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High-throughput and reproducible phenotypic analysis 
of laboratory animals is an area of rapidly growing priority, 
especially with the explosive growth in functional genomics, 
preclinical evaluation, and drug discovery research.10 The effects 
of sex, age, genetic background, and environmental enrichment 
are well-studied and carefully considered in the study design 
process, but routine laboratory and husbandry procedures are 
only beginning to receive attention.7,13 Although considered 
incidental in nature, these procedures may inadvertently and 
profoundly affect experimental outcomes.7,13,27,28

Numerous laboratory and husbandry procedures—including 
handling, cage movement and cleaning, injections, blood collec-
tion, animal identification, and personnel entry into the housing 
room—produce a multitude of effects on animal behavior and 
physiology. These effects include changes in activity patterns, 
stress and anxiety levels, heart rate, blood pressure, and body 
temperature.2,7,13,27,28 Current methods to monitor responses, 
such as behavioral tests (for example, assessments of explora-
tory behavior, anxiety, stress), telemetry, and blood or tissue 
collection, may be invasive and as such further alter behavior.4,6 
Limitations in current monitoring methods result in studies that 
are commonly cross-sectional and often restricted to a single age, 
sex, and strain or are statistically underpowered (for example, 
small sample size). In addition, the cross-sectional nature of 

current methods may constrain concrete recommendations for 
experimental design, including timelines for ample habituation 
and postprocedural recovery. Ideally, continuous monitoring 
of behavior and physiology in the home cage would allow the 
assessment of both acute and long-term effects. The ability to 
gather longitudinal data on a large sample population of animals 
would allow researchers to explore how these environmental 
manipulations interact with age and genetics and to understand 
the magnitude and duration of procedure-related effects.

We hypothesized that the sensitivity and resolution of 
continuous monitoring of animal behavior and physiology 
would provide high-throughput, longitudinal, and physi-
ologically relevant insights into how animals respond to 
routine laboratory and husbandry procedures. These insights 
can be used to develop concrete decisions around experiment 
design, including incorporating appropriate postprocedural 
recovery times, as well as to understand how other experi-
mental variables (for example, subject strain, sex, age) affects 
responses. Using a continuous monitoring platform and its 
automated assessment of motion and breathing rate which 
were developed inhouse,24 we performed retrospective data 
analyses on several independent mouse studies to investigate 
the effects of 2 routine procedures, animal identification and 
cage changing. Because the repercussions of these procedures 
on study outcomes are rarely discussed, we provide, as a case 
study, an example of how the timing of cage changing inad-
vertently affected experimental outcomes in a rodent model 
of multiple sclerosis.
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Materials and Methods
Our studies can be divided into the following parts: 1, re-

producibility studies regarding tail tattooing, ear tagging, and 
cage changing; 2, strain and sex study; 3, longitudinal study; 4 
early and late cage-change study; and 5, case study of the cu-
prizone mouse model of multiple sclerosis. All procedures were 
performed during the light cycle (0600 to 1800 PDT). Experi-
ments were conducted in Vium’s AAALAC-accredited Digital 
Vivarium in accordance with the current National Research 
Council Guide for the Care and Use of Laboratory Animals17 and 
were IACUC-approved.

Animals and housing. On arrival, all animals were maintained 
in SPF facilities and housed in instrumented IVC (Digital Smart 
House, Vium, San Mateo, CA, and Innovive, San Diego, CA) 
containing corncob bedding. Animals had unrestricted access 
to food (Pico Rodent Diet 5053, Lab Diet, St Louis, MO) and 
acidified, sterile water (Innovive). Depending on the type of 
study, mice were either group- or pair-housed or single-housed. 
When group- or pair-housed, male and female mice were kept 
separated. Single-housing was performed to gather the most 
accurate motion and breathing rate data because the sensors 
on the Vium Digital Platform are not currently optimized to 
distinguish multiple animals in the same cage. Environmental 
enrichment, including running wheels, ladders, domes, cotton 
squares (Ancare, Bellmore, NY), and foraging mixes (Veggie 
Relish, LabDiet), was provided to each cage.

