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Effect of Enrichment Devices on Aggression
in Manipulated Nude Mice

Cynthia R Lockworth,"” Sun-Jin Kim,? Jun Liu,® Shana L Palla,** and Suzanne L Craig!

Agonistic behavior in group-housed male mice is a recurring problem in many animal research facilities. Common manage-
ment procedures, such as the removal of aggressors, are moderately successful but often fail, owing to recurrence of aggressive
behavior among cagemates. Studies have incorporated enrichment devices to attenuate aggression, but such devices have
had mixed results. However, these studies did not include research manipulations when assessing the benefits of various
enrichment devices. We obtained 100 male athymic nude mice and studied the efficacy of various enrichment devices, includ-
ing cotton squares, paper rolls, shredded paper, nylon bones, and a mouse house and wheel combination in the reduction
of fighting during an ongoing study that involved randomization followed by prostate and intratibial injections. Groups
were evaluated according to a numerical grading system for wound assessment. Examination of the data revealed that the
enrichment devices had no effect on the presence of wounds, thus none of the devices tested affected fighting in nude mice.
However, when mice began experimental use, fight wounds increased significantly at cage change and after randomization,
reflecting a disruption of existing social hierarchies. Therefore, in the context of an actual research study that involves com-
mon manipulations, the specific enrichment device had less effect on aggression in male nude mice than did the destruction

and reconstruction of social structures within each group.

Much is known about the normal behavior of mice in cap-
tivity. Mice prefer the company of conspecifics and are highly
social.>?? Singly housed mice may exhibit signs of isolation
syndrome that include stereotypies, anxiety, restlessness, and
aggression; this syndrome can result in physiologic changes
that alter the immune system and result in increased pathol-
0gy.15536364 Therefore, mice should be group-housed unless
there is a strong scientific justification for doing otherwise.

Mice are a territorial species.” In the wild, groups generally
live within a territory and consist of social units composed
of a dominant male, several females, their progeny, and, oc-
casionally, subordinate males.!”/26353658 A gingle dominant
mouse often controls a self-identified territory, which often has
a range of several hundred square meters.!” Other male mice
respond to olfactory cues, primarily urine marking within and
around the borders of the territory, that are dispersed by the
dominant mouse and therefore avoid the territory and the risk
of attack from its possessor.?® Nevertheless, even when living
in a small, limited space, such as a cage, male mice prefer the
companionship of a dominant male over a solitary existence.>®
This behavior further supports the importance of social hous-
ing for the wellbeing and social structure development of mice.

The importance of social housing for the wellbeing and
social structure development of mice has been well docu-
mented.>15295358,6364 The gocial organization of mice in the
wild varies between 2 types: dominance hierarchy and ter-
ritorial organization.!®* When balanced, dominance hierarchies
mitigate additional aggression and allow for priority access for
the most-dominant animals to limited resources such as food,
territory, and mates.? In addition, dominance hierarchies serve
to prevent high levels of intermale aggression, which may be
detrimental to the social group in the form of reduced foraging
and reproduction and increased injury and death.?
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Therefore, in the laboratory setting, housing in groups meets
the needs of the mice; however, the typical housing of multiple
males or multiple females within the confines of a cage may
frustrate their natural preference for small family groups and
their attempts to develop the requisite social structure.>2%56
This situation results in agonistic behavior, one component in
the repertoire of normal mouse behaviors that is demonstrated
in the wild but that has become amplified and extreme.

Agonistic behavior is any social behavior related to aggression,
including fighting, defending oneself, reconciliation, and avoid-
ance."122247 Agoression has several functions: the development
and maintenance of dominance hierarchies, acquisition of limited
resources, and competition for mates. The primary causes of di-
rect physical conflict in mice are defense of territory by males and
defense of pups by females.*’ Perhaps most importantly, physical
aggression is an essential means of ascension to and preservation
of male dominance status in a territorial group.!122247 Clearly,
the limited territory within the cage environment impedes ac-
cess to the typical channels for the resolution of aggression. As
a result of the limited living space, a dominant mouse has easy
access to the subordinate, and the subordinate has no means of
escape from the odor of marking scents deposited by aggressors
or from direct attack by an aggressor. Furthermore, subordinates
are prevented from demonstrating typical behaviors of retreat
during conflicts with conspecific cagemates.>?4! The inability
to control the social and physical environment can lead to an
escalation in aggressive behavior.%®

