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RREEDING AND CARE OF LABORATORY ANIMALS

The purpose of this manual, which is intended for develeping countries, is to
provide basic knowledge abeut the breeding and care of mice, rats, guinea-pligs and
rahbits used for laberatory diagnosis and for the preduction and control of vacelnes,
reagents and drugs.

The stress is on the practical aspects. Priority is given to simple procedures that
can be applied without extensive resources, for the productlen of cenventional animals of
higher quality than the animals generally available in the countries concerned.

More advanced techniques sueh as the production of "specific-pathogen-free" (S5FF)
snimals are treated as ideas to be considered for the futwre. They can reasonably be
considered only during a second stage when persommel slready qualified in the basic
techniques are available, together with specific techmelegical support.

VOLUME ! is primarily intended for people in charge of the planning, organizatlon,
management and operatlion of the laboratory animal unit, particularly the supervision of
the animal keepers. It indicates how to select the techniques and methods best suited
for the current lecal comditiens,

VOLUME II is intended, but not exclusively, for the wvarlous categories of staff
responsible for looking after the animals, and deals with the practical problems they
encounter in their everyday work. It concentrates om the problems of breeding snd care
and does not desl with the procedures involved in the experimental use of animals: e.g.,
different types of sampling, administratiom woutes for various substances, anaesthesia.
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CHAFPTER 1.

HANDLINCG

Anlmal handling is an important matter. Proper handling should ensure:

- the least possible stress for the animal and avoidance of all risk of cuts,

hrulzesz, eteo;

- the safety of the technician (aveldanece of seratches and bites);

- establishment of the indispenzable good rapport between man and animal.

The correct handling technique for sach species cannot be taught in a theoretical
way, but must be acgquired with regular practice,

1. General principles

- The animal should be appreoached gently and unhurriedly, with neither sudden movement

nor hesitation.

- Once the animal is grasped it sheould be held firmly, but not se tightly as to make it

struggle or break loese.

- The use of tongs ls not at all adviszable, except with infected animals which could

infeet the handler by biting or scratching.

- Pregnant females should be handled with care and enly if absolutely necessary.

The handling technique should be adapted to suit the morpholegy and natural

behaviour of each species.

2. Mice

The mouse is the only laboratory animsl
which can be handled by grasping the base
of the tall bhetween thumb and index finger.
Never lift a mouse by the tip of the tail
since it can turn and bite the handler
(Fig. 13,

To immobilize a mouse, hold the scruff of
its neck between index finger and thumb,
turn the hand zo fhat the animal’s back
rests along the palm and grasp the base
of the tall betwsen ring finger and
little Einger (Fig., 2).

g L "\
TR




3. Rat

The rat sheould never be taken by the
tail. Put the palm of the hand on
the animal's back and immobilize its
head with the thumb (Figs 3 and 4).

Fig. 3

For more secure Immobilization and when
dealing with larger animals, both hands
may be used (Fig. 5).

Fig. 5

Fig. 4
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4, Guinca-pig
Same technique as for the rat (Fig. 7). When dealing with adult animals and

pregnant females in particular, the free hand should be cupped under the animal’s hind
quarters in order to suppert the bedy weight (Fig. 6).

Fig. & Fig. 7
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5. Rabbit

To take a rabbit from a ¢age, grasp its ears with one hand and place the other hand
under the animal’s abdomen. Lift with both hands at once.

In order to carry & rabbit, place the index finger between the ears and the other
fingers round the animal’s head te heold 1t still. The other hand bears the animal’s
weight. It should be carried either in a vertiecal position with its belly against the
handler or in & horizontal pesition (Figs 8 and @),

Fig. 8 Fig, 9
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CHAPTER 2. SEXING
Sexing is a routine operatien in the breeding process, since it 1s necessary to!
determine the sex of animals in the pre-pubertal period;
mate the breeding animals whose sex iz known.
Sexing of adult animals presents few problems;

sexing of pre-pubertal animals is more difficult since in some species (such az the
rat) the testicles do not drop intoe the scrotal cavity until puberty.

Rats and mice
In neonates and young, identification of sex is based on:

examination of the ano-genital area. The distance betwsen anus and genltal papilla
in the male iz approximately twice that in the female (Fig. 1).

MALE N0 GENLTAL
DISTANGE

FIG. 1. EXTERNAL GENITALIA OF YOUNG RATS.

Exsmple: rat - average ane-genital distance, measured in millimetres:
Male Female

Birth

1 weak
2 weeks
3 weeks

- teats are visible:

- from third to thirteenth day in female mouse;
from eighth to fifteenth day in female rat.
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From the thirteenth day in the mouse and the fifteenth day in the rat, the teats are
hidden by hair.

« In pilgmented strains there are two =small, lightly-pigmented patches in the male on
either side of the genital papilla. In adults the genital organs are easily
identified (Fig. 2).

SCROTUM
ANUS

ADULT FEMALE

FIG. 2. EXTERNAL GENITALIA OF ADULT RATS

2. Guinea-pig

Anus and genital area are very close
together both in male and in female (Fig. 3).
The distance betwsen them cannot serve as
a criterion. For sexing, the guinea-pig must
be held in the vertical position, its back
apainst the handler, whose upper hand should
held the animal by the neck while the lower
hand holds the animal’s hindquarters, exerting
slight pressure at the genital area with the
thumb in order te svaginate the penis or
display the vaginal orifice.

FIG 3. EXTERNAL GENITALIA OF THE GUINEA.PIG

3. Rabbit
The gexing of rabbits under & weeks old iz a difficult procedure.

Held the ears with one hand to keep the animal still, With the fingers of the free
hand exert slight pressure above the anc-genital region,
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- 1n the male: the rounded tip of the psnis appears (Fig. 4).

- In the female: the vagina appears as a fissure stretching towards the anus
(Fig. 4}

SCROTUM
PENLS

FEMALE

FIG. 4. EXTERNAL GENITALLA OF ADULT RABBIT

For very young rabbits, hold by the hind limbs (Fig. 5) and press lightly with bath
thumbs on either side of the ane-genital region.

N
)7 0

F1G. 5. GSEXING TECHNIQUE FOR USE ON YOUNG RABBITS
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CHAPTER 3. IDENTIFICATION AND MARKING

Tt is often necessary or useful to be able to identify animals:

either individually
- to ascertain thelr pedigree (for the maintenance of consanguinesus strains);
- ta obtain information on individual perfermance,

or in groups

- to distinguish one batch from another,

Marking procedures are used for animal identification:

systems for direct reading, consisting of numbers, letters
or & combination of the two:
codes, with marks denoting:

& number;

a characteristie:
membarship of a group;
performance.

1. Mathods

1.1 Identification by code

1.1.1 Colours: 1laboratory stains are generally used in 3-5% solution in 70% alecchel,
with the exception of picriec acid which should be prepared in saturated selution:

blue: trypan blue
vielet: gentian violet
green: briiliant green
red: fuchsine
vellow: pierie acid

Technique appropriace for light-coloured animals only:

- the stain is applled with a brush, against the lle of the fur, the length of the
animal’s coat:

- repeat every three weeks. This marking system is temporary.
The code consists of applying stain to a given leecation: head, back, base of the

tail, right haunch, right sheoulder, left haunch or left ghoulder. Combinations of two are
also possible: head and left haunch, back and right shoulder. (Fig. 1).
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FIG. 1
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HOLES AND NiICK5 ARE USED TQ INDICATE TENS ON THE LEFT EAR AND UNITS QN THE
RIGHT, THIS CODE GOES UP TO THE NUMBER 99 AND IS USED MAINLY FCR MICE AND

RATS,

FIG. 2.
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TENS UNITS HUNDRERS
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FIG. 3. MOLES AND NICKS ARE USED TO MARK HUNDREDS ON THE RIGHT AND/OR LEFT EAR. TENS
ARE MARKED ON THE RICHT FAE, UNITS ON THE LEFT. THI5 GODE GOES UP TO %99 AND IS5
USED MAINLY FOR RATS.
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1.1.2 Ear punching: mnicks and holes are punched in the ears, in various combinationsg

corresponding to numbers in a code. There are various codes (Figs 2 and 3). This
marking system 1s permanent,

- Rate and mice: holes 1,5 mm in PUNCH FOR MARKING RATS AND MICE,
diameter made with a punch for marking
the web of chickens® feetr (Fig, 4).

- Guinea-pig:r holes 3 mm
in diameter made with a
leather punch,

wWh po11i0

FIG. 4
- Rabbit: notches made in the
ears with scissors. This can
only be dene to newborn snimals.
For numbers greater than 10 both
ears are used (Fig. 5). l
4
. ~ 3 S e
g 1
’ 5
A S \Je],
{
FIG. 5

1.2 Direct identification

1.2.1 Descriptive method: animals with variegated ¢oats are identified by their colour
markings:

- by a description of the location and colour of the patches;

- by transeription on to a drawing of the right and left prefiles of the animal
(Fig. 6);

- by photographs.




1.
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2

.2

[ar-tags: ear-tags of metal
or plastic are stapled on,
These identify the animal In
clear with numbers or letters
(Fig. 7).
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1.2.3 Tattooelng: this requires special instruments. The numbers or letters are
inscribed in ink, usuwally on the inside of the ear. Such identification is permanent.

1.2.4 BRipgs: wings, which are gemerally of metal with inseription in clear, are used

for rabbits, They are put on the hind leg above the tibio-tavszl joint Small breeds of
rabbit are ringed at &6-7 weeks, and large breeds at 9-12 weeks,

2. Methods mest cemmenly used for the different species

The choice of method depends on:

- species;
- age;
- purpose of research;

- permanent o temporary identification;
- individual or group ldentificacion.

Staing | Ear-punching | Description of Tagging | Tattoo Leg-ring
markings

Mouse X X

Rat X X

Guinea-pig X X x x X

Rabbit x x X x X x
{diameter
depends on size
of animal)
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CHAPTER 4. RECORDING OF DATA

The rational management of an animal unit requires awareness in particular of:
the numbers of the various categories of animal;
reproduction perfeormance;

the filiatlon of individuals.

The data recording system should be devised to mateh the aim ip view: e.g.,

management., selection, maintenance of strains. Depending on the system selected, this
will require:

1.1

a method of identifying each animal (Chapter 3);
a cape record (label) on which the occupants are identified and on which the birth of

new litters and any observations relating to experiments or other matters can
regularly be recorded;

permanent documentation from which genealegies are prepared and in which reproduction

performance or characteristics are noted;

day-to-day decumentation (animal inventory).