All of the analyses described herein were performed retro-
spectively on available data sets from completed mouse studies. 
As much as possible, mice of similar sex, age, and housing condi-
tion were compared directly, but conditions across experiments 
could not be controlled due to the retrospective nature of the 
analysis method (for example, type of equipment; enrichment 
or nesting materials used; animal handlers; number of animals 
in cage; cage size).

Part 1: reproducibility studies of tail tattooing, ear tagging, 
and cage changing. Female C57BL/6J mice (age, 8 wk; Jackson 
Laboratories, Bar Harbor, ME) were pair-housed in small (14.7 
× 9.2 × 5.5 in.) Vium Digital Smart Houses. Retrospective data 
analysis was performed on 2 independent studies (experiments 
1 and 2) on data collected during a 14-d acclimation period prior 
to study start and at least 3 d after arrival. In studies wherein 
mice were tattooed, tail tattoos were applied by using the ATS3 
Rodent Tattoo System (Animal Identification and Marking 
Systems, Hornell, NY) without anesthesia. Sample sizes were 
87 to 117 cages (experiment 1) and 24 to 27 cages (experiment 
2). In studies wherein mice were ear tagged, tags (RapID Lab, 
San Francisco, CA [experiment 1] or Stoelting, Wood Dale, IL 
[experiment 2]) were applied without the use of anesthesia. 
Sample sizes were 33 to 36 cages (experiment 1) and 85 to 100 
cages (experiment 2). In studies wherein cage changing was 
investigated, mice were transferred to new IVC containing 
corncob bedding, 2 cotton squares, food, and water, as well as 
standard enrichment (foraging enrichment, ladder, and running 
wheel). Sample sizes were 44 to 61 cages (experiment 1) and 39 
to 50 cages (experiment 2).

Part 2: strain and sex study. Male and female C57BL/6J (n = 
15 mice per sex), BALBc/J (n = 15 mice per sex), and C3H/J (n 
= 14 mice per sex; age, 4 wk; Jackson Laboratories) were group-
housed (approximately 5 mice of the same sex per cage) in large 
(17.0 × 13.4 × 7.8 in.) Vium Digital Smart Houses. Mice were 
single-housed within 3 d after arrival. Cage changes conducted 
at 12 and 17 wk of age for single-housed male and female mice 
were averaged for retrospective data analysis. During each 
cage change, animals were transferred to a clean IVC contain-

ing corncob bedding, brown paper nesting material, food, and 
water, as well as standard enrichment (foraging enrichment, 
dome, and running wheel).

Part 3: longitudinal study. Male (n = 14 or 15 mice) and female 
(n = 13 or 14 mice) C57BL/6J (Jackson Laboratories) were singly 
housed in small (14.7 × 9.2 × 5.5 in.) Vium Digital Smart Houses. 
Data for cage changes conducted from 6 to 25 mo of age were 
used for retrospective analysis. During each bimonthly cage 
change, animals were transferred to a clean IVC containing 
corncob bedding, 2 cotton squares, food, and water, as well as 
standard enrichment (foraging enrichment, ladder, and run-
ning wheel).

Part 4: early and late cage-change study. Cage changes 
from the same cohort of male (n = 14) and female (n = 9 to 
13) C57BL/6J (Jackson Laboratories) mice involved in the 
longitudinal study (part 3) were also used for the early and 
late cage-change study. Given that bimonthly cage changes 
are normally performed by vivarium staff between 0600 and 
1400 PDT, we specifically performed cage changes late in the 
light cycle, close to the beginning of the dark cycle. Cages of 
approximately 29-mo-old male and female mice were changed 
at approximately 1700 PDT (late cage change). Data from the 
late cage change were compared with previous cage changes 
performed at approximately 0900 PDT and 1400 PDT (early cage 
changes) in approximately 29- and 20-mo-old mice, respectively. 
During each cage change, animals were transferred to a clean 
IVC containing corncob bedding, 2 cotton squares, food, and 
water, as well as standard enrichment (foraging enrichment, 
ladder, and running wheel).

