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Effect of Environmental Enrichment on
Aggression in BALB/cJ and BALB/cBy]J Mice
Monitored by Using an Automated System

Jareca M Giles," Julia W Whitaker,! Sheryl S Moy, and Craig A Fletcher!

Aggression among mice remains a common undesirable problem in laboratory settings, and animal welfare and
scientific outcomes may become compromised depending on the severity of aggression. This study evaluated the effect
of cage enrichment comprising a bilevel, mounted “mezzanine’ compared with a cotton square or shelter on intracage
male aggression over a 6-wk period. Our first study involved home-cage behavioral challenges to male mice from a high-
aggression substrain (BALB/cJ) and low-aggression substrain (BALB/cBy]). Aggressive interactions and locomotor activity
were scored manually and then compared with measures of activity obtained by using a continuous automated home-cage
monitoring system, the Digital Ventilated Caging (DVC) system. BALB/cJ mice exhibited similar levels of aggression across
housing conditions, whereas BALB/cBy] mice had lower aggression when housed with a mezzanine. In the second study,
videorecordings and continuous DVC automated measures were collected over 24 h and divided into 12-h light and dark phases.
BALB/cBy] mice—but not BALB/cJ—mice had increased aggressive behaviors during the dark phase. However, the DVC
detected higher activity levels during the dark phase, compared with the light phase, in both substrains. Elevated activity levels
recorded by the DVC correlated with fighting bouts and high levels of locomotion. These results show that a bilevel structural
form of enrichment reduces aggression, depending on the BALB/c substrain, and confirms higher aggression levels in the
BALB/c] substrain. In addition, our findings provide evidence that the DVC is effective in identifying mouse cages with pat-
terns of high activity levels, signaling possible aggression incidences, thus potentially allowing for early intervention and

consequently improving animal welfare.
Abbreviation: DVC, digital ventilated caging system
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Mice are the most commonly used laboratory animal spe-
cies in research.>?? In their natural habitat, a social patriarchal
hierarchy is established in which the dominant male mouse
defends its territory by scent marking, while other males become
subordinates or escapees.'>!430 The ability of mice to escape or
become submissive in aggressive interactions makes incidences
of severe injury and deaths rare.'* However, in laboratory set-
tings, intermale aggression is an important animal welfare and
experimental concern. When mice are unable to escape within
their home cage, increased amounts of aggression can occur,
some of which may result in severe wounds and even mortality.

Aggression is a behavior commonly observed among group-
housed male laboratory mice and is defined as a violent or
defensive behavior directed toward another conspecific. These
agonistic behaviors consist of biting, chasing, pinning, threaten-
ing postures, and fighting and may lead to fight wounds that
require medical treatment, separation leading to single housing,
and even euthanasia in severe cases.'*% In general, aggression
is demonstrated predominantly among males, although breed-
ing females display postpartum maternal aggression when
protecting their litters from intruders. In addition, the effects
of aggression can lead to altered experimental data, such as

Received: 27 Sept 2017. Revision requested: 31 Oct 2017. Accepted: 06 Dec 2017.
Division of Comparative Medicine and *Carolina Institute for Developmental Dis-
abilities and Department of Psychiatry, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina

“Corresponding author. Email: jareca@email.unc.edu

increased corticosterone levels, decreased immune responses,
and premature experimental endpoints.”?? In turn, the principle
of animal reduction is compromised by the need to test addi-
tional subjects due to unanticipated losses.'3418 Furthermore,
some strains, such as SJL and FVB mice, are characterized by
particularly high levels of aggression; due to these undesirable
traits, investigators may be inclined to select female mice or
other, more compatible strains for research experimentation to
avoid issues associated with aggression.!!4

Efforts to reduce aggression in group-housed male mice in-
clude transferring cotton squares during routine cage changes,
decreasing housing density to 3 mice per cage,*® and cohousing
littermates or familiar conspecifics.>!*1728 Similarly, various
types of environmental enrichment items have been evaluated
to mitigate agonistic interactions, including shelters, wheels,
and toys.'2?%?” Even though cotton squares have positive effects
on decreasing intermale aggression, their efficacy may diminish
as a long-lasting form of enrichment.'® In addition, providing
environment enhancements, such as shelters, may lower the
incidence of aggression,® but they have also been shown to
augment these behaviors.!” Overall, the cited studies present
conflicting evidence of whether particular practices or forms of
environmental enrichment are effective in reducing aggression.