A mouse’s proclivity for aggression is affected by past expe-
riences. Past combative experiences result in learning, which
influences future aggression; for example, aggressive behavior
decreases after the experience of defeat.** Perhaps reduced
experience with aggression limits the learning of aggressive
behaviors. Consequently, if all studies could use siblings and
mice that are familiar with each other and have established
dominance hierarchies, aggression would likely be reduced.
However, in many research studies, mice are assigned randomly
to new groups, causing them to be removed from a cage and
group of familiar mice and placed into a cage of unfamiliar mice.
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Ultimately, to meet the highest standards of animal welfare
and produce reliable scientific data, a solution must be found to
minimize aggression in mice within the confines of the research
environment. Currently, the routine response to the observation
of wounded mice in a cage is to remove the aggressor. This prac-
tice temporarily resolves the existing issue, but aggression often
recurs as social hierarchies are reestablished. In addition, relocat-
ing mice involves an investment of resources, including time,
effort, and increased housing costs for each additional cage.

Intermale aggression is affected by modifications in the cage
environment,?’ and therefore, one possible solution for agonistic
behavior in mice—and more specifically, fighting—is environ-
mental enrichment. Environmental enrichment is the modification
of the microenvironment of the mouse through the addition of
social groupings and physical structures to reduce undesirable
behavior and stress while promoting and facilitating normal, posi-
tive species-typical behaviors with the goal of improving animal
wellbeing 8425264 Enrichment must address physiologic needs as
well as behavioral needs of mice, which include social behavior,
foraging, burrowing, nest construction, and exploration.? Ideally,
appropriate devices should satisfy other common behaviors also,
including exercising, burrowing, foraging, digging, gnawing,
climbing, and nesting.>* Commonly used devices include manipu-
landa, nesting materials, shelters, tubes, platforms, running wheels,
and enlarged cage space.®*2 However, the efficacy of enrichment
to attenuate agonistic behavior in mice remains unclear.

Environmental enrichment studies have had varied outcomes
regarding the effect of enrichment on aggression in mice. Many
studies have demonstrated an increase in aggression resulting
from enrichment.”102021,23,27,3853,65 In contrast, multiple other
studies have found that environmental enrichment reduces
aggression in mice. 241445555759 Gti]] other studies have demon-
strated no effect of enrichment on aggression 2138555758

Numerous explanations can be provided for the different
outcomes in environmental enrichment studies. Variations are
likely due to differences in mouse strain, age, or sex; population
density in the experimental cages; variety of enrichment device
or duration of enrichment; assessment criteria for aggression; and
experimental design.?” For instance, enrichment has a greater
effect on males and variable effect on different strains, such that
the choice of sex and strain in a study could have a significant
bearing on results.!>3853616465 One thing that studies of the ef-
fects of enrichment on aggression in male mice have in common
is that they have not taken into account the use of strategies to
ameliorate aggression during actual research studies and mouse
manipulation, particularly after randomization of mice.

We sought to fill this gap in knowledge by examining the effect of
various enrichment devices on nude mice that proved to be aggres-
sive during a research study involving randomization and surgery
at our institution. To this end, we compared the efficacy of various
enrichment devices with cotton squares, the standard enrichment
device used in our facility. Previous research has indicated that,
compared with other enrichment items, nesting material is most
preferred by mice and effectual, but whether this preference and
efficacy remains after the stressors experienced during a research
study is unknown currently.*>°%5 We hypothesized that alterna-
tive enrichment devices would prove more beneficial to reduce
aggression in nude mice before and after manipulation.

Materials and Methods
Animals. We obtained 100 male athymic NCr"*/"* mice
(weight, 25 to 30 g; age, 8 wk) from the National Cancer Insti-
tute (Frederick Cancer Research Facility, Frederick, MD). To
fulfill the ideals of reduction, refinement, and replacement,

we performed this study concurrently with an ongoing study
involving randomization, a surgical procedure, and imaging.

