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What Is a Mouse?

Not a "micro-human”
Not a "test-tube"

Animal, living creature: highly sensitive to

environment, variability...

Species characteristics

Laboratory mice versus wild mice!
Strain / sub-strain characteristics
“The Mouse" versus Mouse Strains
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Plan

Introduction
Mouse ethology & physiology
Health definition & micro-flora

Genetics (p.m.)
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Quality of animal models & research

Diet, cage, density, bedding, ventilation, tempaeat
' 3 noise, vibrations, light cycle & level, stress, dme
e ¢ staff & handling...
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Response
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From Nature ...




.. to the laboratory
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Responsibility: know your animals & care about them
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Species characteristics

Rabbit Stalff, light, noise, movements...
Guinea pig Light / cage position, vitamin C...
Mice Ultra sound, odours, vibrations...
Pig Temperature, visual / noise stress...
¢ Dog Human contact, social groups...
:“'_‘ Cat Socialisation / manipulation...
' Macaques Enrichment, stereotypies...
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Mouse physiological and
ethological characterisitics
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Mouse ethology / physiology

Surface / volume ratio  mouse metabolism

- When resting: high basic metabolism level to generate
heat + tendancy to “cluster” in cages

Isolated mice, adverse phenotype with low locomotor
activity, low room temperature, stainless steel cages... ?

- When muscular activity: acute drop of the basic
metabolism

No calorimetry studies on mice below 22°C  24-25°C
. > 30°C to get a similar metabolic level to a rat
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SOURCE: HEATING, PIPING AND AIR CONDITIONNING (Oct 64)

Les estimations de la chaleur sensible, latente et totale produite par les
animaux en condition de laboratoire, sont indiquées en W par heure

Les valeurs suivantes représentes davantage une moyenne de charge

gu'une valeur de pointe.

Estimation [Estimation |Estimation
ANIMAL POIDS eng |Chaleur Chaleur Chaleur

Latente sensible Totale
Souris 21 0,24 0,48 0,73
Rats 300 1,70 3,15 4,84
Hamster 118 0,39 1,55 1,94
Cobaye 410 2,20 4,60 6,80
Lapin 2600 2,70 8,70 11,40
Chat 3000 3,60 10,90 14,50
Singe 4200 13,30 25,40 38,80
Chien 16000 12,10 36,30 48,40
Chévre 36000 19,40 58,10 77,50
Mouton 45000 29,10 82,40 111,40
Porc 250000 106,60 314,90 421,50
Pigeon 275 0,44 2,23 2,66
Poulet 2100 1,70 9,20 10,90
Homme 70000 106,59 208,33 314,92

Variation de la chaleur produite en fonction du poids
Formule du prof Bergelin: Cr = K(poids)™”

Formule de Fondamentals Handbook: CT = 12,63 W 23
Formule de A Poloni: Cr, = CH/(W connuw/Wx)> "™

Cry / CT= (W connuMix) *™

Ou

Generated heat

1 rat

6.6 mice
0.42 rabbit
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Mouse ethology / physiology

Temperature

. Mouse breed best at 21-25°C (fairly warm)

- BUT rodents do not have good
mechanisms to cope with the heat
colder better than too warm !
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Mouse ethology / physiology

Diet requirements

- Nutritional needs

- Ad libitum / restricted
. Search / handling

- Age / period of life

Level of physical exercise

Adverse phenotypes / pathology / post-op
Access to water / food, soft food... / competition
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Mouse ethology / physiology

. Herbivores / omnivores

. Diet formula & ingredients
- Proteins: fish & vegetal vs. vegetal only ?
- USA: meat meal

. Soy,lucerne (alfalfa): phyto oestrogen
level ?

. Other ingredients
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Mouse ethology / physiology

Fish proteins: yes or no? Quality / consistency ?

High pepsic digestibility (> 95%)

. Good source of essential amino acids, very
complementary to vegetal proteins, avoiding addition of
synthetic amino acids (very sensitive to autoclave heat)

H & °

- Good source of essential fatty acids (long chains,
omega 3 series), very complementary to vegetal origin
# %
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Potential problems due to ‘xeno-oestrogens '’

nfluence on tumour development
nfluence on bone development
nfluence on oestrogen bioassays
Suppression of Immune system
Neural effects (behaviour ?)

Influnence during foetal or perinatal life may
lead to developmental disturbances of the male
genital tract / ovary

Effect on sexual maturity, fertility, reproduction
performances, response to SOV treatment...
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Mouse ethology / physiology

. Teeth growth: hypsodontic

Gnawing behaviour
. Ghaw sticks

. Plastics
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Bedding volatile compounds

400to () **+& $ & In commonly
used European beddings

Induction of liver microsomal enzymes

Heat treatment / autoclave: dramatic
reduction ,)*+& $ &

Vesel et al. Scan J Lab Anim Sci 23:101-104, 1996




Mouse ethology / physiology

Gnawing behaviour
. eating, gnawing polycarbonates
. + licking washing residues (on coat)
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- Pesticides

- e.g. for treatment of wood used for bedding
- Plastics (cages, bottles, shelters)

- .09. polycarbonate, resins, phthalates,

bisphenol A

Polysulione vs. poelycarboenate: impact 2




Mouse ethology / physielogy.