Common husbandry and experimental practices, such as cage
changing and extracting animals from the home cage for proce-
dures, affect physiologic responses.'>?? Although cage changes
are an essential component of maintaining animal wellbeing,

236



removing pheromones creates a stressful environment, provok-
ing the reestablishment of a social hierarchy, demonstrated as
attacks that occur only minutes after exposure to a clean cage.
Although transferring bedding material into clean cages has
been shown to mitigate aggression, other studies have shown
that transferring mice into completely clean cages lessened the
number of agonistic behaviors.>!>?? In addition, some labora-
tory procedures, such as behavioral tests, involve temporarily
removing and then returning test subjects to their home cage,>!!
a practice that can invoke an agonistic reestablishment of social
dominance. Few studies have monitored aggressive behaviors
specifically within the home cage after the reintroduction of a
resident or familiar cage mate.*

In the current study, we assessed the effect of housing condi-
tions on aggression by using a bilevel mezzanine, compared
with a cotton square or mouse hut, as enrichment. As noted in
the Guide for the Care and Use of Laboratory Animals,8 an elevated
platform provides opportunities for mice to display species-
specific behaviors, such as exploring, climbing, and locomotion.
In addition, a mezzanine contributes to floor space, protects mice
from flooded cages due to malfunctioning water reservoirs, and
serves as a form of shelter. Elevated nonmobile forms have been
evaluated for reducing anxiety behaviors in mice at various time
poin’(s;19 however, the use of bilevel structures within the home
cage has not been evaluated as a means to decrease aggression.

To assess the effect of various enrichment items on aggres-
sion, an automated home cage monitoring system using digital
ventilated cages (DVC) was used. The DVC system enables
researchers to record data, such as animal activity, while home
cages are positioned on a conventional rack where mice spend
a majority of their experimental life. With its ability to con-
tinuously gather comprehensive cage activity and compare
levels to previous days, the DVC system might provide a new
method to detect subtle shifts in activity, such as debilitated or
immobile mice. It is possible the DVC system could enhance
efficient monitoring of animal welfare and behavioral changes
with minimal disruption to day-to-day activity.

The inbred murine strain BALB/c is frequently chosen
for research experiments in a variety of research disciplines,
including cardiology, immunology, oncology, and neurobi-
ology.”162134 However, this common strain is particularly
aggressive, although the level of hostility toward conspecifics
varies among substrains.'*%? To evaluate whether housing
condition influenced agonistic interactions, we compared
the high-aggression BALB/cJ substrain with BALB/cBy], a
low-aggression substrain. Male mice from each strain were
housed with either a nonmobile elevated homecage platform
(or ‘mezzanine’), a cotton square, or a shelter. Mice were then
evaluated in 2 types of behavioral challenge tests that reflected
husbandry and laboratory practices known to instigate agonistic
behaviors: placement in a clean cage and separation and rein-
troduction of a cagemate. We hypothesized that the mezzanine
would decrease aggression between 2 BALB/c substrains. In
addition, we hypothesized that the DVC system would detect
increased animal activity that would correlate with observations
of intermale aggression.

