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Abstract

Tests of emotionality conducted outside the home-cage show that rodents from standard laboratory housing are more anxious than
animals from enriched housing; however, it is not known if this also indicates increased anxiety within the home-cage. We used a
novel method, recording the self-administration of a psychoactive anxiolytic, to examine home-cage anxiety levels of laboratory mice
(three per cage) in Standard (n = 10 cages), Unpredictable (n = 10 cages) and Enriched (n = 6 cages) housing. The mice were
given a choice of drinking either non-drugged water or a solution of the benzodiazepine Midazolam. There was a significant effect
of housing on the proportion of total fluid consumed from the bottle containing Midazolam solution (P = 0.02). Mice from Standard
and Unpredictable cages drank a greater proportion than mice from Enriched cages. This indicates that mice from the Standard and
Unpredictable laboratory caging may have been experiencing greater anxiety than mice from the Enriched cages. There was also a
significant effect ofbottle position (P = 0.002). Mice from the Standard and Unpredictable cages drank a greater proportion of total
fluid from the bottle containing Midazolam solution when this was toward the rear of the cage rack, ie in a location that was less
susceptible to extraneous disturbance. Monitoring self-administration of psychoactive drugs as a method of welfare assessment could
be applied to a wide variety of housing conditions, husbandry practices, or experimental procedures that putatively induce negative
mental states. The major finding is that standard cages for laboratory rodents may induce greater anxiety than enriched cages. This
is discussed in terms of animal welfare and the validity of data from animals housed in minimalistie environments.
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Introduction

Standard housing for laboratory rodents is highly minimal­
istic with respect to both the quantity and quality of the
environment it provides. Typically, cage dimensions are
small (less than 4-5 body-lengths of the animal) and the
cage contains nothing other than food, water, litter material
and perhaps cage-mates. It is widely argued that standard
housing and husbandry compromises animal welfare (eg
Jennings et al 1998; Wlirbel 2001; Olsson & Dahlbom
2002; Sherwin 2002; Olsson et al 2003). One consequence
of standard housing can be an influence on the mental states
of the animals. For example, in tests of emotionality (eg ele­
vated plus maze, open field, shuttle box), rodents from stan­
dard laboratory housing behave in a manner indicative of
being more anxious or fearful than animals from enriched
housing systems (Chamove 1989; van de Weerd et al1994;
Prior & Sachser 1995; Chapillon et al1999; Roy et al2001;
Schrijver et al2002). Although these studies clearly demon­
strated the influence of housing on mental states, these tests
were conducted on animals outside their home-cage. It is
important for two reasons to examine the possibility that
housing influences mental states within the home-cage.
First, if standard laboratory housing causes animals to

become anxious within the home-cage, this indicates that
such housing systems might routinely induce a negative
mental state that compromises welfare; this might persist
for a large proportion of the animals' lives. Second, anxiety
or fearfulness can substantially influence a range of physio­
logical and behavioural responses (eg Broom & Johnson
1993; Moberg & Mench 2000). This would, in many cir­
cumstances, reduce the validity of the research for which
the animals are being housed and thus negate the reason for
their being housed in the first instance.
But, how can we objectively assess the negative mental
states of animals in their home-cage? One possibility is to
allow animals the opportunity to self-administer drugs
believed to alleviate negative mental states. Self-adminis­
tration of drugs as a tool to assess animal welfare has been
reported previously. Colpaert et al (1980, 1982) used a simple
drug choice procedure to show that rats suffering from
painful adjuvant-induced arthritis consumed more of an
analgesic than did non-arthritic animals. Pickup et al (1997)
and Danbury et al (2000) examined self-administration of
analgesic by broiler chickens. These birds often experience
leg problems associated with breeding, growth and
husbandry, and can develop highly abnormal gaits or
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Figure I

The enriched and standard cages used to measure the effect of
housing on self-administration of anxiolytic by laboratory mice.