All animals were part of an IACUC-approved study at The
University of Texas MD Anderson Cancer Center (Houston,
TX), were housed in accordance with the Guide for the Care and
Use of Laboratory Animals, and were maintained inan AAALAC-
accredited facility.?® As part of the health surveillance program,
sentinel mice were assessed quarterly and annually for mouse
parvoviruses, mouse hepatitis virus, Theiler murine encepha-
lomyelitis virus, epizootic diarrhea of infant mice, Sendai virus,
pneumonia virus, reovirus, lymphocytic choriomeningitis virus,
mouse adenovirus, ectromelia virus, K virus, polyoma virus,
and Mycoplasma pulmonis and found to be SPF. In addition,
testing excluded mice with pathogenic endo- or ectoparasites.

Husbandry. Mice were group-housed, 5 per cage, in individu-
ally ventilated polycarbonate cages (365 x 207 x 130 mm,; floor
area, 542 cm?) containing 0.5-cm corncob bedding (The Ander-
sons, Maumee, OH). The temperature, humidity, and lighting
were maintained at72+2 °F (22.2+ 1.1 °C), 50% £5%, and 12:12-h
light:dark, respectively. Mice were provided free-choice irradiated
rodent chow (LabDiet 5053, PMI, St Louis, MO) and reverse-
osmosis—purified, chlorinated, water by automated delivery.
Cages were cleaned and the bedding replaced once every 2 wk.

Enrichment. The study used 5 enrichment devices: 2-inch
squares of cotton fiber (Nestlets, Ancare, Bellmore, NY); small
paper rolls that can be unfurled (Enrich-n-Nests, The Andersons,
Maumee, OH); 1/8-in. shredded paper strips used by rodents
to build nests (Enviro-Dri, Shepherd Specialty Papers, Milford,
NJ); natural flavor, petite nylon bones for gnawing (Nylabones,
Bio-Serve, Frenchtown, NJ); and polycarbonate enclosures and
wheels that provide shelter and exercise (Mouse Igloos with
Fast-Trac, Bio-Serve, Frenchtown, NJ). At each biweekly cage
cleaning, cotton squares and paper rolls were renewed, and
shredded paper, nylon bones, and houses with running wheels
were gently removed and reused. Each enrichment group in-
cluded 20 mice (4 cages with 5 mice per cage).

Wound grading system. Environmental enrichment devices
and aggression have been assessed in several ways in previous
studies.!?22539%8 We sought to measure a single component of
agonistic behavior: fighting. Wounds inflicted in nude mice
while fighting may be the most readily quantified element of
agonistic behavior because the lesions are easily visualized
during and after a physical encounter.

On arrival, mice were placed into standard cages (5 mice per
cage) according to the original groupings from the vendor. Dur-
ing the 10-d acclimation period, they were housed in standard
cages containing corncob bedding and cotton squares. After
the acclimation period, wounds were assessed according to
a numeric grading system (Table 1) based on the number of
wounds counted. Wounds were defined as a complete break in
the continuity of the epithelium. Wound grades were assessed
daily during the same 3-h interval (11:00 to 14:00) by 4 observers
trained to count wounds and follow the grading system. Wound
assessments occurred for all mice on days 1 through 50. Mice
were removed from the cage when grade 3 wounding occurred.

Manipulations. Because this study was conducted concurrently
with another study, common research variables were incorporated,
which allowed us to assess the effect of manipulations on aggres-
sion and enrichment in the mice. These manipulations included
randomization on day 20, surgery (prostate and tibial injections)
on days 24 and 25, anesthesia with imaging on day 40, and intra-
peritoneal injections 3 times weekly from day 26 through day 49.32

Randomization. On day 20, mice were randomized intention-
ally such that 3 mice were removed from each cage; each group
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Table 1. Summary of wound rates over time by type of enrichment

Cotton ~ Nylon  Mouse house Paper Shredded
Day squares bone and wheel rolls paper
Before randomization
1 0.25 0.07 0.25 0.08 0.22
7 0.30 0.28 0.29 0.08 0.28
14 0.28 0.18 0.49 0.05 0.17
19 0.42 0.12 0.25 0.07 0.07
After randomization
21 0.63 0.50 0.49 0.57 0.69
23 0.68 0.44 0.42 0.47 0.67
26 0.53 0.30 0.26 0.25 0.40
38 0.27 0.17 0.29 0.05 0.23
41 0.20 0.07 0.23 0.04 0.10
50 0.02 0.04 0.03 0.04 0.09

