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Summary

Two different materials—aspen wood-wool and paper towel—were compared as nesting
material for three inbred mouse strains (BALB/c, C57BL/6] and DBA/2} housed in barrier
conditions. In addition, the effect of varying the number of females per cage (one to three per
cage) of these three strains and with NIH/S outbred mouse stock was studied. The number of
litters, litter size and neonatal mortality were determined, as well as age, sex and weight of
weanlings. The type of nesting material did not affect the characteristics monitored. In all
strains, the number of weanlings per female was greatest in singly-housed females. In terms
of the number of weanlings per cage, two females per cage gave the best result. In DBA/2

mice, neonatal mortality increased when several females were caged together.
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Nest building, using almost any material
available, is typical rodent behaviour. Provi-
sion of nesting material is a method of
enrichment and is considered to have more
obvious welfare consequences for rodent
species than other cage additions (e.g. toys)
{Brain et al. 1993). Materials commonly used
include straw, hay, paper or wood shavings.
When testing the preference of mice for dif-
ferent types of nesting material, van de
Weerd et al. {1996) found that male mice
showed equal preference for wood and paper
materials; their ability to manipulate the
nesting material seemed to be important.
Reproductive success is known to be
affected by breeding method. Mice are
usually kept as monogamous pairs or har-
ems; one male is kept in a cage with one or
several females throughout the breeding
period. The ratios of males to females can
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vary from 1:1 up to 1:7 (Festing 1987).
Higher stocking ratios have been associated
with decreased numbers of weanlings per
female (Heine 1965). There are, however,
differences in litter size, litter interval and
neonatal mortality between different mouse
strains (Festing 1968). The type of bedding
material can also affect reproductive perfor-
mance; provision of deodorized cellulose
bedding decreased litter size, number of
weanlings and diminished lactation, when
compared with sawdust bedding (Iturrian &
Fink 1968, Cunliffe-Beamer & Les 1987).
Also the enzyme-inducing and cytotoxic
properties of different contact beddings and
nesting materials have been investigated
(Kdrenlampi & Torrénen 1990, Potgieter
et al. 1995, Pelkonen & Hinninen 1997).
The possible effects of nesting material on
other production parameters have not been
studied.

The aim of this study was to compare new
nesting material {aspen wood-wool) with our
standard material (paper towel) in mouse
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breeding. Furthermore, the effect of various
breeding systems on productivity was com-
pared between different strains.

Materials and methods

Animals and environment

Inbred BALB/c [n = 81 females, 32 males/32
cages), C57BL/6] (n = 41 females, 20 males/
20 cages) and DBA/2 (n = 71 females, 24
males/24 cages) mice (National Laboratory
Animal Center, Kuopio, Finland) and outbred
NIH/S mice {n = 30 females, 15 males/15
cages) (National Public Health Institute,
Kuopio, Finland}, were maintained in SPF
barriers. The number of females caged with
one male varied from one to three (Table 1).
Mice were housed in stainless steel solid
bottom cages (42 x 25 x 15cm) with aspen
bedding (chip size 4 x 4 x 1 mm, Tapvei Oy,
Kaavi, Finland). Cages were changed once a
week. The room temperature was 22.5 £+ 1°C
and relative humidity was 57 &£ 5%. The
artificial light/dark cycle was 12:12 with
lights on at 07:00h and there was an average
of 10-15 air changes per hour. Pelleted rat
and mouse food (R36, Lactamin AB, Stock-
holm, Sweden) and tap water were available
ad libitum. The tap water was filtered

and UV-irradiated and cage equipment,
bedding, food and nesting materials were
autoclaved.

Table 1 The experimental breeding groups with two
different nesting materials

Females Paper Aspen
Strain per cage towel wood-wool
Inbred
BALB/c 1 4 cages 2 cages
2 1 cage 2 cages
3 12 cages 11 cages
C57BL/6) 1 3 cages 3 cages
2 5 cages 2 cages
3 4 cages 3 cages
DBA/2 1 5 cages 7 cages
2 3 cages 4 cages
3 7 cages 8 cages
Outbred
NIH/S 1 5 cages -
5 cages -
3 5 cages -