become completely unable to walk. Lame birds selected sig­
nificantly more drugged food than non-lame birds and, as
the severity of the lameness increased, lame birds consumed
a significantly greater proportion of the drugged food
(Danbury et aI2000). This was interpreted as indicating that
lame birds were experiencing the negative mental state of
'pain' and behaved appropriately in the home-pen to alleviate
this. The present study followed a similar line of reasoning.
We hypothesised that if mice were housed in conditions that
caused them to be anxious or fearful, they would self­
administer more anxiolytic than animals housed under con­
ditions that are presumed to induce less anxiety.
Midazolam is a benzodiazepine that has a clear anxiolytic
effect on rodents. Administration of this drug reduces the
rate of ultrasonic distress vocalisations made by mouse pups
when separated from their mother and littermates (Fish et al
2000), reduces aggression between mice in staged intruder
contests without increasing immobility (Lopez & Navarro
1999), decreases anxiety in an elevated plus maze (Nunes­
de-Souza et a12000; Rosa et a12000; Bertoglio & Carobrez
2002; Cruz-Morales et al 2002), reduces reactivity to pred­
ator odours (Dielenberg & McGregor 2001; McGregor et al
2002), abolishes the avoidance of an aversively conditioned
environment (Harris & Westbrook 1994), and induces pref­
erences for an environment (Pain et aI1997). The aim of the
present study, therefore, was to determine whether mice in
a range of housing systems would differentially self­
administer an anxiolytic, Midazolam, indicating different
levels of anxiety related to housing conditions.

Materials and methods

Animals and housing

The study was conducted at The Institute for Molecular and
Cell Biology, Porto, Portugal. Seventy-eight C57BI/6J
female mice were obtained from a commercial breeder
(Harlan Iberica) at three weeks of age. After one week of
quarantine, the mice were placed into groups of three and
randomly assigned to one of three housing treatments
(Figure 1). These were Standard (animals housed in stan­
dard cages with standard husbandry, n = 10 cages),
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Unpredictable (animals housed in standard cages with
unpredictable events, n = 10 cages) and Enriched (animals
housed in larger cages with an enriched environment, n = 6
cages). The standard cages were standard wire-topped
Makrolon II cages (265 mm x 205 mm, 140 mm high). The
unpredictable events comprised changing the position ofthe
cage in the rack, or tilting the cage by 7° along the shorter
side of the cage either inwards towards the wall or outwards
towards the room. This was done two or three times each
week for varying periods with a maximum of two days,
starting at a randomly selected time between 0900h and
1500h, and was the same event for all cages of the
Unpredictable treatment. The enriched cages were standard
wire-topped Makrolon III cages (265 mm x 410 mm,
175 mm high) containing a translucent red PVC nest box
(MouseHouse; Tecniplast), a 115 mm diameter metal running­
wheel, two 100 mm long, 45 mm diameter cardboard tubes,
and two sheets (240 mm x 220 mm) of absorbent paper
(Renova SA, Torres Novas, Portugal) for nesting material
which were replaced once each week.
For all cages, the sawdust bedding material (Harlan
Iberica) was changed once each week by transferring the
mice and the cage top to a clean cage bottom with fresh
bedding. Mice in all cages had ad libitum access to stan­
dard rodent chow (Harlan Iberica). The room was on a
12h light: 12h dark cycle with the light phase starting at
0500h. Temperature and relative humidity were maintained
at 21-23°C and 70-100%.

Anxiolytic and procedure

The top of each cage contained two transparent water
bottles, one marked with a blue stripe down the length of
the bottle and one unmarked. Each cage had two drinker
positions, one to the rear or inside of the rack ('In') and one
to the front or outside ofthe rack ('Out'). Within each cage,
the striped bottle was always placed in the same position;
however, the bottle positions were balanced so that half of
the cages of each treatment had the striped bottle in the 'In'
position and half in the 'Out' position. The striped bottle
was always placed with the stripe downwards so that it was
visible to the mice.

The study comprised four phases:

(1) Control (10 days): both bottles contained only auto­
claved tap water.

(2) Self-administration, 0.02 mg ml- I (28 days): Midazolam
solution (0.02 mg ml- I

) was available in the striped bottle
and autoclaved tap water in the non-striped bottle.

(3) Midazolam only (6 days): on alternate days either only
Midazolam solution (0.08 mg ml- I

) in the striped bottle was
available, or only autoclaved tap water in the non-striped
bottle.

(4) Self-administration, 0.08 mg ml- I (6 days): Midazolam
solution (0.08 mg ml- I

) was available in the striped bottle
and autoclaved tap water in the non-striped bottle.
Midazolam solution was prepared by dissolving tablets
(Dormicum®, Roche Farmaceutica Quimica, Lda) in
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Figure 2

The effect of housing conditions on the amount of total fluid con­
sumed when only tap water or Midazolam anxiolytic solution
(0.08 mg ml") was available. Values represent means + SEM.

The effect of housing conditions on the proportion of total fluid
consumed from a marked bottle containing either tap water or
Midazolam anxiolytic solution (0.02 mg ml"). Values represent
means + SEM.
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Figure 3

(t = 4.67; df= 14; P = 0.0004). None of the other propor­
tions was significantly different from 0.5 (Figure 4).