To visually compare the enrichment groups during the evaluation period,
we adjusted for the variation in onset of wound rates. Therefore, wound
rates were centralized by subtracting the rate of each group on day 1.
After adjustment, the difference in wound rates started at 0 for all groups.

of 3 mice was separated further, and each of these 3 mice was
moved to anew cage containing 2 mice original to that cage, thus
returning the cage population to 5 mice. When complete, each
cage retained 2 original mice and 3 new mice. Randomization
of mice occurred within the same enrichment-device group.
Statistical methods. The means of the wound grades were
used to summarize fighting among mice on each day according
to the type of enrichment. The mean was calculated as a ratio of
the total wound grade divided by the maximal wound grade for
each enrichment group on each day. For example, the maximal
wound grade on a given day is 60 for 20 mice and 57 for 19
mice. If a mouse was removed from the study due to death or
separation, the mouse was excluded from the calculation of the
maximal wound grade on that day and thereafter. The difference
in grade between 2 consecutive days for each mouse was used
to represent new wounds. When the difference was greater than
0, we determined that the mouse received new wounds on that
day. If the difference was less than or equal to 0, we determined
that the mouse’s existing wounds were healing, and it did not
have new wounds. The rate of new wounds was calculated as
a ratio of the total new-wound grade divided by the maximal
wound grade for each enrichment group on each day. The
proportion of mouse-days that a mouse received new wounds
was calculated across all days for all mice in each enrichment
group. Pearson x? tests were used to determine the significance
of differences in proportions between the cotton-squares group
(control group) and the other 4 enrichment groups (a pairwise
comparison) and among all 5 enrichment groups (an overall
comparison). P values less than 0.05 were considered significant.
Any adverse event experienced by a mouse, such as separation,
that resulted in removal of the mouse prior to the end of the study
was recorded, and the sum of mouse-days for each event was
calculated for each enrichment group. If a mouse experienced
more than 1 event during the period of observation, the event
and corresponding mouse-days were assigned to the mouse in
the following hierarchy: death > separation > other events. All
analyses were conducted in SAS 9.3 (SAS Institute, Cary, NC).

Results
During the first week of wound assessments (Figure 1), mean
wound rates increased rapidly for a short duration when the mice
experienced a cage change-out. Wound counts were highest at
the time of randomization and manipulation, days 20 through 26

Enrichment effects on aggression in mice

Wound
grade Count Description
1 1 to 10 punctate wounds Mild
2 11 to 20 punctate wounds Moderate
3 21 or more punctate wounds to Severe

coalescing wounds

Figure 1. Wound assessment metric.

(Figure 2); the mean wound rates decreased gradually thereafter.
During the first week, the enrichment group with the mouse house
and wheel had the highest mean wound rate, with a spike at day
4; after 50 d, their mean wound rate had decreased the most.

Similarly, wound rates (Table 1) in the group exposed to the
mouse house and wheel were increased during the first week. In
addition, wound rates between days 20 and 21 were increased
in all enrichment groups. When we evaluated the rates of new
wounds over time by type of enrichment (Figure 3), we noted
several consistent patterns. During the first week, the mice given
the mouse house and wheel had a marked spike in new wounds,
whereas the rates of new wounds for this group subsequently
were consistent with those of the other groups. In addition, all
groups showed a spike in new wounds at days 19 and 20.

During the course of the study, 5 mice were removed from
the study due to fighting. In addition, 3 mice died secondary to
manipulation, and 1 died due to fighting (most likely).

Overall, the proportions of mouse-days with new wounds
(Table 2) were not significantly different among the 5 enrich-
ment groups (P = 0.24). The proportion of mouse-days with new
wounds in the cotton-squares group did not differ significantly
from that of any other group.