Vision: poor eyesight (comparatively)
In rodents

. Species charateristics: smell, hearing are
dominant

- Albino strains, retinal exposure / sensitivity
degenerescence

- rd1 gene Dblindness




Transparent / opaque ?2ight level, inspection

Transparent + shelter Inspection without disturbing

Plastic / metal ? Noise, heat losses




Mouse ethoelogy: / physiology.
Light cycle & intensity (human / rodent requirements)

. Continuous light: aggressivity, impact on reproduction
. 10/ 14 better than 12 / 12 hours for breeding

Lux o

5001

400 1

3001

2001

100 1




Mouse ethology / physielogy.

. Excellent sense of smell
. Scent making

e Bedding or not, type

* Frequency of bedding changz
and cleaning

e Odour of hygiene products




Pheromon effects

. Crowding females  o0estrus suppression

. Oestrus synchronization: stopping this inhibition,

before placing one to three females with one
male

Male in a female group  over-riding negative
female stimull under crowded conditions +
regularising and accelerating the oestrus

. Crowding can also cause increased pre- and

post-implantationall moertality’ or male fighting

(Bruce, 1970 — Ress, 1961 — van der Lee and Boot,
1956 — Whitten, 1973)




Pheromon effects

Oestrus / mating synchronization: deuble-
compartment cage, separating the male from 2 or 3
mature females (aged minimum 8 weeks) by a
removable grid-type partition for 2 to 3 days.

partition Is removed, matings take place and plugs are
checked




Mouse ethology / physielogy.

Handling

. Change In handlers
. Change of smell of familiar handler, perfumes...

. Type of handling




Mouse ethology / physielogy.

. Nest-building behaviour




Mouse ethology / physielogy.

. Burrowing behaviour







Mouse ethology / physielogy.

. Thigmotropism - thigmotaxism




Mouse ethology / physielogy.

- Somes species are described as “neophobic”

. Dislike or react negatively to some
environmental changes (diet, caging, staff...)

- Rabbits and guinea pigs are specifically
sensitive In this field, mice ?

. Mouse: smell and scent making...




Mouse ethology / physielogy.

Nocturnal (need of reverse lighting?)

Even temporary disruption of light
cycles may have long-term effects on
reproduction

Effect on aggressivity, behavior...




Mouse ethology / physielogy.

Fighting /social interactions

. Cannibalism
= normal behaviour If not causing death




Mouse ethology / physielogy.

. Dominance hierarchies

. Fighting / social interactions
. Stirain charactenstics

. Barbering

. Experimental outcome




Mouse ethology / physielogy.

Noise, metal / metal, wheels, fans...

Music ?
LLevel of ultrasonic hearing

\ibrations

May cause cannibalism of litters,
resorption of fetuses, failure to thrive




Mouse ethology / physielogy.

Ultrasound

Fragile directional sound
Does not penetrate solid surface
Little effect at more than 6 meters from source

At 32 to 62 kHz: repulsive to rodents

Source : Dr Germain Rivard, MouseCare, Ithaca, NDharles River Short Course, 2005




Mouse ethology / physielogy.

e Recommended noise levier
humans is BELOW 85 (60) dBA
rodents iIs BELOW 50 dBA

* Rodent ultrasonic hearing

Source : Dr Germain Rivard, MouseCare, Ithaca, KDharles River Short Course, 2005




Mouse ethology / physielogy.

Low-Frequency High-Frequency Noise Level

I\VC fan

Air supply (cage valves
Cage changing station
Room air diffuser
Metal

Radio

Source : Dr Germain Rivard, MouseCare, Ithaca, NCharles River Short Course, 2005




Mouse ethology / physielogy.

Reproductive biology
. Sexual maturity: 3 (females) - 8 (males) weeks
- Polyoestrus, spontaneous ovulation (~ midnight)
- Pseudopregancy, delayed implantation
. Oestrus cycle: 4-5 days, oestrus ~ 12 hours
. Gestation period: 18 — 22 (average 19-21) days

. Average litter size: 4 to 9 (with extremes from 2 to
12), varies with strain / stock, age, order of litter,
environmental conditions

. Weaning: at 21-28 days of age
- Post-partum oestrus (~ about 12 - 24 h. post-part.)
. Reproductive lifespan variable




Mouse ethology / physielogy.

Post-natal development
Post-partum oestrus: 12 to 24 hours
External ear opening: 3 days
Coat:; well developed at 2 weeks
\Vagina opening: at 3 to 5 weeks
First oestrus: 5 to 6 weeks




Mouse ethology / physielogy.

Observation of animals

Detection of abnormal behaviour
. Assessment of general condition

. Sluggish

- Hunched

- Piloerection

- Ungroomed
. Sterotypies

training: ‘know your species’




Mouse ethology / physielogy.