Experimental procedure

Inbred mice were offered aspen nesting
material (Tapvei Oy, Kaavi, Finland) or one
paper towel made of recycled pulp (Metsi
Serla, Finland) for nesting (Table 1). The
nesting material was in the form of wood-
wool made from aspen (Fig 1). A handful of
aspen nesting material was placed into the
cages; the amount was not weighed. Cages
without nesting material were not used,
because breeding female mice without pos-
sibilities to form nests is not recommended.
In this study the cages with paper towels
were considered as controls, since that is the
standard breeding situation in our facility.
NIH/S mice were taken into the experiment
later with the purpose of studying the effects
of strain and female number in the cage on
reproduction. For them, only paper towel was
used for nesting. Productivity of inbred
strains was monitored during six months
from September 1995 till February 1996.
Productivity of outbred NIH/S mice was
determined during five months from March
1996 till July 1996.

The number of litters, newborns and
weanlings as well as age, sex and weights of
weanlings were recorded. Mortality of new-
borns was calculated by subtracting the
number of weanlings from the number born
and expressed as percentages per cage. Since
animals used in this study were part of the
normal production system, the number of
cages and females varied slightly during the
study. Bias was eliminated by matching pro-

Fig 1 Female with neonates in nest made from
aspen wood-wool
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ductivity indices with the number of months
the animals in the cage were breeding (i.e. the
productivity results are expressed per
month).

The procedures and husbandry of animals
used in this study were in accordance with
the European Convention for the protection
of vertebrate animals used for experimental
and other scientific purposes {1990}. The
study was approved by the Ethical committee
of Animal Experiments of the University of
Kuopio.

Statistical analysis

Data were processed with the SPSS/PC+
V5.1 program (SPSS Europe B.V., Gorinchem,
The Netherlands). Distribution of data was
tested with the Kolmogorov-Smirnov test.
The statistical tests used are indicated in the
Results section. The independent factors
studied were strain of mouse, type of nesting
material and number of females per cage.

Results

According to our animal caretakers, the
aspen nesting material seemed to be more
durable and stayed cleaner than the paper
towel. This was not however, quantified in

any way. When several females shared a cage,
they all delivered their pups into the same
nest. Frequently, nests lost their structure
during the week and fresh material had to be
provided at cage changing. Those in good
condition were not changed, with the pur-
pose of avoiding unnecessary disturbance of
pups and mothers, and animals seemed to be
comfortable also in more than one-week-old
nests.

As a main factor, there were no differences
between these two nesting materials in any
of the characteristics studied (P > 0.05
MANOVA analysis or Mann-Whitney
U-test, Table 2). Nor were the weight or age
at weaning influenced by the quality of the
nesting material (P > 0.05 MANQVA analy-
sis, Table 2) or number of females in cage
{data not shown). The effect of nesting
material on the productivity parameters of
three inbred mouse strains was quite similar
{interaction of nesting material and strain in
MANOVA analysis, P > 0.6). Qutbred NIH/S
mice had more litters/cage per month, larger
litter size and more weanlings/cage per
month than inbred strains (P < 0.05 Scheffe
test or multiple comparison between groups
test, Siegel 1988, Table 2).

Litter size was not affected by the number
of females per cage (P > 0.05 one-way
ANOVA analysis, Table 3). When comparing

Table 2 Productivity of four mouse strains with paper towel or aspen wood-wool for nesting

BALB/c C57BL/6) DBA/2 NIH/S
Aspen  Paper Aspen  Paper Aspen  Paper Paper P value
(n=15) (n=17) (=8 (n=12) (n=19) (=15 (n=15) Strain/Nesting material
Litters/cage/ 12403 1.0+05 1.0+03 09+0.3 0.8+0.3 09+03 1.8+0.7" 0.000/NS (K-W and M-W)
month
Litter size? 51+1.2 45+14 59+1.0 55+1.7 47+20 45+13 85+1.9° 0.002/NS (MANOVA)
Weanlings/ 57415 44+20 57+£18 49+2.0 40+24 40+20 14.9+45  0.000/NS (MANOVA)
cage/month?®
Neonatal 10+8 14+11 10+10 15+£18 19+30 14411 14413  NS/NS (K-W and M-W)
mortality %
Age at 21£2 21+3 22+2 222 21+£3  21+3 1942 NS/NS (MANOVA)
weaning (days)
Weight at 1041 10+1 9+2 10+2 9+2 9+2 10+2 NS/NS (MANOVA)
weaning (g) :

" The NIH/S mice differed from the other strains, P <0.05 Scheffe test or multiple comparison between groups test (Siegel