Materials and Methods
Animals. All research was approved by the IACUC of the
University of North Carolina at Chapel Hill, an AAALAC-
accredited institution. Subjects were male BALB/cJ (n =90) and
BALB/cBy] (1 = 90) mice (age, 3 wk at arrival; Jackson Labora-
tories, Bar Harbor, ME) housed according to recommendations
in the Guide.® Mice arrived in 2 cohort groups (n = 45 mice per
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substrain per cohort group) separated by 3 wk, due to limited
space on the DVC housing rack. The disease status of sentinels
housed within the housing room was screened quarterly, and all
animals tested negative for common murine pathogens detected
by serology and parasitology: epizootic diarrhea of infant mice,
Theiler murine encephalomyelitis virus and the GDVII strain of
Theiler murine encephalomyelitis virus, mouse hepatitis virus,
Mycoplasma pulmonis, mouse parvoviruses, minute virus of mice,
mouse cytomegalovirus, mouse adenovirus 1 and 2, polyoma
virus, pneumonia virus, cilia-associated respiratory bacillus,
and external and internal parasites.

Mice were observed by husbandry staff daily, and study
investigators weighed each mouse once each week. In addition
to the routine daily visual health checks, mice were inspected
thoroughly for gross lesions characteristic of fight wounds or
any other irregularities during the weighing sessions. After
weights were recorded, the mouse was returned to its original
home cage. Animals were treated with antibiotics and NSAID
for moderate wounds or euthanized when they exhibited severe
signs of injury or distress.

Husbandry. On arrival, mice from each substrain were ran-
domly allocated and housed 3 per cage in IVC (77.66 in?, model
GMb500 SealSafe, Tecniplast, Buguggiate, Italy) on irradiated
1/4-in. bedding (Bed-o-Cobs, Anderson, Maumee, OH). Ani-
mals had unrestricted access to irradiated feed (Teklad 2919,
Envigo, Indianapolis, IN) and bottled reverse-osmosis—puri-
fied, chlorinated water. Environmental conditions in the animal
housing rooms consisted of a 12:12-h light:dark photoperiod,
temperature of 70 to 72 °F (21.1 to 22.2 °C), and relative humid-
ity of 30% to 70%.

Every other week, mice were placed in clean, ventilated
cages. The cages were sanitized, washed, and rinsed with 180
°F water prior to stocking them with clean bedding and fresh
food and water. Subsequently, mice were either given a new
cotton square or a clean, sanitized structural item (described
later) according to their assigned enrichment condition. Each
cage of mice was exposed to the same type of enrichment item
throughout the entire study. After changing, cages were inserted
into observation spots for direct visual monitoring of aggressive
behaviors for 10 min, after which the cages were placed back in
their assigned area on the DVC rack.

Enrichment. Each cage was given 1 of 3 enrichment items: 1)
a cotton square (Ancare, Bellmore, NY) used for nesting mate-
rial; 2) a shelter (Mouse Hut, Bio-Serv, Flemington, NJ); or 3) a
mezzanine (0.26 ft?, Tecniplast), an autoclavable, polysulfone
ledge mounted from the wire bar that provided an additional
level or extra floor space (Figure 1). Both structural forms of
enrichment provided both entrance and exit points. Ten cages
containing each enrichment type were used for each BALB/c
substrain, totaling 30 mice from each substrain per enrichment
condition. To reflect most institutional standard housing con-
ditions, which require at least one type of enrichment item in
mouse cages unless scientifically justified for exemption, we
refrained from including a group free of enrichment.

Behavioral challenge testing. After 1 wk of acclimation to the
new housing conditions, mice were evaluated in 2 challenge
tests for aggressive interactions: placement in a completely clean
cage without transfer of cotton square material, and removal
and reintroduction of a cagemate. Visual observations were
obtained after each cage change, starting when mice were 4 wk
old, with 2 wk between clean cage tests. On alternate weeks, a
modified resident-intruder behavioral test was used to measure
offensive and defensive aggression in a removal and reintroduc-
tion test. One mouse was removed from each cage and held in
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Figure 1. Environmental housing conditions for BALB/cJ and BALB/
cBy] mice. Examples of cages with (A) cotton square, (B) shelter, and
(C) bilevel mezzanine with staircase.