The cape record: dabel {Annex 1)

The label identifiez the occupants of a cage or a run,

Material: usually cardboard of varieus colours for easy identificatiom ef the

categories of animals:

1

1

1.

2

2,

2.

- breeding snimals - strain - ewperimental group
- weaned young - generation.

2

The label bears all requisite information on the occupants of the cage or run: &.g
nunher, fex

1

Information

. date of birth, as well as informatiom on experiments where appropriate.

Brecding snimals inm pzirs (1 male + 1 female) or isolated famale:

- atraln;

- identification mark or numher:

- date of birch;

- date of mating;

- date get for sacrifice;

- date of birth of litters;

- total number of young,

- mumber of weaned young {males, females).

Breeding animals in a permsnept polvgamous unit: (zeveral females + 1 male)
{(Annex 2}

Reproduction performance data cannot be given for Individual females:

strain;

- number of female and male breeding animals;
- identificetion number;

date of formation of the unit (mating);
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- date set for sacriflce;

- date of birch of litters;

- number of young;

- date of weaning;

- mamber of weaned young (males and females).

1.3 Attschment

The label is generally set in a label holder, a metal plate with lateral fo%ds inte
which the label can be slotted. The label holder can be fixed to the cage permanently or
temporarily.

1.4 Recommendations:

- When cages are changed make sute that the lLabel is moved to the appropriare cage,
- Markers such as coloured tabs can be slipped intoe the label holder to indicate:
- gperations to be conducted (suech as weaning, changing cage);
- observations (animals with diarrhoea, animal found dead, anomaly observed, etc.).

2. Fermanent documentation

The objective determines the type and method of presentation of the data.

2.1 Mainrenance of consanguineous strains - permanent couples

In order to keep a consanguineous strain, the first prerequisite is to establish the
genealogy of each individual in the strain. This applies patrticularly to mice and rats,

2.1.1 Individual identity

The "identity number" usually contains three components which link the individual:
- to the previous generation: parents' mating number;
- to its parents: serial number denoting the litter to which it belongs;

- to its brothers and sisters: a letter or figure to denote each individual in a
given litrer.

Example: mouse number "23.-7-b"

"23": 23rd mating of the generation (matings by each gemevation are recorded
in chronelegical order)

"7v: 7th litter of the mouse’'s parents,
"b*:  individual "b" of that 7th litter.
2.1.2 Repgistraticon: there are two procedures:

(i) Single-repister system (Annex 3)

This register contains data on:
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{a) The parents:
- identity numbers of the male and of the female;
- identification mark. It must be noted that for practical reasons the
{dentification mark on the Individual might not be the same as the identity

number entered on a document;

- mating number (following chrenological order of marking by parents’
generation)

- date of mating.
- date of sacrifice,
{h) The litters:

- identity number consisting of the parents’ mating number and the serial number
of the litter in the sequence of litters produced by the couple.

Exarple: Litter No. "179-2"
"179%; 79th mating registered for the parents’ generatioen;
R 2nd litter of the couple:
- date of birth of litter;
- number of weaned young;
- allocation of lettar or figure to each member of the litter;
- observations or remarks on each member of the litter.
(11} Pual-reglster system {see Annex 4)
{a) Mating register. This includes:
- the parents: same information as in single-register system;
- the litters: this states simply
- identity number of litter:
- date of birth of each litter,

- number of weaned young from each litter,

(b)Y Litter register:

- {dentity number, comprizsing parents’ mating number and "serial number"
determined by the chronclogical order of births of litters in one generation
and mot te the same pair as in the szingle-register system.

Example: litter *132. 150" (see Anmex 4)

*132" is the mating numher of the parents (sce "Mating Register", Annex 4},

M150" is the serial number of the litter in its gemeration (see Litter
Register, Annex 4);
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- date of birth of the litter;

- number of weaned young;

- allocation of letter or figure to each individual in the litter;
- observations or remarks on each individual in the litter.

2.2 Neon-permanent polygamous units (the females are zeparated from the male and ecach
female is iselated for giving birth)

The "individual record" system is used, together with a simplified system for
allocation of the identity number. This system is used mainly for puinea-pigs and
rabbits, and occasionally for rats.

2,2.1 Repister for sllocation of identity numbers

An identity number is given to each breeding animal by simple entry in a register
according to the chronelogical sequence of matings,

2,22 Ipdividual record cards (Annex 5)

These record cards are generally used for breeding females. They ecan be used for
males also 1f information on their reproductive performance is required (for male
rabbits, for example). They contain data on:

=  identity nurber of female (or malc);
- identification mark;

- date of birth:

- date pof death or sacrifice;

- identity number of parents;

- ldentlity number of mate;

- date of birth of litters;

- number of young;

- number of males and females weaned;
- observations,

These "record cards" can be used to calculate a "productivity Index"” for esch female,

which facilitates:
- elimination of poor breeders;

- selection for breeding purposes of the descendants of the females which perform
best,

2.3 Permanent polygamous units (where the females are not separated from the male)
(Annex 6)

This involwes the use of 2 “unit record card" which contains:

-  the unit number:

- the number of females;

- the number of males;

- the mating date of the unit;

- the date of elimination of the unit;

- the date of birth of voung;

- the number of young;

- the number of weaned males and females.
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il Day-to-day dogumentation

In an animal unit the staff must:

- know how many animals of each categery are available at any given time;
- analyse the overall statistics on unlt performance, in order to:

- adapt production to demand,
- detect any drop in preductivity or amy nutritional deficiency.

1t i3 recomnmended that the following be compiled:

1.1 A weekly return for each room, species or strain, This document shows the number of
animals available (Annex 7).

1.2 A monthly summary return, whose analysis allows production to be adapted to demand
(Annex 8).
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CAGE/PEN LABEL FOR BREEDING PAIR OF ISOLATED FEMALE

IDENTIFICATION MARK:
IDENTIFICATION MARK:
DATE OF MATING:
DATE OF LDEATH:

LITTERS

WEANED DATE
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ANNEX 2

CAGE/PEN DOCUMENT FOR BREEDING ANTMALS IN PERMANENT POLYGAMOUS UNIT

STRATR: .o\ooennnnnn. DATE OF MATING: ...........
NUMBER: .\ ooennnnn... IDENTIFICATION NUMEERS .. ...
FEMALES

MALES: . ... .. ......,

BIRTRHE WEANED YOUNG

DATE KUMEER DATE RUMEER

*
whara appropriate




WHO/LAB/88, 2

page 25
ANNEX. 3
PERMANENT DOCUMENTS - SINGLE REGISTER SYSTEM®
stRarn:  RAKA -
MaTING NO: .1 F9.... paTE: L% ©1-%8
SR <h
FEMALE No.: .2%- “ IDENTIFICATION: =3B DIED/SACRIFICED: .......
MALE No.:  .Bks 3¢ 1pENTIFICATION: Glo DIED/SACRIFICED: .......
riprer: LA LITTER: 'F9-2
DATE OF BIRTH: NUMBER : DATE_ OF BIRTH: NUMBER ;
25 .02 8% - T L& D2 ¥E
WEANEQD YOUNG OBSERVATIONS WEANED YOUNG OBSERVATICNS
& o ﬁmmkﬁfE{,LwavmthU d) =
3 9 hack S ED S
< S
D e D, G0 g ®
e) o shun Tsk d) o'
£ o J,‘amnlmma
g) ¢ B b
LITTER: LITTER:
DATE OF BIRTH: NUMBER DATE OF BIRTH: NUMBER
WEANED YOUNG OBSERVATIONS WEANED YOUNG OBSERVATIONS
LITTER: LITTER:
DATE OF BIRTH: NUMBER DATE OF BIRTH: NUMBER
WEANED YQUNG OBSERVATIONS WEANED YOUNG OBSERVATIONS

* In each strain a group of mating numbers are set aside for each generation.

e.g.: generation 1; WNos 1-100
generation 2: Nos 101-200.




WHO/LAR
page 26

ANNEX 4

/88.2

PERMANENT DOCUMENTS - DUAL REGISTER SYSTEM™

1. MATING REGISTER

stratn: .G 3 H

MATING NO: 132, pate: 150188
FEMALE NO: &1 2o IDENTIFICATION: &1 DIED/SACRIFICED:
MALE NO: Zi 2. IDENTIFICATION: Zl. DIED/SACRIFICED:
LITTER: DATE OF BIRTH: NUMEER :

13£ 150 JSr0E - 3% L

F32-i%2 Zir vz, 8% 9.

(32, 2b0 12. D3 %% 8.

STRAIN: .. ...,

MATING NO: 133, DATE: ......
FEMALE NO: . .... IDENTIFICATION: ..... DIED/SACRIFICED:
MALE NO: . .... IDENTIFICATION: ..... DIED/SACRIFICED:
LITTER: DATE OF BIRTH: NUMBER

* ] . s -
In each strain a group of mating numbers are set aside for each generation.

generation 1:
generation 2:

-

Nos.
Nos.

1-100
101-200,
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aAnnex 4
2. LITTER REGISTER
sTRatN: ... 3H... .. )
MATING NUMBER OF PARENTS: /5% SERIAL NUMBER OF THE LITTER: 190
{(in generation)
DATE OF BIRTH: .I19:0Z.%% momeer: | UL
WEANED YOUNG OBSERVATIONS
a
b)
g
stratn: ... C % H
MATING NUMBER OF PARENTS: 1850, SERIAL NUMBER OF LiTTER: =2/
(in generatien)
DATE OF BIRTH: o©ovvrrrnrnnns., NUMBER: .......

WEANED YOUNG OBSERVATIONS
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ANNEX 5
INDIVIDUAL RECORD CARD®
SPECIES: Identity number Identification mark Identity Date of
STRAIN: father | mother birth | death
SEX:
Date of | Tdentity | Date of Cage/run | Number of | number of | REMARKS - OBSERVATIONS
mating | number birth of | mumber young born | young
of mate litters waaned

*
This card may be used in the context of non-permanent,
wipdividual record” for females which are isolated for birth.

used also for male rabbits, for example.

polygamous matings as an
This type of card may be
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ANNEX &

MONTH

{1) Number of
breeding females

(2y Number of
breeding males

(3) Number retained
for breeding:
males
females

{4) Number in stock

Total number (1+2+3+447)

TOTAL
FOR
YEAR

{3) Number of
litters weaned
rer month

(&) Total number
of young weaned

per month
(7) Number
required asz
"surplus®: male
Female

(8) Number sacri-
ficed for other
TEa350Mns ! male

female

(9) Number provided
sold for experi-
mentation: male

female
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Annex 8
MONTHLY SUMMARY RETURNS
MONTH J F M A M J J A 5 0 N D TOTAL
FOR
YEAR

{10) Total ussahlea
production (7+%9)

{11} Number of young
produced per
female/week (1021

(12) Average number
of young weaned
in each litter
(6:5)

(13)™ % morrality
“before weaning

* ,
This percentage is calculated from the data en the labels, individual record
cards or unit record cards.