1988)

Means + SDs are shown, n=number of cages, a=the number of females per cage was taken as a covariate and it had a
significant effect (P <0.03). NS=P > 0.05. K-W = Kruskall-Wallis test, M-W = Mann-Whitney U-test
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Table 3 Productivity of four mouse strains at different number of females per cage

Strain Females in cage Litters/cage/month Mean litter size® Weanlings/cage/month® Neonatal mortality %
BALB/c 1 (n=6) 0.7+0.1 53+0.9 3.8+1.0 12+10
2 (n=3) 1.4+0.6 4.8+0.9 49+2.0 2318
3 (n=23) 1.2+04 47+14 53420 11+9
C57BL/6) 1 (n=6) 0.6+ 0.22 5.7+1.3 3.5+1.328 5+8
2 (n=7) 1.1+0.3 52+18 59+23 22+21
3 (n=7) 1.0+0.2 6.2+1.2 6.0+09 11+9
DBA/2 1 (n=12) 07403 5.0+1.4 38+19 5+73
2 (n=7) 0.9+0.2 5.2+1.2 46+21 13+£13
3 (n=15) 09+04 40+19 40425 28 + 31
NIH/S 1 (n=5) 1.1£0.17 101422 10.441.5%3 7+13
2 (n=5) 2.1+03 78+1.4 16.01+£2.4 18+ 14
3 (n=5) 24+£0.5 7.7+1.2 18.4+£4.4 17412

When the Kruskall-Wallis test or one-way ANOVA test showed a significant effect of the number of females per cage,
productivity indices were further analysed with a multiple comparison between groups test (Siegel 1988) or with a Scheffe test.
Superscripts indicate groups from which marked groups differed P < 0.05
Means+5Ds are shown, n=number of cages. a=nesting material was taken as a covariate but it had no significant effect

(P> 0.05)

the mean number of litters produced by
paired females, the number seemed to be
double that of monogamous pairs, except in
DBA/2 mice. The difference was statistically
significant, however, only in C57BL/6J mice
{P < 0.05 multiple comparison between
groups test, Siegel 1988). Harems comprising
three females did not, however, further
increase the number of litters. In C57BL/6]
and NIH/S mice, the number of wean-
lings/cage per month was higher in cages
with two or three females than in cages with
one female (P < 0.05 Scheffe test). Only in
DBA/2 mice was the neonatal mortality
higher in cages with several females (P < 0.05
multiple comparison between groups test,
Siegel 1988), even though it tended to be
lowest in single-housed females in all strains
(Table 3). The influence of the number of
females per cage on productivity can also be
seen in Fig 2. In all strains, productivity per
female fell when the number of females per
cage increased from 1 to 3 {P < 0.05 multiple
comparison between groups test, Siegel
1988).

Table 4 shows the estimated number of
cages needed each month to produce 100
weanlings, at different number of females.

- Two females per cage reduced the number of
cages needed by four to 12 when compared
with cages containing one female. Housing
three females with each male does not

Xy

BALB/: CE788Y DBA2 NIHIS

Number of weanlings / famale { month

Number of females f cage

Fig2 Number of weanlings/female in four mouse
strains with aspen wood-wool or paper towel for
nesting. * Significant effects of female numbers in a
cage when compared to cages with three females,
P < 0.05 (multiple comparison between groups
according to Siegel 1988)

B Aspen 7 Paper

greatly influence the number of cages
needed, compared to cages containing two
females.

Table 4 Calculated number of cages needed to
produce 100 weanlings per month for the four
different mouse strains

1 female 2 females 3 females
Strain per cage per cage per cage
BALB/c 26 20 19
C57BL/6) 29 17 17
DBA/2 26 22 25
NIH/S 10 6 6
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Discussion