a clean well-ventilated box for 5 min. Mice were identified by
ear notching (that is, left, right, or no notch), so that a different
subject was removed from the cage for each round of testing.
This intruder mouse was then returned to the same home
cage, and behaviors were manually recorded for 1-min periods
across 10 min. Each aggressive encounter (tail bite, chasing, or
fighting) was recorded and scored in 15-s intervals (4 intervals
per minute), with scores ranging from 0 (no observations of
aggression) to 4 (aggression occurring in each 15-s bin across 1
min). Tail bites were defined as a single mouse using its mouth
and gripping the tail of a cagemate. Chasing consisted of cage-
mates aggressively pursuing one another, and a fighting bite
was characterized by any of combination of wrestling, kicking,
and rolling. Additional noted behaviors included sleeping and
locomotion (taking 2 or more steps), and unusual behaviors such
as stereotypies and vocalization. Each behavioral challenge was
performed on alternating weeks for a total of 6 wk, 3 rounds
per behavioral test (Figure 2). The observer was blinded to each
mouse substrain during the duration of the experiment.

DVC system. Retrofitted standard IVC mouse cages were
assigned and placed above touchless individual digital base

plates connected to a conventional animal rack. The DVC board
is composed of 12 electrodes evenly positioned underneath the
cage. Activity was measured by each electrode and tracked over
time, with the average activity collected from all electrodes. The
DVC can provide information from activity collected as often as
4 times per second. However, for the analysis of activity in this
experiment, an average activity was calculated during 1-min
intervals. Therefore, the basic DVC activity metric measures
an average of the activity in both space (over 12 locations in
the cage) and time (in this study, 1 min). To correlate the DVC
system’s ability to detect increased activity congruent with
aggressive behaviors, each cage was placed into one of 3 des-
ignated observation spots on the rack for behavioral coding
located within the animal housing room. These allocated slots
allowed sulfficient visibility of the full length of the cages impor-
tant for the observational measures of behavior. DVC measures
were collected when cages were inserted into observation spots
for 10 min or in specific locations to match 24-h video recordings.

A subset of 18 cages (3 cages per each of the 3 enrichment
types for each of the 2 substrains) was videotaped for 24 h to
investigate the DVC’s ability to detect increased activity cor-
responding to observed aggression. Two-minute video records
were taken of each cage for each hour across the 24-h period and
analyzed by using Noldus Observer software (Leesburg, VA).
The frequencies and durations of aggression (tail bites, fighting
bouts, chasing), sleeping, locomotion and any other unusual
behaviors were recorded to determine whether increased spikes
in the automated DVC measures of activity corresponded with
aggression or other behaviors.

Statistical analysis. All graphs were prepared and statistical
analysis was performed by using Statview (SAS, Cary, NC) or
Prism 7.0 (GraphPad Software, La Jolla, CA). Except for body
weight, each cage was evaluated as the unit of analysis for
statistical comparison. Weight data were analyzed by using
repeated-measures ANOVA, with factors of strain, enrich-
ment condition, and week of testing. Data from the behavioral
challenge tests were first analyzed by using 2-way or repeated-
measures ANOVA, with the factors of substrain and housing
condition. Recordings from the 24-h period were analyzed by
using repeated-measures ANOVA, with the factors substrain
and phase of the photoperiod. Fisher protected least-significant
difference tests were used for comparing group means only
when a significant F value was determined. A linear correla-
tional test or paired ¢ tests were used to compare scores from
the human observer with scores from the automated DVC sys-
tem. In addition, f tests were performed to ensure consistency
in scoring across 2 observers for video data collection. For all
comparisons, significance was set at a P value of < 0.05.

Results

Effect of housing condition on weight gain in BALB/cJ or BALB/
cBy]J substrains. Mice were weighed each week of the study to
determine whether housing conditions affected the weights of
substrains over time (Figure 3). Repeated-measures ANOVA
indicated a significant strainxweek interaction (F,,,, = 6.04, P
< 0.0001) but no effects of housing condition. Posthoc analyses
revealed that BALB/cJ mice weighed more overall than BALB/
cBy] during the first weeks of the study, but these differences
were no longer present by the last weeks.