Discussion
The major finding of this study is that when mice were able
to drink Midazolam (0.08 mg ml- I

) solution, overall, mice in
standard laboratory housing drank more ofthe solution than
did mice in enriched housing (Figure 4). Midazolam is
widely considered to have psychoactive anxiolytic proper­
ties for rodents, and the increased consumption supports the
hypothesis that mice in standard laboratory housing were
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autoclaved tap water. All bottles were weighed and refilled
with fresh autoclaved tap water or Midazolam solution
twice each week during Phases 1 and 2, and every two days
during Phases 3 and 4.

Statistical analysis
The data were normally distributed (Anderson-Darling
Normality Test run on MiniTab; A2 = 0.349, P = 0.468) and
were therefore analysed primarily by ANOVA with differ­
ences between means tested by Fisher's Protected Least
Significant Difference when appropriate. Where data are
expressed as proportions, the raw data were first subjected
to arcsine, square-root transformation. Values in figures are
non-transformed. The data from Phase 4 were additionally
subjected to a single-group t-test to determine whether
mean consumption of anxiolytic solution for each housing
treatment and bottle position differed significantly from 0.5
of the total consumption of fluid.

Results
Comparing only data from the Control and Self­
administration 0.02 mg ml- I phases, two-way ANOVA
showed that there was no significant effect of housing treat­
ment, Midazolam availability or interaction (F2 1 2 = 1.4, 0.6,
0.4; P = 0.23, 0.4, 0.65) on the proportion oftot~1 fluid con­
sumed from the striped bottle (Figure 2).
During the Midazolam-only phase, substituting Midazolam
solution for tap-water increased total fluid consumption
(Figure 3). Two-way ANOVA showed that there was no sig­
nificant effect of housing treatment on the total volume of
fluid consumed, but there was a significant effect of
Midazolam availability and interaction (F

2
,1,2 = 2.3, 89.3,

3.4; P = 0.1, 0.0001, 0.03).
During Phase 4, the mice were able to self-administer
Midazolam solution of a greater concentration than during
Phase 2, ie 0.08 mg ml- I

• Two-way ANOVA showed that
during Phase 4, overall there was a significant effect of
housing treatment, bottle position and interaction on the
proportion of total fluid consumed from the bottle contain­
ing Midazolam solution (F2 12 = 4.1, 9.9, 7.6; P = 0.02,
0.002, 0.01). Mice from Sta~dard housing drank a signifi­
cantly greater proportion of anxiolytic than mice from the
Enriched housing (P = 0.007), and tended to drink a greater
proportion than mice from the Unpredictable housing
(P = 0.06). Because of the significant interaction, the data
were re-analysed separately for each housing treatment.
One-way ANOVA showed that bottle position had a signif­
icant effect on the proportion of total fluid consumed from
the bottle containing Midazolam solution for the Standard
(F

1
= 24.9; P < 0.0001) and Unpredictable (F

1
= 20.8;

P < 0.0001) treatments, but not the Enriched treatment
(F

1
= 0.9; P = 0.34). Single-group t-tests showed that the

mean consumption of Midazolam solution was significant­
ly greater than 0.5 of the total fluid consumption for mice in
the Standard housing with the Midazolam bottle in the 'In'
position (t = 10.4; df= 14; P < 0.0001) and mice in the
Unpredictable housing with the Midazolam in the 'In' position
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Figure 4

The effect of the interaction between housing conditions and
bottle position on the proportion of total fluid consumed from a
bottle containing Midazolam anxiolytic solution (0.08 mg ml-').
Values represent means + SEM. ***Significantly different from 0.5
(P < 0.00 I); *significantly different from 0.5 (P < 0.05); NS, not
significantly different from 0.5 (P > 0.05).

more anxious than mice in enriched conditions. Previous
studies have shown that the environment can influence self­
administration of anxiolytic. Adams and Oldham (1996)
and Rockman and Gibson (1992) housed rats in isolation or
in groups in standard cages or enriched environments, and
then tested consumption of alcohol after re-allocating the
animals to other housing conditions. These studies revealed
conflicting evidence of the effects of environment on self­
administration of this anxiolytic; however, it should be
noted that these studies measured the effect of prior housing
conditions on self-administration in a subsequent
environment. The present study is the first in which self­
administration of an anxiolytic was measured in the home­
cage of animals housed in standard, unpredictable, or
enriched environments. It has been shown that enriched
housing reduces the anxiety levels of animals in behavioural
tests conducted outside the cage (Chamove 1989; van de
Weerd et a1 1994; Prior & Sachser 1995; Chapillon et a1

