.
Care must be taken to flush the system regularly to prevent
bacterial and algal growth.

Bedding and nesting material should have a number of
qualities. They should be:
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* non-toxic to mice

e absorbent

* not excessively dusty

* economical and easily disposed of
* inedible.

Although graded sawdust is very absorbent and is
commonly used, it is dusty and there have been claims of
both hardwood and softwood bedding inducing biochemical
changes and toxicity in mice.

Vermiculite is a dust-free option, although it is more
expensive and cannot be incinerated. Pelleted recycled paper
has recently become available and is gaining in popularity.

Chaff has been used but can cause problems in some
strains due to its abrasive nature and commercial substances
like ‘kitty litter’ (diatomaceous earth) are too hygroscopic.
Although all mice enjoy making nests, it is particularly
important that breeding females are given the opportunity to
do so, and some extra material such as tissue or shredded
paper should always be added to their box. Cotton wool,
although commonly used, can cause problems with the
neonates by becoming entangled around lower limbs and tail
and so is best avoided.

Although environmental measurements for animal
house management purposes are taken at the room level, it is
actually the conditions at the cage level which affect the
mice. Measurements will vary, depending on the cage place-
ment on the rack (for example, mice on the top level of the
rack will be exposed to more light than mice on the bottom),
the crowding of the racks, and whether or not filter caps are
used. Filter caps can dramatically decrease the rate of air
exchange between the cage and the room leading to build up
of ammonia and other gases and an increase in temperature
and humidity.

Lighting

Lighting is controlled in an attempt to eliminate seasonal
breeding. Intensity, spectrum and photoperiod are important
and it is easier to maintain consistency of exposure if the
animal room does not have windows. It is thought mice
prefer lighting to be of a lower rather than higher intensity,
and albino animals’ retinas are easily damaged. However,
low intensity lighting makes it difficult for animal techni-
cians to work in the area. Some facilities resolve this
problem by having half light only unless the technician is in
the room at the time.

The wavelength of light is reported to alter physiological
responses in mice, but the photoperiod is by far the most
important influence, both on breeding and physiological
function. Light cycles of 12—14 hours light and 12—10 hours
dark are thought to give optimal breeding performance. The
consistency of this period is as important as its length and
ideally animals should be bred and maintained for experi-
ments on the same lighting cycle.

Table 2 gives the range of environmental recommen-
dations for the housing of rats and mice derived from the
guidelines published by Canada, Council of Europe,
Germany, Japan, Sweden, Switzerland, UK and USA.

Nutrition

Australia does not have the variety of choice of diets for
rodents as is available overseas. All of the Australian
companies manufacture feed to a dietary standard with
whatever ingredients are available. When compared to a diet
formulated with fixed ingredients, significant variances

Table 2. Environmental requirements for the comfort and well-
being of laboratory rats and mice. (From Clough, 1992).

Relevance to comfort and
well-being of rats and mice

Factor Range

Temperature 23 +5°C Not likely to be stressful or have
major adverse effects.
Relative 55+ 15% As above if achieved in cages
humidity 55 + 10% (already adopted by
some authorities) allows greater
margin for removal of water

from cages.
Ventilation 8-20 ac/h 15 ac/h in fully stocked rooms
rate probably satisfactory provided it

is associated with efficient air
distribution system. New
systems may allow fewer air
changes in room.

Light 60—400 lux  350-400 lux satisfactory for

intensity staff working. Care needed to
avoid retinal damage to albinos
in upper cages.

Photoperiod 12L:12D Not likely to be stressful or have

major adverse effects.

Lack of information of wave-

length effects but no evidence

that daylight-type fluorescent or
tungsten lights have adverse
effects.

Sound ~50dB(A)  Current recommendations all
& NRC45  related to human ear function
to <85dB and are irrelevant to animal

hearing. This factor is the one
most likely to give rise to
discomfort and lack of well-
being in these species.