Effect of housing condition and substrain on aggressive
behavior. Mice were evaluated by direct, cageside visual obser-
vations for aggressive activity in 2 assays for provoking social
interaction: placement into a clean cage and the removal and
reintroduction of one mouse. Mice underwent a total of 3 tests
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Figure 3. Body weights across study. BALB/cJ and BALB/cBy] substrains housed with a (A) cotton square, (B) shelter, and (C) bilevel mezzanine
were weighed weekly. Data are provided as mean = SEM (1 = 90 mice per strain). *, P < 0.05.

for each assay, one test per week across 6 wk. Because of the
low occurrence of active aggression, data were summed across
all 3 tests for each type of challenge assay. For the clean cage
condition, the overall levels (mean + SEM) of agonistic responses
determined by direct visual observation after cage change were
markedly low among both substrains (BALB/cJ, 1.17 £ 0.36;
BALB/cBy]J, 0.27 £ 0.12 bouts per minute). However, 2-way
ANOVA indicated a significant main effect of strain (FL2 =5.83,
P =0.0192), without main effects or interactions with the factor
housing condition. Posthoc analyses revealed that the BALB/
cJ strain had significantly more aggressive encounters than
BALB/cBy] after placement in a clean cage (Fisher protected
least-significant difference test, P = 0.0204).

High levels of aggressive interactions occurred during the
removal-and-reintroduction test (Figure 4). Two-way ANOVA
revealed a highly significant strain x housing condition interac-
tion (F2,54 = 6.29, P = 0.0035). Further analyses indicated that,
in the BALB/cJ mice, enrichment did not have any effects on
the amount of aggression. However, in the BALB/cBy]J strain,
mice housed with a mezzanine had significantly (P < 0.05) less
fighting than both the cotton square and shelter groups.

At 1 wk before the study concluded, one cage of BALB/cJ
mice was euthanized due to severe wounds despite medical
treatment; this cage of mice was the only one that required
medical treatment. In addition, one mouse within another cage
was found dead during the third week, with the cause of death
indeterminate.

Effect of substrain on aggression and activity during different
light levels. Levels of homecage aggression, sleep, and loco-
motor activity were measured across a 24-h period by using
video recording in a subset of cages containing either BALB/
cJ or BALB/cBy]J mice. Two-minute video records of each cage
were taken at hourly time points, resulting in 12 measures per
phase of the photoperiod (either light or dark). Because of the
generally low incidence of active aggression, data across the 12
measures were summed for each phase.

Mouse substrain did not significantly affect the time spent
in aggressive encounters (FL16 = 3.84, P = 0.0678; Figure 5 A),
although BALB/cBy] mice appeared to have higher levels of
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Figure 4. Strain-specific effects of enrichment on aggression. Mice
underwent a removal test and reintroduction test and the resulting
aggressive interactions were measured by manual live recordings.
Data are means (+ SEM) of summed measures across 3 tests, with 2 wk
between each test. n = 10 cages per strain for each housing condition.
*, P <0.05.

aggressive behavior in the dark phase of the lighting cycle com-
pared with the light phase. The phase of the lighting cycle had
an overall significant effect on bouts, or episodes, of aggressive
interaction (Fm ¢ =5.92, P=0.027 [repeated-measures ANOVA];
Figure 5 B), with the number of aggressive episodes increased
during the dark phase. Within-strain comparisons indicated
the effect of phase very closely approached significance in the
BALB/cBy] mice (F, , = 5.26, P = 0.0509) but not BALB/c] (F,
= 0.85, P = 0.3842). As shown in Figure 5 C, BALB/cBy] mice
spent significantly more time sleeping during the light phase
compared with the dark phase (F1,1 ;= 8.04, P =0.012), whereas
sleep in BALB/cJ mice was similar across the 2 phases (F
4.32, P =0.0542).