1999; Roy et af 2001; Schrijver et a1 2002). The present
results indicate that enrichment also reduces anxiety within
the home-cage. Furthermore, these results can be interpret­
ed as indicating that mice placed into standard laboratory
conditions might be exposed routinely to an environment
that induces heightened anxiety and thereby compromises
animal welfare, regardless ofany other procedure that might
be performed on the animal.
It is unlikely that taste or other hedonistic properties of the
drug caused the differential self-administration during
Phase 4. Figure 3 shows that the availability of anxiolytic
solution increased the total volume of fluid intake above
that of non-drugged water, indicating that the anxiolytic was
reinforcing in all three housing systems under some conditions;
however, this might easily have been a novelty effect. When

D 'Out' position
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* NS

NS
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~ ---L..-

the data for Phase 4 were analysed separately for each housing
treatment and bottle position (ie ignoring the overall effects
shown by ANaYA), most treatment groups drank equal
volumes of fluid from both bottles, indicating that they did
not differentiate between the anxiolytic solution and non­
drugged water (Figure 4). If the Midazolam had hedonistic
properties, it might have been expected that the mice would
differentially select the anxiolytic solution, irrespective of
housing treatment.
There was no significant difference in the consumption of
fluid from the striped bottle when this contained tap water
during Phase 1 and when it contained 0.02 mg ml- l

Midazolam solution during Phase 2 (Figure 2). This was
probably due to the mice ingesting insufficient Midazolam
to experience the psychoactive effects. We used a concen­
tration of 0.02 mg ml-1 based on the calculation of a mouse
ingesting 3 mg kg-1 in 24 h, as has been widely used previ­
ously (Fish et a1 2000; Pakulska & Czamecka 2001;
Sannerud & Ator 1995; Soderpalm & Hansen 1998; Sun
et a1 2000). However, in these cited studies, the 3 mg kg-1

was given as a single dose. In the present study, it is highly
unlikely that the mice would have obtained their entire 24 h
water requirements in a single drinking bout; therefore, an
amount perhaps considerably lower than 3 mg kg-1 would
have been ingested in anyone drinking bout. This would have
reduced the anxiolytic effect and negated the opportunity to
learn to associate the striped bottle with the psychoactive
properties of the drug. Therefore, during the Midazolam­
only phase, the concentration of Midazolam was increased
to 0.08 mg ml-1 and the solution made available on alternate
days when the bottle containing tap water was also with­
drawn. This ensured that the mice had the opportunity to
drink the solution and learn to associate consumption of
fluid from the striped bottle with its anxiolytic effects, prior
to the second self-administration phase.
The significant effect of bottle position on consumption of
Midazolam shows that mice from the Standard and
Unpredictable housing drank more Midazolam when this
bottle was in the 'In' position. This position was towards the
rear of the rack and represents a location where the mice
would be less susceptible to extraneous disturbance. This
relates to another animal housing welfare issue. Water bottles
are typically situated at the front of the cage to facilitate
changing, but the present results indicate that for mice in
standard housing, the preferred bottle position is at the back
of the cage.

Animal welfare implications

This study has three major implications for animal welfare.
First, it describes a method that might be used to assess the
welfare of animals in a wide variety of housing conditions,
husbandry practices, or experimental procedures that could
induce anxiety. The method could be extended to examine
the possibility that other negative mental states (eg pain,
depression, frustration) are being experienced by animals in
other circumstances, which in turn would allow us to inves­
tigate potential methods of alleviation. Second, the finding
that mice in standard laboratory housing consumed more
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anxiolytic solution than animals in enriched cages adds to
the weight of evidence showing that standard laboratory
cages can compromise animal welfare. lfthis finding can be
extrapolated to other laboratories and standard caging sys­
tems, it indicates that mice are routinely being placed into
an environment that evokes heightened anxiety, regardless
of any other procedure to which the animal might be sub­
jected. Third, these findings relate to the external validity of
research using mice from standard cages. Animal research
depends on the assumption that responses of animals from
standard conditions are representative and that the study
therefore has good external validity. There is evidence that
this asswnption is not always realised (eg Crabbe et al
1999; Wlirbel 2001; Sherwin 2004). The present study indi­
cates that animals from standard cages might routinely be
more anxious than mice from enriched cages. This anxiety
is highly likely to have an impact on other aspects of the
animals' biology, and will influence responses both within
and outside the home-cage in ways that would be difficult
or impossible to predict. This might easily reduce the external
validity of studies from animals in such housing and thus
negate the reason for their being housed in the first instance.
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