The survay covers only a proportion of litters bora in the month (15-25% of
litters).
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CHAPTER 5. BREEDING

Genera erations

It is difficult to give "normal" parsmeters for breeding for the different species
since they are influenced to a very large extent by:

- the strain or race;
- enviremmental factors, such as:

(1) temperature, lighting, season, ete. (physical factors);
(ii) nutrition;
(iii) social faetors such as the presence or sbsence of other animals.

The figures given for the various species are therefore mean values (see Table 1).

{a) Pube rty

The stage of development where the animal reaches sexual maturity, The age at which
puberty occcurs depends on specieg amd strain, as well as on climatic and nputritional
factors.

Puberty manifests itself in:

- the opening of the vagina in the female;
- the descent of the testicles into the sc¢rotum in the male of certain species
(such as rat),

Laboratory animals are mated for the first time shortly after the signs of puberty
appear.

(b) Estrgus cvecle

From puberty onwards, the genital tract in the female undergoes a series of eyelical
and repetitive transformationg, celled the "estrous cycle”, which consists of four
phases: proestrus, estrus, metestrus and diestrus. The length of the cycle varies from
ene species to another.

(c) Estrus

1t 1s important for the animal breeder to know when the female is in the estrus
phase, since it is then that she can be fertilized.

- she is receptive to the male. This is the period of “heat";
- ovulation takes place. In the female of some species ovulation is:

- "spentaneous" (rat, mouse, guinea-pig), while in others it is
“induced", 1.e. caused by coitus or any other stimulation, as in the rabbit,

{d) Poztpartum estrus

In rat, mouse and guinea-pig, an estrus occurs a few hours after parturition, If
the male is present, rthe female can be fertilized. This iz very impeortant from a
praetical point of view. An advantage of all "permanent"” mating systems over the
"non-permanent” systems is this possibility of fertilizing the female during the
postpartum estrus,
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(e} Pgeudo-pestatign
4fter copulation that dees net result in fertilization there is no estrus, and
therefore no ovulation, for a certaln time. This is called *pseudo-gestation”. During

that period, the female 1: not receptive and cannot be fertillzed. The length of
pseudo-gestation varies from one species to another,

(£) "Controlled" mating

Male and female are left together until ¢opulatiom and separated immediately after
{rabhit).

(g} Yaginal plug

In some species the sperm coagulates o the vagina after ejaculation. The vaginal
plug is solid, whitish and somewhat conical. This "plug" is rapidly eliminated in some
gspecies (rat, rabbit) and in others (mouse) may remain up te 24 hours. The detectlon of

a vaginal plug in a female tells the handler that copulation has taken place but not
necessarily fertilization,

(h) Vaginal gmear
The estrus can be detected by vaginal cytelogy. The technique consists of taking

desquamated vaginal cells in order to determine the proportions of the wvarious types of
cells,

Mating gystems
Laboratory animals are mated in accordance with systems that depend on:
the biologlcal features of the species;
- the types of animal required (consanguineous or not);
- production requirements.
These systems are classed in two groups, each of which has two varieties:

"Permapent” mating: the female is not separated from the male at the time of
parturition, Mating is effected in one of two ways:

- “"monogamous" mating: one male and ons female are put together and
constitute a couple;

- "polygamous” mating: one or several males are put together with several
females to form a breeding unit,

"Temporary” mating: the female is separated frem the male durlng pregnaney, and
birth takes place in the male's absence. Copulation is therefere not possible
during the postpartum estrus.

- "polypamous” or "harem" type: a unit comprises ene or several males and
several females. Each female is removed from the unit before giving birth
and put back in the unit ¢nce the young have been weaned.

- "Monogamous”: the female is isolated from the male before giving birth.
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TABLE 1
MEAN BREEDING DATA
Mouze Rat Guinea-pig Rabbit Time
Age at puberty:
male 6-7 6-8 8 6-7 weeks
female 5-7 5-8 10 5-6 weeks
Age at first mating:
male: 8 11-12 10-12 6.7 weeks
female 6-8 11-12 12-14 5-6 weeks
Length of cycle &-5 4-5 16-19 12-14 days
Length of estrus 7-20 9-20 6-15 12-16
hours hours hours days
Time of owvulatien 2-3 8-11 10 16-13 hours
after begimming of estrus after
mating
Pastpartum astrusg within 28 hours 3-8 h, --- after part-
uriticon
Length of pregnancy 19-21 21-23 62-72 31-32 days
Number of young 10-12 9-11 3 7-9
per litter
Length of lactation l6-21 21 14-25 6-8
period days days days weeks
Length of fertile
pericd:
male 1.6-1.3 1 5 1-4 YEAYS
female 5-8 1 4=5 1-4 years
litters
Average welght ar 1.0-1.5 5-6 90-100 64 grams

Reproduction:

1. Mouse
1.1 Puberty
- female:

- mala:

opening of vagina at 28-49 days.

mouse - rat - puinea-pig - rabbit (Table 1)

maturation of spermatozoa at 45 days on average.
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1.2 Estrous cygle

The estrous cycle is four to five days in length. It is heavily influenced by many
factors, including:

- gtraln;
- social environment (suppression of the egtrus can occur among females grouped in
the same cage).

The estrus lasts 7-20 hours. This is the period of the eyele in which the female l1s
sexually receptlve and can be fertilized. The estrus phase can be detected by vaginal
eytelogy. For the vaginal smear technique see Voel, I, Chapter 12.

1.3 Postpartum estrus

An ectrus occurs 14-28 hours after parturition. This is very important in the
mouse, for which only the "permanent” mating system is used. Fertilization during the
postpartum estrus ensures very high preductivity.

1.4 Qvulation

The mouse is a species with "spontaneous” ovulation. Ovulation takes place 2-3
hours after the baginning of the estrus.

1.5 Mating

Receptivity to the male is not limited to the estrus. The female can alse be
receptive during the proestrus and the metestrus. The vaginal plug remains for 16-24
hours after mating, Afrer mating during the postpartum estrus the vaginal plug 1s
smaller and more diffiecult to detect.

Cheeks for the vaginal plug are made in the course of controlled matings:

- to obtain "dated" embryos, i.e. when it is necessary to know the age of the
embtyos,
- for females which are to undergo cacsarean section.

Depending on the strain, the proportion of pregnant females t¢ those presenting a
vaginal plug varies from 30% to 1001,

1.6 Gestation

Non-suckling femsles: the length of gestation varies, depending on straim, from 19
te 21 days.

Example: a greater proportion of the DBA/2 strain of mouse gives birth at 19 days
than iz the case with the C57BL strain.

Hybrids generally have a shorter gestation period.

ales: when a female iz fertilized during postpartum estrus at a time
when she is suckling, the gestation period is prolonged since the implantation of the epg
after fertilization is delayed. If the number of sucklings is 1-2, gestation is
prolonged by 7 days on average, and if the number of sucklings ls greater than 3,
gestation may be prolonged by 12-16 days,

Variations in the length of gestation peried according to strain must be known by
those who perform caesarean sections.
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L.7 Poseundogestation

Pseudogestation lasts 11 days on average. During that period the female cannot be
fertilized.

- There is a ecertain amount of pseudogestation among females who are grouped
together.

1.8 Parturition

Parturition takes place at random around the cleck and is net influenced by the
alternation of light snd darkness. The duration of parturlzation depends on the number
of young. In practice It truns from ome te three-and-a-half hours for a litter of 11,

1.9 Lactation and weaning

Lactation lasts four weeks on average, though this varies from one strain te

another. Milk production increases until the tenth day after parturition, trhem decreases
until weaning,

The young begln to take solid food from the age of 14 days, but they cannot nourish
themselves fully and Independently before the age of 16 days.

- Make sure weaning takes place at 21 days.
- Put the males in different cages from the females,

- Duting wesning, never put mere than 30 animals in the same cage, since they tend te
huddle together in the corners, and may suffocate.

1.10 Mating systems
The first mating takes place at the age of 6-8 weeks for females, 8 waeks for
males, For convenience, animals of the same age are often used for mating.
Mice should not be palred off after the age of 12 weeks,
Breeding animals are sacrificed between the ages of 12 and 18 months. This gives an
active hreading 1ife of 10-16 months. Set an age for the sacrifice of breeding animals

in accordance with strain, mating syscem and cthe conditions in the breeding unit.

"Permanent” mating is the method most often used iIn practice for mice. This permits
fertilization during the postpartum estrus.

1.10.1 Permanent monosamous mating
One male and one female are kept az a pair throughout their reproductive life,
- This system must be used without fail for the maintensnce of a consanguinecus strain.

1.10.2 Permanent polypamous mating

Units are made wp of one male and 2-6 females., The most ¢commonly used system 1s the
"threesome": one male and two females.

- This system must be used for bulk production,
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2. BRat
2.1 Puberty

Female: opening of vagina between 28 and 60 days. The first estrus occurg one or
two days later.

Male: puberty is characterized by the descent of the testicles into the serotum and
the appearance of the spermatogenic cycle. The age at sexual maturation iz
approximately 40 days,

2.2 Estrous cycle
The female rat has a cycle of 4-5 days.
To detect the estrus:
- uge the vaginal smear technique (gee Vol. I, Chapter 12)
- ohserve the hehavieur of the female (this requires practice)
- she becomes hyperactive
- she adopts a hellowed-back posture when the male approsches or when she is

stimulated manually in the dorsal region at the base of the tail.

Postpartum estrus: SAme HS mouse

2.3 Mating

A vapinal plug can be observed when the animals have mated, though it is eliminated
falrly quickly, afrer a few hours.

- To ensure that mating has taken place, check for the presence of spermatozoa (see
Vol. I, Chapter 12).

2.0 Gesgtation

Non-suekling female: gestation lagts 21-23 days.

Suekling female: as with the mouse, gestation can be prolonged if the female is
suckling.

Gestation can be diasgnosed by:
- weekly weighing;

- palpation; 1in practice, diagnosis by palpation can be made from the thirteenth day
of gestation onwards.

2.5 Pgeudopestation

Average duration is 12-14 days, and during that perisd the female rat cammet be
fertilized,
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2.6 Parturition

As with the mouse, blrth takes place at random at any time of day or night, and it
lasts between one and two hours on average depending on the age of the mother and the
number of young in the litter.