Discussion

In animal facilities, devices are chosen for enrichment not
only for their benefit to the animal but also in light of economic,
ergonomic, and facility standardization factors.3! The cage envi-
ronment must meet the physiologic and behavioral requirements
of multiple strains of mice within a single facility. Therefore, we
elected to use devices and materials commonly used in laboratory
animal facilities. Each device chosen for this study was intended
to functionally mimic the animals’ natural environment in some
way and provide the opportunity to express a particular positive,
species-typical behavior. Cotton squares, which served as the
control, and shredded paper are commonly used nesting materi-
als. Nesting material has been demonstrated to be preferred by
mice over other enrichment devices.*>48-505455 Nesting material
is manipulated by both male and female mice and thus provides
increased activity, thermoregulation, and a place to hide, breed,
and avoid light or other conspecifics.1620:33345460 Cotton squares
facilitate many typical behaviors, particularly nesting, and also
confers control over their environment.!® Paper rolls were chosen
for their properties as a manipulable device and as an alterna-
tive nesting material. Nylon bones satisfy the needs to gnaw
and manipulate. Finally, the mouse house and wheel was used
because it has properties that fulfill the needs of hiding, climbing,
sheltering, and exercising.

Interestingly, the one device that resulted in a spike of ag-
gression during the first week was the mouse house and wheel.
Shelters such as the mouse house are known to affect strains
differently, as do different forms of shelters.3%5158 Shelters
have been found to both increase and reduce aggression.243058
However, the addition of a running wheel has consistently been
shown to increase fighting, likely because it is a coveted object
that has limited access.?#305! Unlike nesting material, which
alters only the quality of the space, shelters (and ostensibly the
running wheel) also increase the quantity of space.” Increasing
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Figure 2. Differences in wound rates over time according to type of
enrichment.
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Figure 3. The rate of new wounds over time according to type of en-
richment.

the quantity of space allows territory to expand, causing the
roles within a social group to become unstable.>® Therefore,
the introduction of this highly valued territorial item likely led
to an initial shifting of social structure in our mice. However,
early wound rates were consistent among the other devices.
In the framework of an actual research study that involved
common manipulations, the specific enrichment device had
less of an effect on aggression in male nude mice than did
the destruction and reconstruction of social structures within
each group. Although the difference was not statistically sig-
nificant, the wound rate of the paper-rolls group was lower
consistently than that of the other enrichment device groups.
Even in the peak period between randomization and surgery,
the wound rate remained lower than those of the cotton
squares and shredded paper groups. We deduce that during
increased stress, a paper device distributed over the cage floor
for manipulation may be slightly more beneficial than devices
promoting behaviors involving gnawing, nesting, exercise, and
hiding. More specifically, this enrichment may have fewer of
the negative effects that arise with other devices involving
territoriality and social hierarchy destabilization, owing to the
generally uniform availability of the paper roll enrichment to
all mice within a cage. Because this device is easily distributed
throughout the entire cage, all mice within a cage are able to
access it without having to be in close proximity to each other;
moreover, the paper rolls provide the opportunity for mice to
work. In contrast, even cotton squares and shredded paper,

demonstrated to be preferred by mice, may not be widely
distributed or accessible by all within a cage at any given
time.*25054n addition, the group sizes we used in the current
study may have reduced the potential effects of enrichment.
Behavioral assays have shown that the optimal size for a sta-
ble dominance hierarchy in the cage environment is 3 mice.>
Therefore, our group size of 5, which is common in most animal
facilities, exceeded ideal conditions and contributed to social
instability. Overall, the effect of social hierarchy likely muted
the benefit of the enrichment devices.

In the 20 d preceding randomization, there was mild fluctua-
tion in fighting within all enrichment groups. However, wound
rates and new wounds increased significantly in all enrichment
groups at the time of manipulations, particularly from the onset
of randomization through the completion of surgery. Therefore,
although no enrichment device was effective at reducing fighting
among the mice during this period, much was revealed about
aggression. The data demonstrate that stressors placed on each
group of male mice resulted in increased fight wounds, which
indicates increased aggression. Both wound rates and new wound
rates increased after various stressors, whether environmental in
the form of a cage change early in the study, physical in the form
of a research manipulation, or social in the form of randomization.

In particular, randomization of the mice on day 20 was a key
feature of this study. After randomization, established hierar-
chies within a cage were disrupted or destroyed, resulting in
the need to reestablish roles. Aggression is necessary for the
development of stable dominance hierarchies. However, the
aggression that occurs during the shifting of social roles in the
development of a group’s social hierarchy is a significant source
of negative stress; moreover, stress has been shown to further
increase territorial aggression.® Stressors and aggression may
influence each other, resulting in a self-reinforcing feedback
loop that can be demonstrated through elevated physiologic
stress indicators.20

Another interesting finding in our study was that by day 50,
both wound rates and new wound rates across all enrichment
groups declined to levels less than those observed at any time
between days 1 and 49 and below the baseline level (days 1 to
20). This finding implies that stabilization of social hierarchy
may take as long as 30 d to resolve after a significant shift in
group composition. There were several possible reasons for
this decline.