Part 5: case study of cuprizone mouse model of multiple 
sclerosis. To provide an example of how cage changing can in-
advertently affect in-life experimental outcomes, we identified 
a previously completed study in the laboratory that involved 
a rodent model of multiple sclerosis. Briefly, 7-wk-old, female 
C57BL/6J mice (Jackson Laboratories) were single-housed in 
small (14.7 × 9.2 × 5.5 in.) Vium Digital Smart Houses. After a 
7-d acclimation period, mice were fed either 0.2% cuprizone 
diet (TD.140804, Envigo-Teklad, Madison, WI; n = 30 mice) or 
control chow (TD.00588, Envigo-Teklad; n = 18 mice) for 41 
d. Cuprizone-containing and control chow were completely 
replaced twice each week according to the manufacturer’s 
recommendation. Cage changes performed during this 41-d 
study period and their effects on in-life experimental outcomes 
were analyzed retrospectively. During a cage change, animals 
were transferred to a clean IVC containing corncob bedding, 2 
cotton squares, food, and water, as well as standard enrichment 
(foraging enrichment, ladder, and running wheel).

Environmental conditions. Animal cages were maintained on 
a 12:12-h light:dark cycle (0600 to 1800 PDT). Individual cages 
were lit by using LED lights between 85 to 110 lx for a 12:12-h 
light:dark photoperiod, with illumination levels collected and 
monitored continuously at the cage level. The animal room 
environmental controls were maintained at temperatures of 20 
to 26 °C and relative humidity of 30% to 70%. The room ventila-
tion rate was set at a minimum of 15 room air changes hourly 
(100% fresh), and cage ventilation rate was set at a minimum 
of 40 to 60 cage changes hourly.

The Vium Digital Platform. Vium Digital Smart Houses con-
sist of standard IVC slotted in Vium’s proprietary rack system. 
Vium Digital Smart Houses are outfitted with sensors and a 
high-definition camera that enable continuous monitoring of 
animals and that streams data to a secure cloud-based infra-
structure. The Vium Digital Platform obtains and maintains a 
digital record of the following information: 1) procedures with 
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corresponding event times; 2) data analytics on motion and 
breathing rate; and 3) verification of illumination. This study 
used the validated Vium Motion (m/sec)24 and Vium Breathing 
Rate (breaths per minute) metrics. To compute breathing rate, 
computer vision algorithms search for greater than 30-s regions 
of time when animals are stationary and identify periodic 
motion that falls within a frequency band containing known 
rodent breathing rates.14 The peak root mean square power is 
compared with a threshold to determine whether the periodic 
motion is significant.

Statistical analysis. Daytime motion (collected from 0600 to 
1800 PDT), nighttime motion (collected from 1800 to 0600 PDT), 
and breathing rate (collected 0600 to 0600 PDT) metrics were av-
eraged for each day or night. Metrics were aligned to the day of 
procedure (day 0). Therefore, day –1 and night –1 represent the 
day and night just prior to the procedure, respectively, whereas 
day 1 and night 1 represent the first day and night postproce-
durally, respectively. Data collected on the day or night after 
the procedure (night 0) as well as on subsequent days or nights 
were normalized to the day or night prior to procedure (day 
–1 or night –1, respectively) to produce motion ratios (Figure 1 
A). Metrics were normalized to account for broad interanimal 
variability and to compare the effects and reproducibility of ef-
fects across independent experiments. In part 1 (reproducibility 
studies of tail tattooing, ear tagging, and cage changing), to 
evaluate the effects of a specified procedure within each experi-
ment or cohort of mice, consecutive days when the specified 
procedure (for example, animal identification, cage changing) 
was not performed (that is, no-procedure control days) were 
used for comparison. Unless otherwise indicated, values for 
daytime, nighttime, and breathing rate metrics are indicated 
as ratios, which represent changes from baseline.