. The female should not be disturbed during the 24-48 hours following parturition.
2.7 Lactatlen and wea

Lactation lasts 3 weeks on average. The young can feed independently, depending on
the type of feed, from the age of 17 days.

- The young should be weaned at 20-21 days. Earlier weaning can delay growth.

- The same precautions should be taken as for the mouse.

2.8 Mating systems

The first mating takes place at the age of 11-12 weeks. Depending on strain and
conditions (nutrition, mating system) the breeding animals are sacrificed at the age of
12 months on average.

2.8.1 Peymanent mating
{a) Mppopameus mating: rats are rarely kept in pairs.
- Thiz technigue should be used only for the maintenance of consanguineous strains,

(h) Pglypamous mating: this system, whers a male is kept together with several females,
iz relatively rarely used in practice.

2.8.2 MNop-permanent mating: this technique uses only polygamous mating in one of two
forms:

(a) System involvipg isolation of females: form groups of one male and 4-6
females. At the twentieth day after mating, lsolate the pregnant females in
individual cages. Put the females back together with the same male when the litter
iz waaned.

(b) System invelving "rotatign" of males: from groups of eight females with omne
male, with four cages each containing two females (Table 2).

The male is put for 2 weeks at a time in each cage of the group; he thus returns to
the same cage every B weeks by rotation. In the course of those 8 weeks, each
female will have time for one gestation peried (2 weeks) and one lactation period

(3 weeks). The young are weaned at the latest the day before the male is put back
in the female's cage.

Example: Week 3. The male from group 1 is put in cage 2. After 2 weeks (week 5)
he will be transferred to cage 3, etc.

This system whereby all the males of the various groups are transferred from one
cage to another on the same day, every fortnight, makes it easier to run and supervise
production programmes.
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3, Guinea-pig

3.1 Puberty

Female: the vagina Is wsually covered by an epithelial membrane which disappears
periodieally during estrus and parturitiom,

The first rupture of the vaginal membrane takes place at the age of 58 days on
average (33-111 days). The first estrus takes place at 68 days (33-130 days).

Male: at the age of 60 days on average.

3.2 The estrus cycle

Average length 16 days, depending on the strain and the individual animal.

Estrus: average duration eight hours (6-15 heurs). The onset of the estrus can be
ocbserved as follows:

= in the behaviour of the female:

- pacing the cage;
- mounting the other females (like a male):
- hollowed-back posture, which can be triggered by

- the male rubbing its nese on the back and hindquarters
« touching the animal’s posterior

- by the dizappearance of the vaginal membrane approdimately one day before estrus,
The membrane stays open for three or four days. Estrus can however take place
without rupture of the menmbrane.

- by the vaginal smear technigue.

Post-pertum estrus: this takes place between three and eight hours after dropping.
Lf the male is present, fertilization can take place. The petcentage of fertilization
depends on:

- strain;

- age;

- number of previous pregnancies;
- number of females per male;

five females/one male: B7% fertilization )
20 females/one male: 50% fertilization ) ©OR average

- diet, ete.
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3.3 Mating

In the guinea-pig the vaginal plug is not always present after ejaculation.

. To be sure that mating has taken place, e¢heek for the presence of spermatozeoa
{see Vol. I, Chapter 12).

3.4 Gestation
Average duration is 68 days, and actual duration varies according to:

- the sztrain;
- the nuwber of young in the litter;

Example: litter of five: 67 days; 1litter of one: 70 days.
Diagnosis of gestation: by palpation around the fifth week.
3.5 rPseudogestafion: there is no pseudogeststion in the guinea-pig.
3.6 Parturition
The newborn animals are very advanced Iin their develepment. Thelr eyes are open,
their coats and teeth are developed, thay begin to walk as soon as they are born and they
start to take solid food within the first few days of life.
The pubic symphysis of the female dilates te ease the dropping of young,
- 24-36 hours before parturition gap in the pubic symphysiz is 17-22 mm, This gap is
measured to predict the time of parturitiem when a caesarean cperation is to be
performed at term,

3.7 The litter

Taking all strains tegether, the average size of litter ig 3.5, Average welpht at
birth depends on the number ef young in the litter:

+ 3.4 animals: 75-80 g
- 1 animal: 140 g.

- Sacrifice the young whose birth weight is less than 30 g,

3.8 Weaning
After 21-28 days. In polygamous units where the exaect age is not known:
- wean animals which have reached the weight of 170-180 g

- separate males from females in different cages or rums,
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3.9 Mating system {Table 3)

The first mating takes place at the age of 10-12 weeks for males, 12-14 weelks for
femzles.

- In practice, females weighing around 400 g zhould be mated with males

weighing 500 g. The polypamous mating system i1s the one generally used for
guinea-pigs.

3.9.1 "Non-permanent” mating

Thig system, whereby pregnant femsles are iselated for parturition, iz a
nen-intensive metheod of production,

(a) Unit comprising 1 male and 4-6 females

The females are isolated during pregnaney in individual cages. When they have
weaned their young they are returned to the unit with the same male {type 1l mating
system, see Table 3).

{b) Unit comprising:

10 females + 1 male
or
10-20 females + 2 males
Each male in turn is put with

)
)
or b} the females for ohe week
20-30 females + 3 males )

Pregnant females are withdrawn from rthe "mating unit" and put along with arher
females in "maternicy units" where veung are brought up communally
{type 2 mating system, sce Table 1),

3.9.2 "Permanent" mating

The females are not separated from the male. Fertilization can therefore take place
during the pestpartum estrus. This system ensures maximun produetivity from each female.

(a) Monogameous unit

One male is paired with one female for the duration of their reproductive life,
This system is hardly ever used (type 3 mating system, see Table 33,

(b) Polygamous unit: This comprises one or more males and several females

10 females + 1 male

or
10-20 females + 2 males, which are used alternately with the females for one week at
a time.

The females are not isolated during pregnency and may therefore be fertilized during
the postpartum estyus. It is recommended that the number of females per unit should not
excead 20 (type 4 mating system, see Table 3). This is the most intensive byeeding
system.
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TAELE 3
AVERAGE BREEDING FIGURES FOR EACH MATING SYSTEM USED WITH THE GUINEA-PIG*
Non-permanent mating Permanent mating
Type 1 Type 2
Isolation of Isolation of Type 3 Type 4
females in females in Monogamous Polygamous
separate CAges maternity pens
Intervals
between litters 15 weeks 17 weeks 9-1/2 wecks 10-1/2 weeks
No. of littexs
per anmum 3.50 3.10 5,40 4.90
No. of young
per litter 3.90 3.82 .90 3.90
% weaned/horn 93.90 86 90 84.70
No. of weaned
young/temale/
year 12.69 10,18 18.90 15.96
Ape of female
at sacrifice 27 months 27 months 27-30 months 20 months
Advantages « Individual - Good use of - Use of post- - Utilization of
performance available partum estyus; postpartun
easily space; - individual estrus;
establisbed - communal performance - good use of
rearing easlly avallable space;
of young established; - good productivicy
- - very high per female
productivicy
per female
Dizadvantages - Postpartum - Poztpartum - Ipefficient - Difficult te
estrus not astrus not use of space; extablish
utilized; utilized; - many males individual
- ineffleient - low individual required; performance
uze of productivity - increased
available per female production
space costs

* . :
Using the example of a strain
litter.

which produces an average of 3.88 animals per




WHO/LAB/B8 2

page 4%
4.  Rabbit
4.1 Euberty
Females ¢an copulate one or twe months before the first ovulation. Age at puberty

depends malnly on breed:
- zmall breeds (1.5 kg) 4 months
- middle-size breeds (3.5 kg) 4-7 months
- large breeds (3-7 kg) 9-12 months

Males: 1In spite of the presence of spermatozoa from the age of four months, puberty
ccocurs at between six and seven monthe in middle-zized breeds,

4.2 Estrous cycle

Unlike female rodents, femsle rabbits do not have a definite cyele, although there
iz a cerrtain rhythm of receptivity to the male.

Estrus: This part of the cyele Is long, at between 12 and 16 days, and the other
phases are very short, It iz during the estrus that the female is most receptive to the
male:

- the vulva is generally congested, although this is not always a =ign that the
female iz receptive;

- the female is agitated and rubs her chin against the cage.

Ovulation in the rabbit is not "spontaneous" but must be "stimulated" in one of a
number of ways, such as:

= contact with other femsles
- colitus

Ovulation takes place 10-13 hours after stimulatien.

4.3 Mating

Female: If receptive, the female adopts & hollowed-back posture. Female
receptivity depends on:

- the individual

- the physielogical condition: females which are suckling, moulting or suffering
from malnutrition often are unreceptive sexually

- clrcumstances: a female may refuse one male and accept ancother.

Male: Afrer ejaculation the male quickly falls backwards or to the side emitting a
cry, The ejaculate may form a vaginal plug which iz eliminated shortly after copulation,

For breeding:

- Put the female in the cage of the male. Leave them together for 15 minutes. If
they fight or if copulatien does not take place try with another male or try again
the following day,
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» When the female is unwilling or the male inexperienced, human intervention can
effect a "supervisad mating”. One hand holds the female still by the ears and the
scruff of the neck while the other hand passes under the sbdomen and between the
hind legs with the thumb to the right of the vulva and the index finger to the
left (from the handler’s point of view) pushing gently upwards to flatten the tail
against the hack. The body is then supported by the hand and the hindquarters are
presented In normal mating position to receive the male.

4.4 Gestatlion

Gesztation lasts 31-32 days on
average. In larpe breeds it lasts
longer, Dilagnosis is by palpatien.

For palpation handlers should
hold the animal's ears and the scruff
of the neck in one hand while placing
the other hand between the hind legs
slightly forward of the pelvis., The
thumb is placed to the right and the
other fingers to the left of the
uterine horns so as to palpate the
fertus. At around 12-14 days, the
fetuses are the size of marbles (20 mm
in diameter), After the fourteenth
day it s more difficult te distinguish
the fetuses from the organs in the
abdominal cavity (Fig. 1).

4.5 Pgeudopestation

This state results from ovulation triggered by stimulation such as:
sterile copulation or mounting of anether female by the female comcerned.

Pseudopestation lasts 16-17 days. During that period the female canmot be
fertilized,.

- Isolate the females that are to be mated at least 16 days befere mating in ordex
to avoid mating a female in a state of pseudogestation.