Wavelength

between batches occur. Many diets sold in this country
would have 18-22% protein and 4-5% fat. However, rapidly
growing animals and lactating females have a higher
requirement for energy and although that dietary fat level is
adequate for maintenance, most inbred strains would do
better on a diet with a fat level around 10%. However,
significant strain variation does occur with DBA/2 mice,
being one strain which has been reported as preferring a low-
fat diet. Feed may be sterilized by autoclave or y irradi-
ation—if so, extra vitamins are added during manufacture to
compensate for loss during the sterilization procedure.
Vitamin K is added to diets designed for germ-free animals.

Although tap water is commonly used, drinking water is
a possible source of contamination and can be sterilized by
autoclaving or reverse osmosis combined with UV treatment
or ultrafiltration. Sterilization, however, does not prevent
in-use contamination by the mice and the bacterial counts in
water far exceed the standards for human consumption after
two days. This can be controlled by acidification (pH 2.5-3)
or chlorination (10-15 ppm). As a rough guide, a mouse
drinks approximately 15 ml/100 g of water and eats 15 g/
100 g of food daily, which varies according to the animal’s
environment and its physiological state.

The ASLAS nutrition sub-committee surveys rat and
mouse diets annually and publishes the data, together with
an acceptable range for dietary constituents and analyses of
possible contaminants in the feed, such as pesticides and
heavy metals (see Clarke et al., 1992).
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Reproduction

Reproductive data are summarized in Table 3.

Table 3. Laboratory mouse —reproductive and developmental
data. (From UFAW Handbook, 1987).

Weight at birth lg
Weight at 20 days 8-12 ¢
Weight of adult 2540 ¢g
Age at weaning 3—4 weeks
First oestrus 25-28 days
Full sexual maturity 7-9 weeks
Oestrous cycle 4-5 days
Duration of sexual receptivity 12 hours
Pseudopregnancy 10-13 days
Gestation 19-21 days
Interbirth interval 3%2-6 weeks
Breeding life 7-8 months

Pregnancy can be detected visually around day 12. Using
abdominal palpation, it can be detected at between 7 and 10
days. The uterus feels like ‘a piece of string with knots tied
in it’. Visible movement of the foetuses and their dropping
into the pelvic inlet indicates parturition will occur within 12
hours. Most dams give birth during the dark cycle.

Pheromones play an important role in mouse reproduc-
tion. Group-housed females tend to be anoestrus or persis-
tently dioestrus. Exposure to male pheromones will result in
the majority of females coming into oestrus by the third
night. This effect, called the Whitten effect, is very useful to
synchronize oestrus so that a relatively large number of
female mice will ‘plug’ at the same time. (A vaginal plug is
formed by a mixture of sperm and the secretions of the male
secondary sexual glands and indicates coitus has taken
place. It remains in the vagina for 12—-36 hours post mating.)

If the mating is sterile, the female will have a psuedo-
pregnancy lasting 10—13 days. The day the plug is found is
counted as day 0. Male pheromones are also important in
promoting early sexual maturation of the female.

Pheromones can have deleterious effects. If a female
mouse mated within 48 hours is exposed to the pheromones
of a strange male, the pregnancy will be ‘blocked’ (Bruce
effect), implantation fails and the female returns to oestrus 4
to 5 days later.

Housing mice together permanently in breeding pairs has
some benefits over the harem situation (where one male is
boxed with a number of females and the females are
removed prior to parturition) as advantage is taken of the
post-partum oestrus. This occurs about 12 hours after partu-
rition but implantation may be delayed for up to a week or
more if the dam is lactating heavily.

Some inbred strains of mice are much more difficult than
others to breed and more prone to cannabilize or mis-mother
their young. To increase the numbers of young which
survive to weaning, ensure that the mice are in a quiet
environment, have generous amounts of nesting material,
reduce the amount of light to a minimum by using opaque
boxes and filter caps and do not handle the mother one week
before parturition and for the first week after littering.
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Topics to be covered in Part 2 include diseases and infection
control, experimental techniques and anaesthesia
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