To calculate the maximal change for each procedure, the high-
est or lowest daytime motion, nighttime motion, and breathing 
rate ratios were identified for each subject in each experiment. 
The time of maximum change was identified as the day or night 
when the maximal change was observed.

Individual 2-way ANOVA were used to compare the effects 
of procedure, strain, age, time of procedure, and treatment 
across time. Follow-up pairwise comparisons were made by 
using Dunnett tests for comparing within groups and Sidak 
or Tukey tests for comparing between 2 or more groups, re-
spectively. Unpaired t tests were used to assess differences in 
maximal change (ratio). Linear regression analyses were used 
to investigate relationships between age and motion ratios. For 
all pair-housed mice, the unit of replication was cages, and for 
all single-housed mice, the unit of replication was individual 
subjects. P values less than 0.05 were considered significantly 
different. Prism 7.0 (GraphPad Software, La Jolla, CA) was used 
for statistical analysis.

Results
Behavioral and physiologic responses to animal identification 

procedures and cage changing. We first investigated whether 
there were detectable behavioral (motion) and physiologic 
(breathing rate) changes in response to 2 commonly used animal 
identification procedures (tail tattooing and ear tagging) and 
to a common husbandry event (cage changing) by performing 
retrospective data analysis on completed studies.

Tail tattooing. Female C57BL/6J mice exhibited changes 
in motion (m/sec) and breathing rate (breaths per minute) 
data in response to tail tattooing (Figure 1 B). In experiment 
1, daytime motion was significantly altered during specific 
days (procedure×time, F3,684 = 23.67, P ≤ 0.0001; Figure 1 C). 

Compared with the day before a procedure (day –1), daytime 
motion increased on day 0 and then decreased on days 1 and 
2 postprocedurally (P ≤ 0.0001). Nighttime motion was also 
significantly altered (procedure×time, F3,616 = 16.61, P ≤ 0.0001; 
Figure 1 D). Compared with the night before the procedure 
(night –1), nighttime motion decreased on nights 0 and 1 post-
procedurally (P ≤ 0.0001).

We also determined physiologic responses to tail tattooing by 
examining changes in breathing rate. There was no significant 
interaction between procedure and time (F3,470 = 2.50; Figure 
1 E), although breathing rate trended toward being elevated 
postprocedurally. During consecutive days or nights when no 
procedure was performed (no-procedure control), there were 
no significant changes in daytime motion and breathing rate 
(Figure 1 C through E), with the exception of nighttime motion, 
which increased across consecutive nights (P ≤ 0.05 compared 
with night –1).

Similar results were observed in experiment 2. Day-
time motion was significantly altered during specific days 
(procedure×time, F3,208 = 2.93, P ≤ 0.05; Figure 1 C). However, 
in contrast to the first experiment, daytime motion during 
experiment 2 was consistently reduced from days 0 through 
2 postprocedurally (P ≤ 0.001 compared with day –1). Night-
time motion was also significantly altered (procedure×time, 
F3,208 = 7.44, P ≤ 0.0001; Figure 1 D). Compared with night –1, 
motion decreased on night 0 postprocedurally (P ≤ 0.0001). 
When breathing rate was examined, there was no significant 
interaction between procedure and time (F3,208 = 2.93), although 
breathing rate trended toward being elevated postprocedurally 
(Figure 1 E). During the no-procedure control days and nights, 
there were no significant changes in daytime motion, nighttime 
motion, or breathing rate (Figure 1 C through E).