4.6 FParturition

The_ nest: During the last three days of gestation the female makes a nest with
litter or food (hay or straw) and the halrs she tears from accessible parts (the abdomen
and haunches),

Food consumption dreps twe or three days before parturition, which takes place very
early in the morning and often goes unnoticed. Delivery of the litter rakes
approximately 30 minutes. Sometimes the last of the litter are born some hours or even
days after the first.
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- Wait two or three days before registering the young in the litter.
The number of young in the litter varies according to:
- breed {more in larger breeds)
- parity (the second litter is more numerous than the first)
= rutritional state
- enviremmental factors,
The average number per litter is approximately 8.8.
4.7 Lactation
The mammary gland develops rapldly during the last week of lactation.
The female suckles the young only once every 24 hours, usually during the night or
early in the morning. Milk preoduction reacheg its maximum level in the second week after

parturition. It begins to decline in the fourth week and lasts as long as 6-8 weeks
depending on diet, parity and the number of suckling young.

"

- The weight of the litter at 21 days is a good indication of the mother’'s milk
production. It is a reliable parametrer for the selection of future breeders.

4.8 Waaning

This generally takes place at the age of eight weeks, but can take place earlier (st
6-7 weeks):

- for the most developed young of the litter
- for litters of lezs than five

- in an "aecelerated breeding programme" where the female 15 mated less than 35 days
after parturitioen.

4.9 Mating systems

The first mating takes place around the age of:

- 5-6 months for females 3
) for small and middle-sized breeds
- 6-7 months for malesg 3
- 9 months for females 3
) for large breeds
10 menths for males )]

The breeding animals are eliminated between the ages of one and four years depending
on cage conditions and the breeding system used,

Generally one male is kept for every 8-10 females. A male in good physical
condition can be used for two or three days in a row.
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4.9.1 Mating after wesning

The female is presented te the male when the litter has bsen weaned (at elght
wacks), i.a. 56 days after parturitcien (or earlier if weaning is accomplished in less
then elght weeks).

4£.9.2 "Postpartum" pating (after parturitien)

suckling female: the female can be mated during the period of sexusl receptivity
following parturitien. However, for this methed the female must be in excellent physical
condition and must receive a balanced diet. The conception rate is inversely
proportional to the number of young being suckled by the female. This system is not
recommended .

Non-suckling female: when the litter is gone or has besn withdrawn, the peried of
sexual receptivity is extended to some 36 days after parturition. The female can
therefore be mated once again during that perilod.
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CHAPTER 6. FEEDING REQUIREMENTS OF VARIOUS SPECIES#*

1. use: the mouse is omnivorous.
1.1 Tvpe of diet

In most colonies wice are given only "composite” food in the form of pellets
approximately 18 mm in dismeter and 25 mm long. Average daily consumption of food
pellets is 4-5 g per adult,.#*

1.2 Water

Water iz generally distributed in bottles provided with pipettes, Average daily
intake is 20 ml/100 g of body weipght,

2, Rat: the rat is omnivorous

2.1 TIype of diet

The same as for the mouse. Average daily consumption of food pellets is 12-13 g per
adult.

2,7 Hater

Average water consumptien is 10 ml/100 g of body weight,
3, Guinea-pig: the guinea-pig is herbivorous,
3.1 ZType of diet

(a) Diet of "composite" food

It is difficult to feed the guinea-pig solely with "composite"” food unless the diet
is perfectly balanced. This food comes in granules approximately 5 mm in diameter and
10 mm long. Average daily consumption of food granules is 40.50 g per adult,

In practice fresh vegetsbles and hay are an important supplement to the guinea-pig's
diet in spite of the risk of contamination they entail.

(b) "Farmer"-type diet

This diet comprises a mixture of ground cereals (2 parts) and bran (1 part). The
food is slightly meistened and given to the animals in the form of paste in order to make
it more palatable, Because of the danger of fermentation, food which iz not econsumed the
day it is made up must be disposed of. The diet may be supplemented with fresh greens
and hay ad 1ibitum

* - . s s N
Specimen diet formulas for the various species are given in Velume I,
Chapter 3,

* ; . s
* For all species the gquantities of water and feod consumed vary in accordance

with the composition of the diet, temperature, humidirty, physiclegical state and other
facters. Young animals consume less food than adults, theugh as a proportion of body
weight they consume more,
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{c) "Mixed"” diet
This is the most commonly used type of diet. It Includes:
(i) “composite” feed in granules 5 mm in diameter;

(ii) green stuff: vegetables, grass, lucern, roots and sprouted grain., These
are Indispensable if the diet has ne vitamin C supplement.

(i11) hay: in the absence of hay, guinea-pigs eat the litter or the halrs of their
neighbours (picking). Hay would therefore seem to be an indispensable imgredient in
a well-balanced diet. Good quality hay (both graminacecus and leguminous plants)
should be provided gd libitum. It is better to avoid the use of coarse hay that
could damage the oral mucosa, leaving the way open for & number of infections,

The guinea-pig dees not synthesize vitamin C, which can be provided in the following
WH_yH |

added to the "whole" diet (200 mg of ascorble acid per kg of diet)
- in the drinking-water (see Volume I, Chapter 3)
- in fresh vegetables

It sheuld be borne in mind that fresh vegetables and hay are foods that invelve a
high risk of contamination for the animals.

3.7 UWater

Average daily consumption variesz from 10 te 40 ml/100 g of body welght depending on
the amount of fresh food consumed,

4. Rabbit: the rabbhit is herbivorous.

4.1 Type of diet

Unlike the guinea-pig, the rabbit seems to be able to cope with a diet based
exclusively on "composite” feed, as long as it is perfectly balanced. Whatever diet is
choscn, the rabbit requires a large guantity of ecellulose for bulk,

{a) "Composite" diet

The ration should contain 12-15% cellulese. The granules are 5 mm in dlameter.
Average daily consumption iz between 130 and 140 g per adult, and from 250 to 400 g for
suckling or pregnant females.

There is a tendency especially ameng the male and non-sueckling female animals to put
on weight when food is avallable ad libitum; It is therefore necessary to ensure
appropriate rationing:

- stop ad libitum feeding. Supply a measured guantity once & day.

. provide a "composite® diet with 25X% cellulose,

1f the "composite" food is not available or if its balance cannot be guaranteed, add
fresh food and hay or use the "farmer” diet.
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(b) "Farmer diet: same procedure as fer the guinea-pig
(¢} "Mixed" diet: same procedure as for the guinea-pig
4.2 Water
Water consumption varies in accerdance with the amount of fresh food in the dier.

The average consumption of water (at 21°C) is 10 ml/100 g body weight for males and
90 ml/100 g body weight for suckling females.

4.3 General recopmendations
- never put the food directly on the floor of the cage. Use troughs or containers:

- never distribute more food than is necessary to suppert the occupants of the cape or
pen for a period of 3 or 4 days;

- unless instrueriens are given to the contrary (experiment, restriction in food intake)
tood and water showld be supplied to the animals ad libitum;

- where possible aveid distributing fresh food which is often a major source of
contamination;

- if fresh food is distributed, it should be changed every day;

- ensure that the waterlng system works properly;

- ensure that the animals always have fresh and clean water:

- 1n ovder to limit the proliferation of bacteria or algae, drinking-water may be
acidified with hydrochloric acid at pH 2-2.5 {usually 2 ml of hydrochloric acid for
every 2 litres of water; check the pH and adjust concentration);

- when pessible use composite, sterilized food in pellet form (at least for rats and
mice). In such ¢ases no fresh food supplement should be given. Composite food can

only be sterilized if it has been specially prepared to allow such treatment, In
specific-pathopen-free (SPF) breeding, the use of sterilized food is imperative.
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CHAPTER 7. LITTER

The term "litter” or "bedding" is applied to any absorbent substance used:
- In direct contact with the animal on the fleer of cages or pens ("digeet" litter),

- in litter trays for excrement under cages with holes in the fleor ("indirect"
litter).

The litter sbsorbs the humidity of excrement. The provision of nesting material is
pot Indispensable. It does, however, enable the female to make a nest for the yeoung,
providing a microenvironment and adapting it to changes in temperature and humldity.

1. Litter

The cholce of litter it often a delicate matter because of its influence om the
animals’ physiological reactions and because of pollutants or substances it may contain
(insectlcides or funglcides). lLirter should therefere be chosen by the head of the unit,
1.1 Criteria

Good litter should be:

- sbsorbent: it should be capable of absorbing several times its own weipght of
1iquid. Use that as a test to compare the absorbent qualities of litrers;

- readily available: use a material that can be obtained all year round in the
requisite quantities, and locally if possible;

- non-nutritional: whatever type of litter is used the animals tend to eat a ecartain
amount of it. Unpalatable litter of lew nutritiomal centent is recommended;

. non-toxic (there should be no insecticides or funpgicides especially);

- dust-free: the presence of very fine particles can irritate the respiratory tract
and obstruct the nestrils of neonates (rats and mice);

- soft, with neither points nor edges that could cuz;
- easlly destroyed,

- low in price,;

- free of insects and parasites.

The substances used as litter are generally industrial by-preducts and rarely
posseds all the qualities listed.

1.2 The producis uzed
1.2.1 Sawdust

Suft gawdust is preferable. The sawdust from some exetic woods such as teak and
mahogany centains aromatie substances which may be harmful .,

Ensure if possible that the sawdust is packed at the workbench itself in order to
obviate contamination by wild redents, cats or dogs.
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1.2.2 Wood shavings

As with sawdust, the wood shavings should be zeft. This material is met very
absorbent. It can nevertheless be used for mice,

1.2.3 Ground maize cobs
Very absorbent litter,

1.2.4 Ground su ane pulp and shells cundnuts
The animals readily eat this.

1.2.5. Grain husks

The husks of cereals such as wheat and rice can be used, although the bristled awn
of barley should net be used. Such material is only slightly absorbent, but it is cheap.

1.2, 6 QCuf straw

This poorly absorbent is used over a layer of sawdust in guinea-pig pens. The
animals eat some of the straw,

1.2.7 Cotton

The by-preducts of the cotton industry are very absorbent and can be used as
"direct” litter. Use only short fibre products.

1.2.8 Mineral litter

This absorbent manufactured product is not recommended for use as "dirvect" litter.
It iz used especially in trays under cages with wire-mesh floors. This material is
expenszive and cannot be incinerated.

2, Nesting material

Useless for guinea-pigs, net indispensable for rats and mice, but recommended for
rabbita,

- strips of paper, wood fibre: for rats and wmice
- hay: for rabbits.

Recommendstions

Choose a produet which is locally available.