Significant effects of both strain (F
phase (F

116 —

=529, P = 0.0353) and

116 =705, P= 0.0173) were ‘found for time spent in
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Figure 5. Strain-dependent circadian rhythmicity for sleep time and locomotor activity. Mice were evaluated for (A) duration of aggression, (B)
no. of aggressive episodes, (C) duration of sleep, (D) duration of locomotion, and (E) no. of locomotor episodes by using videorecording during
the light (gray bars) and dark (black bars) phases of the photoperiod. Data are shown as mean + SEM (1 = 9 cages per strain) of summed meas-

ures across 12 time points per phase. *, P < 0.05; #, P = 0.0509.

active locomotion (Figure 5 D). In particular, BALB/cBy] mice
had higher levels of activity in the dark phase compared with
the light phase; in contrast, BALB/cJ showed no circadian pat-
terns in activity. A similar pattern was observed for bouts of
locomotor activity, with significant effects of both strain (F,
=4.56, P = 0.0486) and phase (F, = 4.73, P = 0.045; Figure 5
E). During the light phase, BALB/cJ mice had more locomotor
episodes than BALB/cBy] mice.

DVC activity levels in BALB/c] or BALB/cBy]J substrains during
24-h recordings. We next used the novel automated DVC system
to examine activity levels of BALB/cJ] and BALB/cBy]J mice in
their home cages. As shown in Figure 6 A, both BALB/cJ and
BALB/cBy]J mice had more activity during the dark phase com-
pared with the light phase (paired ¢ tests after repeated-measures
ANOVA, F]'17 =15.76, P = 0.001). Examination of average DVC
activity across the 24-h period confirmed the clear differences
between light- and dark-phase activity (Figure 6 B). In addition,
the automated system revealed a striking strain-associated dif-
ference, with BALB/cJ mice having higher activity than BALB/
cBy]J across the first 7 h of the dark phase (posthoc comparisons
after repeated-measures ANOVA; main effect of strain, F” 6 =
10.71, P = 0.0048; strainxhour interaction, F =249, P=0.0002).

23,368

Comparison of intracage aggression and locomotion with DVC
activity scores. Because we saw higher aggression scores more
frequently after the removal-and-reintroduction test than the
cage change challenge, we retrospectively examined whether
the automated DVC activity scores correlated with the severity
of aggression according to a 4-point aggression scoring system
during 3 rounds of 10-min observations. A correlational analysis
was conducted between the coded observations of aggressive
interactions per minute and the corresponding DVC activity
measures (Figure 7). The resulting value for R (0.101) was not
significant, indicating that DVC activity did not correlate with
severity of aggression.

To investigate whether the DVC activity measures differ-
entiated between the 2 forms of high activity, measurements
recorded by the DVC system were matched with fighting
episodes observed during 10-min direct visual observations
among BALB/cJ] mice. In the same manner, DVC activity meas-
urements were matched with cages containing BALB/cJ mice
that did not display aggressive interactions at any point during
10-min observations but instead demonstrated high amounts of
locomotion. Analysis of the scores revealed that DVC activity
measures were very similar for the intervals with aggression

240



1.51@ Light Phase 0.12-

I Dark Phase

1.21 0.09

o
©

0.06+

Activity
o
e

Activity

0.03+

o
w

0.00

Enrichment, BALB/c substrains, and an automated monitoring system

-2 BALB/cJ
- BALB/cByJ

Light Phase

*

Dark Phase

o
o

BALB/cJ BALB/cByJ

0246 8

10 12 14 16 18 20 22 24
Time (h)

Figure 6. DVC activity levels of BALB/cJ] and BALB/cBy] during the light and dark phases. (A) Mice were evaluated for activity by DVC dur-
ing the light (gray bars) and dark (black bars) phases of the photoperiod. (B) DVC activity of BALB/cJ] and BALB/cBy] mice was scored at each
hour over 24 h. Data are shown as mean + SEM (1 = 9 cages per strain) of average DVC activity scores across 12 time points per phase. *, P < 0.05.