Table 1 summarizes the results from the retrospective analysis 
of tail tattooing. For daytime motion, mice in experiments 1 
and 2 showed significantly decreased ratios (P ≤ 0.05 compared 
with the no-procedure control) and, on average, attained their 
lowest daytime motion ratios 1.57 and 0.96 d postprocedurally, 
respectively. For nighttime motion, mice in experiments 1 and 
2 showed significantly decreased ratios (P ≤ 0.05 compared 
with the no-procedure control) and, on average, attained their 
lowest nighttime motion ratios less than 1 d postprocedurally 
(0.54 and 0.27 night, respectively). For breathing rate, only mice 
in experiment 1 demonstrated significantly increased ratios (P 
≤ 0.05 compared with no-procedure control), although mice 
from experiment 2 trended toward a similar effect. On average, 
mice in experiments 1 and 2 attained their highest breathing 
rate ratios at similar times (0.87 and 1.09 d postprocedurally, 
respectively).

Ear tagging. Female C57BL/6J mice exhibited changes in mo-
tion and breathing rate data in response to ear tagging (Figure 
2 A). In experiment 1, daytime motion differed significantly 
during specific days (procedure×time, F3,280 = 22.73, P ≤ 0.0001; 
Figure 2 B). Compared with day –1, daytime motion decreased 
on days 0 through 2 postprocedurally (P ≤ 0.01). Nighttime mo-
tion was significantly altered also (procedure×time, F3,280 = 6.95, P 
≤ 0.001; Figure 2 C). Compared with night –1, motion decreased 
(P ≤ 0.05) on nights 0 through 2 postprocedurally. Breathing rate 
showed a significant interaction between procedure and time 
(F3,247 = 7.85 P ≤ 0.0001; Figure 2 D). Compared with day –1, 
breathing rate decreased on days 1 through 2 postprocedurally 
(P ≤ 0.05). With the exception of breathing rate, which increased 
on day 1 to 2 (P ≤ 0.05 compared with day –1), there were no 
significant changes in daytime or nighttime motion for the no-
procedure control. 
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Figure 1. Mice demonstrated behavioral and physiologic responses to tail tattooing in 2 independent experiments (experiment 1, left panels; 
experiment 2, right panels). (A) Sample schematic showing how metric ratios were determined. Day 0 is aligned to the day of procedure (for 
example, day of tattooing, ear tagging, or cage changing); therefore, day –1 and night –1 represent the day and night before the procedure, re-
spectively, whereas day 1 and night 1 represent the day of and night after the procedure, respectively. In this example, daytime and nighttime 
motion data are averaged for each day or night and then normalized to the averaged motion collected on day –1 or night –1, respectively, to 
produce the motion ratios. (B) Motion and breathing rate profiles before and after tail tattooing of a representative subject. Gray shaded areas 
depict the dark phase (1800 to 0600 PDT); the dotted gray line represents the approximate time of tail tattooing. In 2 independent experiments 
with pair-housed, female C57BL/6J mice, (C) daytime motion ratios and (D) nighttime motion ratios significantly decreased during days when 
tail tattooing was performed (Tattoo) compared with days when this procedure was not performed (No Procedure). (E) Breathing rate ratios did 
not differ significantly after compared with before procedures. *, P ≤ 0.05 (Dunnett test) compared with day –1. Data are given as means (error 
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In experiment 2, similar results were found for daytime and 
nighttime motion but not breathing rate. Daytime motion was 
significantly altered during specific days (procedure×time, F3,824 
= 7.11, P ≤ 0.0001; Figure 2 B). Compared with day –1, daytime 
motion decreased on days 1 through 2 postprocedurally (P ≤ 
0.0001). For the no-procedure control, daytime motion decreased 
only on day 1 (P ≤ 0.05 compared with day –1). In addition, 
nighttime motion was significantly altered (procedure×time, 
F3,800 = 5.22, P ≤ 0.001; Figure 2 C). Compared with night –1, mo-
tion decreased on night 0 (P ≤ 0.0001). There were no significant 
changes in nighttime motion during the no-procedure control 
nights. In contrast to experiment 1, there was no significant 
interaction between procedure and time on breathing rate (F3,744 
= 1.45; Figure 2 D). Regardless of whether ear tagging was 
performed, breathing rate was similar across consecutive days.