Ensure that the source of the litter entails the least possible risk of contamination
frem dog, cat or wild rodent faeces.

Sterilize the litter if facilities are available., If an ordinary auteclave is used,
make sure that the steam penetrates to the centre of the loads (the autreclave should be
sble to make s high vacuum). Sterilized litter must be used in speeific-

pathegen-free (SPF) breeding.
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. Store the litter in a place that is safe from wild rodents.
. Limit the thickness of the "direct” layer of litter te 2 or 3 cm. If the level of the
litter reaches the opening of the drinking-water supply it may abserb the contents of

the hottle.

- The level of "indirect” litter in the tray should not reach the wire-mesh fleor of the
cage.

« The litter should be changed regularly in accordance with the established routine (see
Chapter 9}.

- Solled litter should be collected and removed (see Chapter 9.
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CHAPTER 8. STERILIZATICN AND DISINFECTION:
PREMISES, EQUIPMENT AND SUPPLIES

1. Use of disipnfectants
1.1 Condici use

The way in which a disinfectant is used can alter its action, making it either more
or less effective,

1,2 Du n of contact

The speed of aetiom varies greatly from one disinfectant to anether, altheugh
effectiveness generally Inereases with the duration of contact. The material should be
immersed in the disinfeetant solution for 1-2 hours.
1.3 Temperature

The use of hot solutions generally increases the efficacy of the disinfectant.

1.4 Age of solution

Many diszinfectants ate unstable in solution. Freshly prepared solutions must be
used. The disinfectant selutioens in germicide tubs and foot baths should be changed
frequently %6 maintain their effectiveness.

1.5 Pollution Jevel of the solution

Deactivation of the disinfectant by organie substances considerably reduces its
efficasey. Disinfectant solutions in tubs where materials are sosked should be changed
when a certain level of pollution is reached. The solutions in germicide tubs and foot
baths in particular should be c¢hanged very regularly to keep them effective.

1.6 Contact with germs

The surfaces to be disinfected must always be washed first in order to remove sll
organie¢ or other debris that could shield any germs and to prevent the organie substances
from deactivating the disinfectant.

1.7 Compatib t

Certain substances can neutralize a disinfectant. Before using a disinfectant in
conjunctien with scap er detergent or any other product, the user must check that they
are compatible.

1.8 Concentration

The disinfectant should be used in the ¢oncentration stipulated by the
marufacturer. Regular use at lower concentrations may gradually pgive rise to resistant
strains of micreorganisms.

2. Procedure disinfectin ises by fumigar
2.1 Feormel
Formaldehyde is the most commenly used gas. This is a relative toxie, irritant

gas. Every precaution should be taken to ensure the safety of staff. The animals should
be removed from the premises before disinfectilon takes place.
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Preparation of surfaces: dust and debris must be removed before diginfection.
Walls, ceiling and floor should be washed with a bactericidal detergent selution such as
"TEgo“ .

This physical cleaning may be supplemented by treatment with an ammonia selution.
This eliminates bactaria spores, coccidia cocysts and the eggs of parasites (Syphacia)

which are hardly affected by formaldehyde fumigation.

2.2 All doors, windews, vents, etc. must be blocked., Use adhesive tape to keep them
alrtight.

2.3 Production of formaldehyde: the gas can be prepared in three ways:
- by heating formol in a receptacle placed in the room (compercial 40% solut%on of
formaldehyde stabilized with methancol alecohoel}; 30-50 em” of formol per m”.

The heating apparatus must be switched on and off from outside the room,

- by mixing formel wlith potassium permanganate in a recep%acle; the reactlon produces
formaldehyde. 20 g of potassium permanganate and 30 em” of formol per m” to be
treated;

- by heating s-trioxane (powdesr) at a deosage of 3 g/m3. The heating apparatus must
be switched on and off from ourside the room,

The formaldehyde works best when room temperature is 24°C at a relative humidicy of
80% {(spread water on the floor).

9 4 Ventilate or air the room after 24 hours of fumigation; in order to avoid any risk
to persomnel the ventilation or airing must be activated from outside the premises.

2.5 Do not intreduce the animals until 48 hours after ventilation.

3. Cleaning and sterilization or disinfection of equipment

The esquipment (cages, troughs, bottles, ete.) can be treated in & variety of ways
depending on the means available teo the animal wnit.

(a) Steam sterilization (see Volume I, Chapter 4) in a pressurized vessel
{autoclave) is the most reliable method. It should be used wherever possible.

(b} Automatic washing: many suitable types of machine are available for the
washing of all equipment.

- "runnel” machine: a receptacle on wheels or rollers carries the material
inside the machine where it is subjected to the action of sprays positioned
appropriately for the material concerned. During the eycle the material is
pre-rinsed, treated with detergent (at 80°C), rinsed, and rinsed again in hot
watexr (90°C). The heat compounds the effect of the mechanical wash,

- Autoclaves and washing machines are fairly expensive pleces of equipment which
many animal unitz cannot use,

(¢) Steam treatme t armospharic pressure: the maximum temperature that can be
reached is 100°C. A number of machines (of the "Karcher" type) spray pressurized
steam on to the material, adding mechanical actien to the action of the heat. For
use maiuly on cages and racks.

(d) §Spray treatment: the spraying of a dizinfectant selution.
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(e) Immersiop treatment in & disinfectant solution. This method is often the most
frequently used for the treatment of cages, bottles, tubes and small pieces of
equipment, since It requires no special equipment apart from tubs. The efficscy of
such disinfection depends on a number of factors:

(i} The choice of disinfectant(s) and the instructions on their use are
matters for the attention of an appropriately qualified person,

(11) The availability of tubs in the premises where material is washed., These
tubs (of cement or metal) should be large enough to accommedate the most bulky
pileces of equipment,

(1ii) Procedure for disinfection by immersion:

- To ensure good contact with disinfectant, brush the equipment vigorausly
with a detergent solution, eliminating all traces of litter, food,
faeces and urine. Bottles and pipettes can be cleaned with a bottle
brush.

- Rinse with running water.

- Immerse the material in hot disinfectant solution at the recommendad
concentration for one to two hours (prolenged contact maskes an important
contribution to effective disinfection). Change the solution when the
level of pollution by organic matter is considered to be high.

- Rinse to remove zll trace of the product used,

Rabbit and guinea-pig urine in particular {s alkaline (pH 8.2} and forms phosphate
and earbonate crystals that leave a deposit of fur on the cage which is diffiecult
to vemove. The same is true to a lesser extent of rats and nica, Descaling
agents with an acid pH ("Ceptolid”, "Lime-A-Way") are recommended. Follow
instructions for use.

Sterilization methods applicable to food
Humid heat (see Vol, I, Chapter 4)

Ethylene oxide: The food can be packed in airtight plastic wrapping and sterilized

directly thanks to the penetrating power of ethylene oxide. A mixture of 10% ethylene
oXide and carbon dioxide (CQs) is used in the appropriate type of autoclave. The cyele
involves:

This

4.3

= initial vacuum,

- lntake of gaseous mixture while maintaining a partial vacuum to prevent diffusion
to the outside. Maintain the interior temperature of the autoclave at
approximately 40°C for six hours,

« evacuate the ethylene oxide by vacuum pump,

- flush with sterile air.

type of sterilization has a2 long cycle and is used relatively rarely,

Dry heat: Use & tunnel oven heated by gas or electricity. The speed of the

conveyor belt can be adjusted to provide the passage time desired. This method can be
used for the manufacture of sterilized food in the form of biscuits which are direccly
sterilized.
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- Prepare a flour from very fimely ground ingredients and mix.
- Knead with water to form a dough.
- Mould te the requisite shape.

» Put the raw biscuits through the tunnel oven, regulating the temperature and length of
passage to suit requirements. All combinations are possible. 130°C for 13 minutes is
satisfratory.

4.0 Tonizing radistion

This can sterilize food which is packed in airtight plastic. Gamma radiation is
used in general (cebalt 60 or cassium 127). Doses vary, depending on desired results and
products to be treated, between 1.7 and 5 mrad. This sterillization technlque is
relatively rarely used as yet becauss of its high cest,

5. Sterilization of Jitcter

Litter can be sterilized with:

- humid heat {sec Vol. I, Chapter 4);
- ethylene oxide: in a steam auteclave equipped with vacuum pump,
- initcial wvacuum,
intake of steam with 20% ethylene oxide,
- maintenance at a relatively low temperature, 60°C for at least four hours,
- vaquum, drying,
- air before use.

6. Germicilde tubs

Materials or supplies which cannot take heat treatment and are required for an 3PF
unit are sterilized In permicide tubs,

Examples of disinfectant solytions for "germjgide" tubs

Tego 103G 1%
Formel 1%
Water Q8%
Formol 20% (30% golutien}
Benzalkonium 5% (50% solution)
{quaternary ammonium)
Water 75%

1t must be vemembered that the efficacy of germicide tubs depends on frequent
changing of the sulutions since accumulation of organic debris inactivates them to a
considerable extent.

7. General recommendations

In & "protected breeding envirenment” (SPF), supplies (such as food and litter) must
be sterilized before they are introduced. An autoclave is therefore essential.

In an "open* (conventionmal} animal unit an autoclave is mest useful, though neot
indispensable. A variety of disinfeetion techniques can be used for the treatment of
cages, troughs, drinking-water bottles and other equipment.
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CHAPTER 9. ROUTINE ACTIVITIES IN THE ANIMAL UNIT

Whatever the activity of the animal unlt - breeding, stock or experiment - a number
of tasks must be conducted at regpular Intervals., It is recommended that for each of them
the following be set out in writing:

- how often it should bhe done,

- for some tasks (such as the cleaning of bottles), the technique or method to be usged,

Monitoring of envirormental conditions

- Monitoring apparatus is desirable (maximum and minimum thermometers,
hygrothermography). Temperature and humidity should be recorded daily;

- If

lighting is contrelled, check the timer.

Litter

There must be a programme for the changing of lirrer; 1t depends on:
type of littex

type of cape (solid bottoem or tray)

breed

number of animals per cage

Litter is generally changed between one and three times per week,

Rabbits: Changing the litter every day reduces the incidence of coecidiosis.

Soiled litter is cellected in a container with a 1id or, better, put directly in a

plastic or heavy paper bag teo avold further handling before disposal and incineration.

3.

rate

Cages

Cages schould be changed at least once per month. Available equipment dictates the
of change:

number of spare cages.

Example: If the animal house has 400 mouse cages, approximately 100 cages should be
changed each week.