The initial decline, which occurred after surgical manipula-
tion, was likely due to a reduction in activity while the mice
received analgesics and as they advanced through the process
of healing.%® The continued declines in both fight wound rates
and new wound rates may have been due to the successful
reestablishment of stable dominance hierarchies.

Prior to randomization, we were able to assess the effects of
enrichment on male mice that were familiar with each other and
that existed in stable, established dominance hierarchies. After
randomization, we were able to assess the effects of enrichment
on male mice housed with unfamiliar males. Essentially, at the
point of randomization, we were able to remove the potentially
confounding factor of assessing animals that were familiar
with each other; thus, it allowed us to focus on the more typi-
cal research situation in which unfamiliar animals are housed
together and which is a key cause of aggressive behaviors.

From this experimental design, we can infer that randomiza-
tion likely resulted in increased fighting due to the disruption
of existing dominance hierarchies. Reduction in fight wounds
after randomization therefore reflects the reestablishment of a
dominant male and subordinates and renewed social stability.
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Table 2. Proportion of mouse—days with new wounds by type of enrichment

Enrichment effects on aggression in mice

No. of mouse-days with new wounds / total

no. of mouse-days

Cotton squares (control) 89 / 835
Nylon bones 89 /948
Mouse house and wheel 140 / 1480
Paper rolls 69 / 862
Shredded paper 75/ 674

Proportion (95% CI) Pairwise P?
0.107 (0.086-0.128) —
0.094 (0.075-0.112) 0.372
0.095 (0.080-0.110) 0.353
0.080 (0.062-0.098) 0.060
0.111 (0.088-0.135) 0.771

The number of mouse-days was defined as the sum of the follow-up days for all mice in a group.

aFrom 2 test for association. Overall P = 0.2412.

Therefore, if randomization is required as part of the study
design in studies that may be affected by high levels of manipu-
lation, such as immunologic studies, it may be advisable to delay
any manipulations or data collection until 30 d after randomiza-
tion. As demonstrated in this study, the stress associated with
the shift in social hierarchy likely will have subsided by this
point, thus eliminating it as a potentially confounding factor.

In conclusion, fight wound trends between the 5 enrich-
ment groups were consistent with a similar pattern of rise and
fall in fight wound rates and new wound rates over time that
occurred regardless of the enrichment device used. Changes
in wound rate were correlated with events of negative stress
and were minimally influenced by enrichment devices. The
proportions of mouse-days with new wounds did not differ
among the enrichment groups or between the mice given cotton
squares (controls) and other enrichment groups. On the basis
of these results, we believe that cotton squares are as effective
as any other standard enrichment device. Despite the lack of
statistically significant differences among the 5 environmental
enrichment devices, many valuable observations emerged in re-
gard to mouse behavior after randomization and manipulation.
Finally, we found that use of the various enrichment devices
had no effect on study outcomes, including tumor development,
progression and incidence.”?

Although the current study was performed concurrently with
another study involving animal manipulations, and therefore
afforded the gathering of data relevant to the day-to-day use
of animals in research, there were limitations to this approach.
First are the inherent introduction of variables to an enrichment
study that arises from another involving manipulations. In ad-
dition, because handling of the mice was limited, observations
of fight wounds were the main source of data collection, and
as such were somewhat restricted in scope.

Ultimately, it is in the best interest of the research commu-
nity to seek out ways to attenuate aggressive behavior among
unfamiliar mice to improve animal wellbeing and research
outcomes. Further research may be needed to clarify the effect
of randomization on studies that may be affected by high stress
levels, such as those involving the immune system. In addition,
more study is needed to understand the effect of randomization
on the social structure of mice. Additional study of the influence
of mouse age on fighting in response to randomization and en-
richment is also warranted. Moreover, improved knowledge of
the time required for renewal of dominance hierarchies in mice,
and among different strains, is required. Finally, future studies
using a housing density of less than 3 male mice per cage may
be needed to determine the efficacy of environmental enrich-
ment devices in mitigating unfamiliar intermale aggression.
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