Table 2 summarizes the results from retrospective analysis 
of ear tagging. For daytime motion, mice in experiments 1 and 
2 demonstrated significantly decreased daytime motion ratios 
after ear tagging (P ≤ 0.05 compared with no-procedure control) 
and, on average, attained their lowest daytime motion ratios 
at 1.61 and 1.38 d postprocedurally, respectively. For nighttime 
motion, mice in experiments 1 and 2 showed significantly de-
creased ratios (P ≤ 0.05 compared with no-procedure control) 
and, on average, attained their lowest nighttime motion ratios 
at 1.00 and 0.51 nights postprocedurally, respectively. For 
breathing rate, mice from experiments 1 and 2 demonstrated 
significantly decreased and increased ratios, respectively (P ≤ 
0.05 compared with no-procedure control). Furthermore, they  
attained their largest changes in breathing rate ratios at 1.42 
and 1.12 d, respectively.

Cage changing. Female C57BL/6J mice exhibited changes in 
motion and breathing rate data in response to cage changing 
(Figure 3 A). In experiment 1, daytime motion was significantly 
altered during specific days (procedure×time, F3,384 = 137.80, P 
≤ 0.0001; Figure 3 B). Compared with day –1, daytime motion 
increased on days 0 through 2 postprocedurally (P ≤ 0.0001). 
In contrast to daytime motion, there was no significant interac-
tion between procedure and time for nighttime motion (F2,345 = 
1.00; Figure 3 C). Regardless of whether a cage change was per-
formed, nighttime motion was similar across consecutive nights. 

When breathing rate was examined, there was a significant 
interaction between procedure and time (F2,251 = 6.14, P ≤ 0.01; 
Figure 3 D). Compared with day –1, breathing rate increased on 
days 0 through 1 postprocedurally (P ≤ 0.001). Daytime motion, 
nighttime motion, and breathing rate remained similar during 
the no-procedure control days and nights.

Similar results were observed in experiment 2. Day-
time motion was significantly altered during specific days 
(procedure×time, F3,392 = 38.52, P ≤ 0.0001; Figure 3 B). Compared 
with day –1, daytime motion increased on day 0 postprocedur-
ally (P ≤ 0.0001). There was no significant interaction between 
procedure and time for nighttime motion (F3,392 = 2.14; Figure 
3 C); nighttime motion was similar across consecutive nights 
regardless of whether a cage change was performed. Breathing 
rate showed a significant interaction between procedure and 
time (F3,305 = 5.97, P ≤ 0.001; Figure 3 D). Compared with day 
–1, breathing rate increased on the day of procedure (day 0, P 
≤ 0.0001). During the no-procedure control nights and days, 
there were no significant changes in daytime motion, nighttime 
motion, or breathing rate compared with day –1 or night –1.

Table 3 summarizes the results from the retrospective analysis 
of cage changes. For daytime motion, mice in experiments 1 and 
2 demonstrated significantly increased daytime motion ratios af-
ter cage changing (P ≤ 0.05 compared with no-procedure control) 
and, on average, attained their highest daytime motion ratios 
on the day of the procedure (0.00 and 0.06 d, respectively). For 
nighttime motion, mice from both experiments showed maximal 
ratio changes that were similar during cage change procedures 
and during no-procedure control nights. For breathing rate, mice 
in experiments 1 and 2 demonstrated significantly increased 
breathing rate (P ≤ 0.05 compared with no-procedure control) 
and, on average, attained their highest breathing rate ratios 
less than 1 d postprocedurally (0.44 and 0.31 d, respectively).