If washing and disinfection or sterilization take place:
1 day per week: 100 spare cages are needed
2 days per week: 50 spare cages are needed

3 days per week: 33 spare cages are needed, etc.

capacity of washtubs oy autoclave,
facilities for disinfection or sterilization.

In order that changes be made systematically, the cages should be given a coloured

tag cr some other distinetive mark to indlcate the day or week in which they must be
changed.

each time the animals are moved, the cages in which they are placed must be sterile
or disinfected. Ensure that the label showing the contents of the cage is
transferred to the new cage;
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- the wire mesh floor of rabblit cages should be cleaned at leagt once per weelk, becsause
excrement gathers on the matted hair of the animals;

. litter should be changed when the cages are changed.
4, Bottles

Water bottles, stoppers and pipettes should be changed and dlsinfected or sterilized
at least once a week.

Weekly roucine

Day 1. Bottles, stoppers and pipettes are changed and disinfected or sterilized,.
Day 3 . Changing of water. The bottles are emptied, rinsed and filled.
Day 2, 4, .6, Topping-up of water bottles,

After day 1 the bottles should be put back in the same cage im order to avaid

spreading infection Lo animals in other cages. The water in the bottles should be changed
daily if this is feasibie.

When equipment cannot be sterilized, the bettles, pipettes and stoppers must be
washed then immersed for at least an hour in a hot disinfectant golution (e.g. 14 "Tego”

solution) (see Chapter 8).

Animals’ drinking-water should be drawn straight from the mains. Never use water
from a steorage tank.

Water (especially acidified water) may be distributed for cenvenience in a plastie
container of sbout 60 litres capacity set on wheels. This allews the bottles to be filled
at wach cage. The neck of the container is fitted with a tap. The water in such
containers must be changed daily (see Vol. I, Chapter 2, Fig. 4).

5. Troughs
filling {see Chapter 6)
- cleaning and disinfection (see Chapter 8}.

6. Litter containers

Wwhen the contajners are not in use their lids should be clesed, Cleaning and
disinfection take place once a week (1% "Tego" solution).

7. Food containers

. When rations have been distributed, the food must not remain in the same room but should
be returned to the food store, which should be kept closed,

. Containers must be cleaned and disinfected before they are filled. Never refill a
container in which there iz old foed or remains of food.
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8. Cage racks

The cages should regularly be removed from their racks, which should be washed with
a bactericide solution.

- If the racks can be dismantled they should be disinfected at least twice a year by
immersion, pressurized steam or, 1f peszsible, autoclave.

- If the stands are mebile rhe castors should be regularly lubricated.

- The walls behind the racksz should be washed frequently to remove dust,
9, Scales
- The dish of the scales and the weights should be carefully wached at least once a week,
- When scales are removed they should be reset.

10. Cleaning utensils

Brushes, shovels, buckets and cloths should be washed once a week with disinfectant
solution.

11, Flixture: gvable equipment

Tables, washbasins, electrical fixtures, plumbing, door handles, ete. should also be
given regular maintenance.

12, Foothaths

In order to reduce the risk of contamination from shoes or trolleys coming from
outside, the entrance to the premises sometimes has footbaths or absorbent rugs soaked in
a disinfectant solution. The efflcacy of this measure depends on very frequent
changing of the bactericide solution,

13. Floors, walls and ceilings

- Floors sheould be dusted daily with a damp cloth containing bactericide solution, or
with a vacuum ¢leaner if possible. Sweeping the floor with a broem is not recommended,

- The floor should be washed at least once a week with detergent and disimfectant in hot
water.

- The walls and ceilings should be washed once a year with a suitable detergent and
disinfeetant seolution (such as "Tego" or quaternary ammonium).

14. Working clothes

It is imperative that the personnel of the asnimal unit have appropriate attire:

- before entering the premises, staff must put on the working attire specified by the
head of the unit;
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15,

- overalls, trougers and headgear should be changed at least once a week and more

often 1f necessary;

shoes, sandals and boots should be cleaned with a disinfectant selution at least
once a weel;

the staff in SPF breeding units generally take a shower before putting on their
working clothes (gee Vol. I, Chapter 14).

Inspection of cages, pens and boxes

Cages, pens and boxes should be inspected regularly and at least once In two days

for the following purposes:

noting bivths,
weaning anlmals,
removing dead animals: each dead animal should be sealed in a dispeosable plastic
bag to which a form containing information on the animal is attached (Annex 1).
Depending on instructions, the animal is either:

- sent directly to the medical inspection unit; or

- stored in a refrigerator or freezer until an examination can be conducted,

checking animals for clinical signs of infection. All animals presenting symptoms

or any abnmormality should be reported to the medical Inspection unit,
Look for:

- prostration - conjunctivitcis
- ruffled fur - dyspnoea

- loss of appetite - skin lesions

- diarrheoea - etc.

- running eyes or nose

The cages can be inspected when litter is changed, between 1 and 3 times per week,
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ANNEX 1
FORM ACCOMPANYING EVERY ANIMAL SENT TO THE MEDICAL INSFECTION UNIT
REQUEST FOR EXAMINATION
(To be completed by the animal unit) Reference No:

DATE OF SENDING: SPECIES OF ANIMAL:

ORIGIN: STRAIN;

ROOM NO. : AGE:

CLINICAL STIGNS OBSERVED: OBSERVATIONS:

STUDIES REQUESTED

EXAMINATION RESULTS
(T be completed by the examining laboratory) Reference No:
ACCOMPANYING MATERTAL:
DATE RECEIVED:

RESULTS;

Example of sn exsmination request form. It should be completed in duplicate and should
accompany the animal. One copy is kept by the examining laboratory amd the other is
returned to the animal unit te communicate the results.
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CHAPTER 10, MATING SYSTEMS FOR THE
MATINTENANCE OF CONSANGUINEQUS STRAINS
AND THE PRODUCTION OF CONSANGUINEOUS ANIMALS
Definition

"A gtrain ig regarded as consanguineous when it has been maintained by mating
brother x siscter for at least 20 consecutive generations. Farent x offspring matings can

substitute for brother x sister mating provided that the younger of the tweo parerts is
used for such mating.™

1.

Maintenance of & consanguineous strain

The colony, often referred to as a "consanguineous nucleus", which is used for
maintenance of a consanguineous strain, always comprises a restricted number of animals.

1.1 Mating systems for maintenance of a "consanguineous nucleug"

The consanguineous straln must always be maintained by means of brother % sister
mating. The head of the unit may choose either of the twe systems in use:

1.1.1 Parallel lines system (Fig. 1, A)

FIG. 1%
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WHG/LAB/88.2
page 65

The stock at the cutset might consist of five families (each family is descended
from a single couple).

Ceneration O: 1 brother and 1 sister are chosen from each family to make a couple.
There are 5 couples in all,

Generation 1: Each couple in generation 0 contributes a family to generation 1.
One brother and 1 sister are cheosen from each family to make a total of 5 couples.

This is repeated for each generation. FEach generation therefore has a total of
5 brother x sister couples from different families, and thevy ste the parents of the

following generation.

1.1.2 Siogle-line system (Fig. 1, B)

This is the system of choice used to maintain a consanpguinegus line,

lanara 0: 1 brother and 1 sister are chesen from a single family of the
original steck to make a couple.

Generation 1: The generation 0 couple provides a family. From that family one
brother x sister couple is chosen. The same procedure is followed from one generation to
the next, With the single-line system, only one brother x sister ceouple in each
generation gives biveth to the following generation.

1.1.3 Mixed system (Fig. 1, C)

In practice it is often expedient to use a system which combines the previous two
since, with rhe parallel-line system, certain lines become extinct after a number of
generations, and they ¢an be replaced from another line with the zingle-line system. The

twe systems can therefore alternate down the generations to overcome the difficulties
encountered,

Example: In the five-lines system:

- line 2 provided ne descendants. It was replaced in generation 1 using a couple
from line 3.

- line 4 provided no further descendants for generation Z, A cgouple in line 3
provided replacements.

- linez 1 and 5 became extinet and were replsced from other lines,

Thus at the fourth and fifth generations, in spite of alternation between systems,
the entire coleny is descended from a single couple from generation 0, couple 3.

1.2 Some hard snd fast rules

1.2.1 Allocate an identity number to each individual used for breeding (see Chapter 4},

1.2.2 Make a permanent mark on each animal with an identity number. The marking cods
generally used for mice consists of holes and notches punched in the ears
(see Chapter 3).

The number dencted by the mark need not necessarily be the "identity number", as
long as there is a chart that shows the relationships.

Exgmple: A mouse which is veglstered with the number "79-1.b" might have the number
"52" marked on its eay.
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1.2.3 Enter each breeding animal and each litter in a genealeogical register in
accordance with the system adopted (see Chapter 4).

1.2.4 Aveld genetic contaminatien. The aceldental Introduction of even one breeding
animal from another strain causes “"genetic contaminatien”. A strain which is genetically
contaminated can ho longer be considered consanguineous. It must be eliminated and
replaced. To avoid genctic contamination it is recommended:

- not to keep different straing with the game colour of ceat in the same room. If
this is net possible, ensure at least that strains of the same colour are kept on
different racks;

:
- to sacrifice every animal found in the room outside a cage,
- never te have two cages open at ohce on the same work-bench.
1.2.5 Do not differentiate strains genetically inte "substrains™: renew each
conganguinecus strain every five to 10 generations if possible, using animals from

Lhireeding units that can be considered "reference centres”.

2. Production of animals of consanguincous strain

In order teo ensure that consanguineous animals are preduced in sufficient number, a
"production colony® should be produced freom couples in the "consanguineous nexus”.

Consanguineous animals produced for experimentation should net be more than six
generations removed from a common palr of ancestors. The productien of consanguineous
animals takes place in a number of units, and consists of three stages:

First stage

- Take one identified brother % sister couple from the "consanguineous nexus”
(Fig, 1).

Secgnd stape

- "Primary coleny®: form a "primary colony" from this couple by mating brother x
sister (the process used for maintensnce of a "consanguineouz nexus") for two or
three genetrations,

Third stage

- Production colony (Fig. 2). In the production coleny no brother x sister matings
are carried oul, but animals of the same penerarion are mated, For practical
reasons the various generations are differentiated by cage labels of different
colours.

Generation 0: thesze are the parents of the "primary colony". Use white labels on
the cages. The animale produced in this generation are used to produce gemeration 1
which will produce animals for experimentation.

Ceneration 1: choose breeding animals from the young produced in cages with white
labels. Use green labels for the cages of this generstion. The animals produced in

thls generaticon can be used for both experimentation and reproduction.