A

0.3-
°
°
"? 0.2
S 027 eq o o
0 ° °
< Q ..... ¢ )
&) pig oo
B 0.1- ..O °
°
° Soce® .03 d °
0.0l2pe
. ' 1 1 | | | |
0 1 2 3 4

Aggression Score

B

0.3+
[ ]
£ .
:; 0.2+ oo
A
(&) ®
0.1+
: X
e *
S
0.0 ¢ . 8 T T T
0 1 2 3 4

Aggression Score

Figure 7. Scatter plots for DVC activity levels across aggression scores in the removal-and-reintroduction assay. Data were combined for three
10-min tests, with 2 wk between tests. Aggression was manually scored for 1-min periods across each 10-min test, with scores ranging from 0
(no observations of aggression) to 4 (aggression during each 15-s bin across 1 min).

and locomotion (aggression, 0.32 +0.02; locomotion, 0.31 +0.01;
t,,=0.299, P =0.7677 [paired t test]).

Discussion

Intermale aggression remains an issue in laboratory settings
and affects animal welfare. In this study, we evaluated 3 forms of
environmental enrichment as ways to mitigate these unwanted
behaviors in mice. According to the Guide,® environmental
enrichment should be designed to encourage species-specific
behaviors and create an intracage atmosphere conducive for
coping with secondary stressors, such as routine husbandry and
experimental procedures.?? We chose specific behavioral tests
that reflected laboratory activities known to provoke aggres-
sion. Cage changing and removal-and-reintroduction testing
were conducted to assess the effect of housing condition on
aggression in each substrain. Enrichment items included cotton
squares (a source of nesting material), which provide heat sup-
port to aid in thermoregulation and decrease cold stress,'? and
a shelter to enable animals to hide during external disruptions.

These items were tested in comparison to a bilevel, nonmobile
mezzanine, which provides additional floor space, permitting
species-specific behaviors including locomotion and explora-
tion and providing a possible area for escape when aggression
occurs.

Regardless of the type of environmental enrichment, after
cage changing, which completely removes pheromones in scent-
marked areas and creates a disturbance in male dominance,
BALB/c] mice demonstrated higher levels of aggressive interac-
tions than BALB/cBy] mice. Although fighting bouts were seen
only infrequently after cage changing, these behaviors might
have continued beyond the 10-min period of visual record-
ing, as reported in a previous study.® In the present study, we
observed a minimal influence of cage cleaning on aggressive
interactions.51525

Interestingly, high levels of aggressive interactions occurred
after the removal-and-reintroduction test. In a laboratory set-
ting, extracting a single mouse for experimental purposes might
interrupt conformity between submissive and dominant mice,

241



Vol 57, No 3
Journal of the American Association for Laboratory Animal Science
May 2018

even though scent-marking and other aspects of the primary
enclosure remain undisturbed. Although the housing conditions
were ineffective at mitigating aggression among BALB/cJ mice,
the BALB/cBy] substrain showed significantly less aggressive
behaviors after the removal-and-reintroduction test when
housed with the mezzanine compared with the cotton square
or shelter. Future studies evaluating the use of mezzanines
compared with cotton squares and shelters and their effects on
social ranking may reveal whether the mezzanine was used
territorially or as a refuge to escape.

To evaluate intracage aggression within a 24-h time period,
videorecordings were scored for 2 min of each hour within a
subset of cages. Scoring specifically consisted of the duration
and quantity of aggression, locomotion, sleeping, and any unu-
sual activity, such as stereotypies. Because mice are a naturally
nocturnal species, activity scores increased during the dark
cycle. Although BALB/cBy] mice slept more during the light
phase and displayed locomotion in the dark phase, BALB/cJ
mice showed varying amounts of daily activity regardless of
light or dark phase. These findings are in line with a previous
report indicating that BALB/c mice have highly variable pat-
terns of circadian activity.?*

The present study confirmed the ability of the DVC system
to detect significant differences in activity during both the
light and dark phases in both the BALB/c] and BALB/cBy]
substrains. Some forms of activity, such as grooming or single
steps, were not recorded during video observations. However,
these movements were likely incorporated in the DVC activity
measurements.