Effects of strain and sex on responses to cage changing. The 
data we have presented thus far are all from female C57BL/6J 
mice. To investigate whether these patterns are more broadly 
applicable across sex and strain, we retrospectively analyzed 
cage-change data from male and female mice of 3 commonly 
used laboratory strains (C57BL/6J, BALBc/J, and C3H/J).

Table 1. Summary statistics for 2 independent tail-tattooing experiments using pair-housed, female C57Bl/6J mice

Experiment 1 Experiment 2

Tattooed  
(n = 87–117)

No procedure  
(n = 44–56)

Tattooed  
(n = 24–27)

No procedure  
(n = 25–27)

Daytime motion
Maximal change (ratio) 0.67 ± 0.23a 0.84 ± 0.20 0.59 ± 0.13a 0.79 ± 0.15
Time (day) of maximal change 1.57 ± 0.62 not applicable 0.96 ± 0.82 not applicable

Nighttime motion
Maximum change (ratio) 0.87 ± 0.10a 1.02 ± 0.07 0.84 ± 0.10a 0.92 ± 0.13
Time (night) of maximal change 0.54 ± 0.75 not applicable 0.27 ± 0.57 not applicable

Breathing rate
Maximal change (ratio) 1.23 ± 0.47a 1.04 ± 0.14 1.18 ± 0.36 1.12 ± 0.23
Time (day) of maximal change 0.87 ± 0.71 not applicable 1.09 ± 0.87 not applicable

Data are given as mean ± 1 SD. Experiment 1: daytime and nighttime motion ratios, n = 117 cages (Tattoo) and n = 56 cages (No Procedure); 
breathing rate ratios, n = 87 cages (Tattoo) and n = 44 cages (No Procedure). Experiment 2: daytime and nighttime motion ratios, n = 27 cages 
(Tattoo and No Procedure); breathing rate ratios, n = 24 cages (Tattoo) and n = 25 cages (No Procedure).
aP ≤ 0.05 (unpaired t test) compared with No Procedure.

bars, SEM). Experiment 1: daytime and nighttime motion ratios, n = 117 cages (Tattoo) and n = 56 cages (No Procedure); breathing rate ratios, n = 
87 cages (Tattoo) and n = 44 cages (No Procedure). Experiment 2: daytime and nighttime motion ratios, n = 27 cages (Tattoo and No Procedure); 
breathing rate ratios, n = 24 cages (Tattoo) and n = 25 cages (No Procedure).
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Figure 2. Mice demonstrated behavioral and physiologic responses to ear tagging in 2 independent experiments (experiment 1, left panels; 
experiment 2, right panels). (A) Motion and breathing rate profiles before and after ear tagging in a representative subject. Shaded gray areas 
depict the dark phase (1800–0600 PDT). The dotted gray line represents the approximate time of ear tagging. In 2 independent experiments 
with pair-housed, female C57Bl/6J mice, (B) daytime motion ratios and (C) nighttime motion ratios significantly decreased during days when 
or after ear tagging was performed (Ear tag) compared with days when this procedure was not performed (No Procedure). (D) Breathing rate 
ratios significantly decreased in experiment 1 but did not show significant differences in experiment 2. *, P ≤ 0.05 (Dunnett test) compared with 
day –1. Data are given as means (error bars, SEM). Experiment 1: daytime and nighttime motion ratios, n = 36 cages (Ear tag and No Procedure); 
breathing rate ratios, n = 33 cages (Ear tag) and n = 34 cages (No Procedure). Experiment 2: daytime and night-time motion ratios, n = 100 cages 
(Ear tag and No Procedure); breathing rate ratios, n = 85 cages (Ear tag) and n = 89 cages (No Procedure).
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For daytime motion, we found a significant interaction between 
strain and time for male mice (F8,215 = 2.21, P ≤ 0.05; Figure 4 
A). BALBc/J male mice exhibited higher daytime motion on 
the day of cage changing (day 0; P ≤ 0.001 compared with 
C57BL/6J male mice). These differences persisted until day 2 
postprocedurally, when BALBc/J male mice showed higher day-
time motion compared with other strains (P ≤ 0.01). There were 
also significant differences in the duration of the response. All 
mice demonstrated elevations in daytime motion on day 0 (P ≤ 
0.0001 compared with day –1). However, increased activity was 
observed only on day 0 for C3H/J male mice but was observed 
through day 1 for C57BL/6J male mice (P ≤ 0.05 compared with 
day –1) and through day 2 for BALBc/J male mice (P ≤ 0.0001 
compared with day –1). For female mice, although there was 
no significant interaction between strain and time (F8,205 = 0.83), 
there were significant main effects of strain (F2,205 = 4.83, P ≤ 
0.01) and time (F4,205 = 138.20, P ≤ 0.0001; Figure 4 A). BALBc/J 
female mice showed higher daytime motion on day 1 (P ≤ 0.05 
compared with C3H/J females) and day 2 (P ≤ 0.05 compared 
with C57BL/6J and C3H/J female mice). Daytime motion was 
increased on days 0 through 3 (P ≤ 0.001 compared with day –1).