Genaerstion 2: as previous generation. Use yellow cage labels.
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Generatien 3: choose breeding animals from the young produced in cages with yellow
labels. Use red labels on the cages., The snimals produced in this generation may
be used for gxperimentation only. At this gemeration the unit provides no more
breeding animals. The generation is eliminated.

The production ¢olony is regularly renewed with breeding animals from the primary
colony which are used to produce units at intervals of a generation in order to ensure
that there is never a shortage (Fig. 2).

FIG. 2. COLONY FOR PRODUCTION OF CONSANGUINEOUS ANIMALS
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CHAPTER 11. MATING SYSTEMS FOR THE PRODUCTION OF NON-CONSANGUINEQUS
STRAINS OF ANIMALS

In non-consanguinecus celoenies (such as Swiss mouse and Wistar rat) consanguinity
must be avoided at all costs in order to maintain the characteristiecs of these types of
coleny, their prolificity in particular. It is generally agreed that the rate of
consanguinity should not exceed 1% per generation.

The choice of mating systems to avold consanguinity depends on the number of
breeding animals {not on the total number of animals in the colony}.

1. When the number of breeding males exceed 00: breeding males and females are:

- chosen at random
. mated at random,

Vhen the number of breeding males is less than 100: =2 system must be chosen for:

- the choice of hreeding animals,
« mating

9.1 1 to 24 breeding males: use a system which reduces consanguinity te a minimum.

This system may use pairs or "threesomes", but it is imperative that each male and female
breeding animal have its pedigree, since each sire must provide a sire for the following
generation and each breeding female must provide a breeding female for the following
generation.

Example: Colony of & couples. Each couple is placed in a cage.
Generation 1: The couples are numbered from 1 to 8.

- The young keep the mating number of the parents until they themzelves are paired off
for the following generation,

Ceneration 2: The new couples arc numbered 1 to 8.

- 1t is essential to take one male and one female from each couple in generation 1 to
forn thesze new couples.
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Ne. of couple® of No. of couple¥ of Generation 2
genervation 1 producing generation 1 preducing Serial No. of
the new male breeding the new female breeding new couples#*
animals of generation 2 animalzs of generationm 2 of generaticn 2
Male 1 x Female 2 .. ... . L, 1
Male 3 X Female 4 ...................... 2
**Male 5 X Female 6 .........covuninna, ., 3
Male 7 x Female 8 ........ ... ... ....... 4
Male 2 x Female 1 ... ... ................ 5
Male 4 X Female 3 ... .. .. ... ............. 6
Male 6 X Female 5 .........c.o0oooio..n., 7
Male 8 X Female 7 ..............ccco.... 8

* or rthyeesome if mating is in threes,

#% Example: A young male from couple number 5 of generation L will be paired with
8 young female from couple 6 of generation 1. This new couple, which
constitutes generatiom 2, will be numbered 3.

2.2 PNumber of male breeding animals between 25 and 100: ‘“rotation system"., The colony
is divided inte "units". Each unit can be one group of cages (2, 3, 4, ... cages).

Generation 1: the units are numbered 1, 2, 3, ete,

Generation 2: the new units are:

- numbered 1, 2, 3, etc.

- founded with young breeding animals from the units of generation 1 bearing
different numbers, in accordance with the following plan:
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GENERATION 1 CENERATION 2 GENERATION 1
Serial Nos. of peneration 1 Serial Nos. of units Serial Nos. of
units providing males for of generation 2 generation 1 units
the new units of generation 2 providing the females
(1) — (1)
()~ (2)
&I (3)
(4)- T w
(5) T
Example:

- A colony of mice comprises 60 cages, =ach of which contains 1 male and 2
females: a total of 60 males and 120 females,

- This group of cages is divided into 3> "units" of 12 cages each. The "units" are
numbered from 1 te 5.

- The new threesomes of generacion 2 are made up as follows:

- young males of unit 1 parents are mated with young females from unit 3
parents. These new threesomes will be alletted te unit 2 of generation 2.
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CHAPTER 12, EUTHANASIA

The sacxifice of laboratory animals is necessary:

at the end of an experiment: to conduct the examinations called for by the
experimental protocol;

in the ¢ourse of breeding to eliminate:
- excess animals
- old breeding animals

- animals whiech ave sick or theought to be sick.

The term "euthanagia" designates any method which, quickly, painlessly and without

stress, renders the animal unconseious and ends its life.

Whatever technique is used the following precepts must be ohgerved:

lift the animal gently taking care not to frighten it needlessly;
remove it from the animal room;
never perferm euthanasia in the presence of other animals,

1. Criteria for the choice of technigue
1.1 The cheoigce will be made by the veterinary surgeon or rhe head of the wnit, with due
regard to!
- the animal: specles, size, age.
1.2 The reasons for which the animal is to be gsacrificed

- if the experimental protocol requires post-mortem examination, as is usually the case,
ensure that the technique chosen entails no alterations which might distert the results

of

morbid anatomy examinatiens and histelogical, haematological, biochemical

tests, ete,

- if

the animal is to be cacrificed gimply for the purposes of elimination the choice of

technique is easier.

1.2

2.1

2.1.1

used

Safety of technigue for the handler.

Varicus methods of euthanasia

Physical methods

Dislocation of cervical vertebrae (severe traction on medulla oblongata): methed
for small animals:

mouse
rat: under 250 g
guinea-pig: young
rabbit: less than 1 kg

The technique reguires a certain ameunt of practice,
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{a) Mousze, ral uinea-pi
Flace thumb and index finger on either side of the neck at the bage of the skull,
immobilizing the animal against a hard surface. With the other hand grasp the tail or

hindquarters, and pull se as to dislocate the cervical vertebrae from the skull and to
separate the spinal cord from the brain,

{b} Rabbit

Grasp the head with one hand and the hindquarters with the other. A rapid pulling
and twisting on the neck while the animal is stretched out diszlocates the cervical
vertehrae,

2.1.2 GChop (rabbit punch): technique used only for rabbits.

With one hand hold the animal by the hindquarters, head downwards. With the edge of
the other hand deliver a zharp chop to the base of the animal’s skull.

2.1.3 pdvantapges and dicadvantages of these methods
Advantapes:
- quick
- eost nothing

- no substance that might interfere with pest-mertem examinations is intreduced
into the body.

Disadvantages:
- some find these methods repugnant and difficult to use;

- the tissues of the cervical regiom and possibly even of the brain cannet be
subjected to histological examination.

2.1.4 Qther physical methods

Decapitation: by guillotine, for the rat

- Electrocution: 115 velt current

- Air injection: 5-10 em® intravenous injection for the rabbit.
These methods are relatively rarely used.

2.2 Inhalation metheds

These use:

- overdose of volatile anaesthetic
- gases.

Inhalation techniques are useful for species te which intravenocus injections cannot
casily be administered. 1In the interest of safety and efficiency, they are usually used
in an airtight system (caisson, jar, ete. ).
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2.2.1 Volscile anaestheties: in order of rapidity of action these are:
halothane

chleroform
- ether

Cotton wool scaked in the substance is placed in the airtight contaimer (caisson or
jar) In order to ereate a saturated atmosphere, Do not allow the snimal to come into
direct gontact with the product,

{a) Halpothane:
Advantarge:
- very fast-acting.

Disadvantages:

- expensive
- tigk of hepatitis in man after repeated exposure.

(b) Chloroferm: still very often used for euthanacia,

Advantage

- inexpensive

Disadvantages

- initially stimulant
- hepatotoxic
- must never be used in the proximity of mice because toxic for that species.

(e} Ether: the most commonly used.
Advantage:
- inexpenzive
Disadvantages

- initially stimulant
- inflammable, explosive,

If animals are sacrificed with ether, care should be taken when storing and
Incinerating the carcasses because of the risk of explosien. For examrple, animals
sacrificed by ether should never be put in g refrigerater which is not equipped with a
fire-proofing system.

2.2.2 GQGases

{a) L0y (carben dioxide): wery often used, inexpensive, rapidly induces narcosis,
non-inflammable, and heavier than air, which reduces the danger of using it. Source:

- compressed gas in metal cylinders
- dry iee
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The animals are placed:

- either in an airtight container as for ether and chloroform,
- or in a cage inside a sealed plastic bag.

{b) QOther gasesg

- G0 (carbom monoxide) less commonly used, efficlent at a concentration of 2%,
di fficult to use. If an internal combustion engine is used to provide the gas, the
carbon monoxide must be filtered and cooled to aveid irritating the animals.

- nitrogen: rarely used, expensive, does not induce narcosis and has no advantage
over COj.

When using Lhis gas care must be taken to avoid all danger te humans and the cther
animals. The operation must be conducted in separate premises with appropriate eguipment

(perfectly airtighty.

2.3 Injecticon methods

These melhods use:

- non-volatile anaesthetics administered in overdose
other non-volatile substances.

Such products are generally injected intravenously. If another route of
administration (intraperiteneal, intracardiaec) is used, the anaesthetic effect of the
firsc phase is less rapid., These substances chould be administered under the supervision
of a veterinary surgeom,

2.3.1 HNon-velatile snaesthetics

The wmozt commonly used are harbiturates;

- thiopental scdium ("Pentethal")
- pentobarbital sodium ("Nembutal")

2.3.2 Other non-volatlle substances

The following substances are lezs frequently used:

(a) GChloral hydrate, chloralose: 1little anaesthetic activity, death supervenes as
a result of respiratory failure. These substances can interfere with study of
the hepatfc enzymes. They should be administered intraperitoneally.

(b) Magnesium salts: magnesium sulfate Is used in a concentration of between 2.5
and 4 ml/kg in an 80% saturated solution. This product is administered only
intravenously. A barbiturate should be administered first to induce narcosis.

Advantages:

- inexpensive
- no interference with study of enzyme systems.

Disadvantage:

spectacular reactions: convulsions, defecatien, vecalization,
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2.3.3 Dosage

Lethal effect is generally obtained:

- for anaesthetics with three times the dose used for anaesthecia;

- for other substances with a dose which is twice the LDsq (median lethal dose).

LETHAL DOSES OF SOME SUBSTANCES ADMINISTERED BY INJECTION

(mg/kg)
Chloralose Chloral Pentobarbital Thiopental
hydrate
Route of administration IVe  Ipwx v IP Iv 1P v IF
Mouse 342 1 200 210 210 225 460
Rat 165 1 100 120 120 140 240
Guines-pig 1 200 90 90 110 115
Rabbit 360 400 120 120 140 140

*IV: Intravenous
#%IP: intraperiteoneal