The two nesting materials tested were asso-
ciated with similar productivity parameters.
This indicates that they are equally suitable
for breeding mice. Aspen nesting material,
according to our caretakers, seemed to stay
cleaner longer than paper towel, which might
make it more comfortable for the animals.
Moreover, the wood-wool is made of the
same material as used for our bedding and so
does not introduce any extra compounds into
the cage environment. However, the chemi-
cal composition of paper may be superior to
that of wood-wool since it has been shown
that paper products in general have low
cytotoxicity and enzyme inducing activity
{Torrénen et al. 1989, Potgieter et al. 1995).
Wood materials {softwoods and hardwoods)
on the contrary, have been shown to be more
cytotoxic than paper products (Potgieter et al.
1995, Pelkonen & Hinninen 1997). Recycled
paper, as the paper towel we used in this
study, has been found to express stronger
enzyme inducing properties than its bleached
counterparts or non-bleached papers (Kir-
enlampi & Térronen 1990). Norris and
Adams (1976) found a higher rat pup mor-
tality when paper tissues (53%) rather than
wood-wool (13%) were supplied as nesting
material indicating the superiority of wood-
wool. They concluded that the decline was
due to differences in nest-building and nest
maintenance activities, but Potgieter et al.
{1995) stated that it might also be a con-
sequential cytotoxic effect. Our findings are
based only on the breeding results; according
to that, neither of the nesting materials was
better than the other.

Productivity of females is not the only
parameter to be considered when the pro-
duction of laboratory animals is planned. For
example, Festing {1987} claimed that a higher
ratio of females to males would be more
economical, even though productivity per
female declines. The unit economic cost of
breeding mice in cages containing one or
three females is approximately the same. The
number of cages needed, on the other hand,
may be the critical factor in breeding facil-
ities limited by the number of rooms or size.
Table 4 shows that in order to produce 100
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weanlings per month, the number of cages
needed can be reduced from 10-29 cages to
6-22 cages, by housing two females in each
cage, instead of one female. A third female in
a cage does not reduce the number of cages
needed. Hence, there is no reason to increase
the number of females over two per cage.
From an ethical point of view, the main-
tenance of unnecessary animals under
laboratory conditions should be avoided.

The study confirmed previous findings that
productivity per female is highest in cages
with one female {Heine 1965). A significant
increase in numbers of weanlings per cage
with increasing numbers of females housed
{from one to two and three) was seen only in
C57BL/6] and NIH/S strains. The litter size
remained statistically unaffected by the
number of females per cage, although there
seemed to be an indication of strain differ-
ences; C57BL/6] > BALB/c > DBA/2, which
is in accordance with Festing (1979). On the
other hand, the number of litters per cage did
not increase in line with the number of
females. Accordingly, the reason for the
reduced productivity of females caged toge-
ther was a reduction in the number of litters
produced per female.

The declined number of litters might be
due to alterations in the sexual cycle of
females. It is known that group-housed
female mice, when introduced to a male, will
undergo a synchronized oestrus cycle, the so-
called Whitten effect. Also pseudo-
pregnancies, which might be caused by social
interactions (Marchlewska-Koj et al. 1994)
may prolong the interval between oestrus
periods (Harkness & Wagner 1983). Social
relationships and dominance hierarchies can
have an influence on the reproductive per-
formance by evoking termination of preg-
nancy if disturbance of homeostasis after
fertilization occur {Marchlewska-Koj 1997)
and inhibiting the reproduction of sub-
ordinant female by a dominant one (Parmi-
giani et al. 1989, vom Saal et al. 1995). On
the other hand, in less aggressive strains two
females were housed with a male and both
females produced litters successfully {Par-
migiani et al. 1989). The other explanation
for the altered oestrus periods and declined
number of litters may be the reduced space
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per female in the cage. In wild mice, the
fertility of females is reduced when their
locomotion activity is restricted (Andervont
& Dull 1962) and in crowded housing con-
ditions the inhibition of the oestrus cycle has
been observed (Marchlewska-Koj et al. 1994).
However, this assumption is challenged by
the fact that females nursed their pups toge-
ther in the same nest. Finally, one more
explanation for the reduced productivity
might be an inhibitory effect of young on the
oestrus cycle of females.

The neonatal mortality probably also had
some effect {statistically significant only in
DBA/2 mice) on the productivity. Virtually
all pregnant females exhibit infanticide
occasionally {(McCarthy & vom Saal 1985).
Increased infanticide has been observed when
both sibling and unfamiliar females have
been housed together (Vom Saal et al. 1995).
Since most of the mice in this study gave
birth during night time, the mortality of
newborns immediately after birth was
undetected. However, the results indicate
that the newborn mortality did occur in all
four strains.

In conclusion, the nesting materials eval-
uated in this study resulted in a similar pro-
ductivity by breeding mice. Moreover, the
most effective breeding system, from the
viewpoint of productivity per female is to
cage one female with each male, although
productivity per cage is highest in cages
containing two females.
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