We compared visual observations of aggression with DVC
activity measurements. Because aggression was observed
infrequently after cage changes, we analyzed recorded scores
from the removal-and-reintroduction test. Correlation was
nonsignificant, perhaps because more severe aggression (3
or 4 fighting bouts within 1 min) was observed only rarely in
both substrains. Our comparison between the results of video
scoring and the automated activity measures showed that the
DVC system did not differentiate between aggression and high
levels of locomotion. Although the DVC recorded the overall
animal activity within a cage, animals must be in direct contact
with bedding on the cage floor for the DVC system to detect
movement. In line with this limitation, animals housed with
the second-floor mezzanine rather than the cotton square or
shelter had lower overall activity level recordings from the DVC
system. Furthermore, automated continuous scoring systems
are commonly used to assess the frequency and duration of
specific behaviors.!>? Future studies may incorporate manual
zero-one scoring for video analysis of the rapid and infrequent
behaviors associated with aggression to further compare with
data from direct visual observations using the DVC.

During the 10-min observations, we were able to determine
that fighting bouts and cages with high amounts of locomotion
led to elevated—yet indistinguishable—levels of activity accord-
ing to the DVC. These high levels of locomotion predominantly
occurred immediately after challenge testing and at the initiation
of behavioral recordings. More severe forms of aggression might
have been recorded with longer direct visual observations, to
establish a pattern different from cages displaying high locomo-
tion. Furthermore, the time intervals for DVC activity in this
study were set to 1 min, meaning that all activity events were
averaged across a time interval of 1 min. It is possible that very
brief aggressive behaviors went undetected due to the averag-
ing of activity over time. Future investigations using the DVC
might explore whether reducing the time intervals for DVC

activity averaging might help in identifying brief aggressive
behaviors. Overall, further examination of the DVC’s ability to
detect an aggressive pattern is necessary, due to the infrequent
occurrence of fighting bouts.

Body weight and health were assessed on a weekly basis in
addition to standard daily examinations. Weights were used as
a relatively noninvasive, benign marker to assess overall stress
(occurring as weight loss and decreased feed intake). Mice were
received and weighed starting at 3 wk of age, and BALB/c]
mice weighed more than BALB/cBy]J mice at 5 wk. Although
body weights continued to steadily increase with age regard-
less of substrain or enrichment item, indirectly indicating that
stress levels were acceptable, physiologic parameters such as
corticosterone would have been a more direct measure of stress
levels. Furthermore, these findings indicate that any differences
between substrains in aggression or activity level were not at-
tributable to overt differences in body size. Only one cage, which
contained BALB/c] mice in the shelter enrichment group, was
removed from the study due to wounds, most likely from fight-
ing, refractive to medical treatment. It is notable this particular
cage showed no inconsistencies in weight gain leading up to
its endpoint; therefore, it appears the fighting or stressful event
was more of an acute event rather than a chronic one.

In conclusion, this study demonstrated different effects of
a bilevel form of enrichment between 2 substrains of mice.
Introducing the mezzanine reduced aggression after a removal-
and-reintroduction challenge in the more docile substrain that
we tested. However, alternative forms of enrichment may be
necessary to mitigate antagonistic behaviors among aggressive
substrains. Furthermore, the DVC system may serve as a mul-
tipurpose research and clinical tool by enabling assessment of
generalized cage activity over time and identifying ‘high-activi-
ty’ cages for further evaluation for evidence of aggression, thus
supporting early intervention and benefitting animal welfare.
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