Learning capacities ‘stimulated’ by enrichment in
breeding environment

. Cage, stimulations (handling, vision, odours, group...)

Response In testing influenced by:

- Sound / ultrasound stimuli (corridor !)
- Odours

. Time / experimental design — seguence
- Etc
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Health definition & micro-flora




Health definition

1. No zoonotic risk Speciespecific

No pathogen

(major, minor) Immunestatus

3. No interfering agent  Researclspecific
(major, minor)




Health definition

IHost
Strain, individual, age, health...

-l
A

Infectious agent Environment

Type & infectious load Ventilation, density, stress...




Relevant SPE definition & monitoering
RPV /[ MPV: interfering agents

Contaminant of cell lines & transplantable tumours

Affects T cells in culture (CD4 — CD8): loss of function, viability
and proliferation in vitro

Reduces cytolytic capacity of T cells

Modifies the proliferation rate of lymphocytes in spleen and
lymph nodes

Oncology:

Accelerate tumour allograft rejection (MPV)
Contamination of transplantable leukaemia cells (RPV)
Madifies clinical signs and leukaemia in delay, intensity (RPV)




Relevant SPE definition & monitering
Example of MIHV strains / Isolates

MHV (JHM) inflammation in the CNS during acute
Infection, Immune-mediated encephalitis system

2 plaque-size variants (in tissue-culture) of the neurotropi
JHM strain of mouse hepatitis virus:

JHM-DL (large plagues): acute encephalomyelitis

JHM-DS (small plaques): replicates more slowly, I
virus yield in vitro, less virulent, demyelination

High mutation rate in coronaviruses: « each isolate is a n¢
strain » (no proof-reading mechanism + RNA recombinati




Health definition

Impact of opportunistic organisms?

Immune status

Fragilization: age
human disease models
adverse phenotypes
treatment, Irradiation

Infectious / environmental co-factor(s)




IHealth definition
"Specific and Opportunistic Pathogen Free"

SPF list (FELASA) +
Staphylococcus aureus *
Proteus sp *
Pseudomonas aeruginosa *
Klebsiella pneumoniae / oxytoca *

Streptococci b-haemolytic

Pneumocystis carinii

Corynebacterium bovis

Helicobacter spp

All protozoans

Any micro-organism causing a lesion
* bio-exclusion markers




Health definition

"Specific and Opportunistic Pathogen Free"

Immunocompromized lines

Fragilized lines

Special applications

Security colonies




Corynebacterium bovis

. In nude mouse: scaly skin disease

.- Skin hyperkeratosis, diffuse and persitant
acanthosis, discrete non purulent dermatitis,
no mortality, some individuals show a growth
retardation and moderate dehydration, whitish
skin flakes, dehydration, weight loss

. Chronic carrier state

. Interference with xenograft growth

. Infection of cell lines




Pneumocystis carinil

- Wide range of species
Respiratory transmission  lungs (eyes, skin)

Inapparent in Immunocompetent hosts, healthy
carriers

- Slow progressive chronic pneumonia, weight
loss, high morbidity and mortality in immuno-
compromized hosts

Mouse: multinucleated giant cells in addition to
usual interstitial / perivascular infiltration, lung
consolidation and intersitial fibrosis




Helicobacter bilis, typhlonius...

Large intestine, induction of IBD in immuno-deficient mice

(scid, IL10 -/-, TCRa -/-) or accelerate the development in
mdrla -/- mice




p47 -/- knock out mouse

. p47 -/- mice, aged ~ 15 weeks
. SOPF, In filter-top cages

. Paw phlegmon / abscesses, inflammatory
reaction, pain with behaviour modification

. Euthanasia, bacteriology

- Isolation of Staphylococcus xylosus (pure
culture) from abscesses




@ CF mouse
B6.129-cftr tmlHgu

. Death just before or after first parturition

Isolation of Pseudomonas aeruginosa

- Re-derivation SOPF
normal life expectation




Health definition ?

No zoonotic risk
No pathogen
N[O

nterfering agent

“Normal reactivity”: researnch specific
Positive microflora effect on health
Positive microflora effect on research




Intestinal micro-flora

Variability

o Qualitative gradient

Stomach  colon
Colon: only location with very stable flora

* Transit flora more polymorphic
o Longitudinal & transversal (lumen  wall,
adhesion to epithelium)

o Quantitative gradient
» (Esophagus / stomach (102- 102/ ml)
J caecum (1010- 1012/ ml)




Intestinal micro-flora

> 10 /g

Bacteroides < 10° /g
Eubacterium
Peptostreptococcus
Bifidobacterium
Clostridium

Lactobacilli
Enterobacteria

Source: Dr MC Moreau, INRA




Intestinal micro-flora and host Immunity

Barrier effect
Activation of Immune systems
Modulation of specific Immune responses
Regulation of Immune response




Intestinal micro-flora and gut biology

Nutritional role (fermentation)
Motricity
Gut trophicity.
Anatomy (caecum size)
Gasous homeostasy




End of part 1
p.Mm.; palt 2 - Genetics