For nighttime motion, there was no significant interaction 
between strain and time for male mice (F8,215 = 1.71; Figure 4 B). 
In addition, there was no significant main effect of strain (F2,215 = 
0.86), but there was a significant main effect of time (F4,215 = 5.40, 
P ≤ 0.001). Nighttime motion increased during nights 0 through 
2 (P ≤ 0.01 compared with night –1). For female mice, there was 
a significant interaction between strain and time (F8,205 = 3.72, P 
≤ 0.001; Figure 4 B). Compared with the other strains, BALBc/J 
female mice showed lower nighttime motion on the night af-
ter cage changing (night 0; P ≤ 0.05 compared with C57BL/6J 
females), which persisted until night 3 postprocedurally (P ≤ 
0.01 compared with C57BL/6J and C3H/J females). In addi-
tion, there were significant differences between strains in the 
responses of the female mice. After cage changing, C57BL/6J 
and C3H/J female mice demonstrated higher nighttime motion 
during nights 0 through 3 and nights 1 through 3, respectively 
(P ≤ 0.01 compared with night –1). In contrast to motion, breath-
ing rates did not change significantly across specific days for 
either males (strain×time, F8,171 = 1.50) or females (strain×time, 
F8,186 = 0.69; Figure 4 C).

Effects of age on activity in response to cage changing. To 
assess longitudinal effects of routine husbandry procedures, 

we retrospectively examined the motion responses of male and 
female C57BL/6J mice to cage changes performed over an  
approximately 2-y period. When all cage-change responses were 
averaged by year (year 1, months 6 through 12; year 2, months 
13 through 24), there were no significant main effects of age 
on daytime motion for either males (F1,135 = 0.20) or females 
(F1,125 = 3.28; Figure 5 A). There was a significant main effect 
of time on daytime motion for both males (F4,135 = 246.40, P ≤ 
0.0001) and females (F4,125 = 851.20, P ≤ 0.0001). For both males 
and females, daytime motion increased on days 0 through 1 
and days 0 through 2 postprocedurally, respectively (P ≤ 0.001 
compared with day –1).

Similar results were observed for nighttime motion. When all 
cage-change responses were averaged by year, there were no 
significant main effects of age on nighttime motion for either 
males (F1,135 = 1.21) or females (F1,125 = 0.22; Figure 5 B). However, 
there was a significant main effect of time on nighttime motion 
for both males (F4,135 = 16.05, P ≤ 0.0001) and females (F4,125 42.94, 
P ≤ 0.0001). For both male and female mice, nighttime motion 
increased on night 0 and nights 0 through 1 postprocedurally, 
respectively (P ≤ 0.0001 compared with night –1).

We further dissected the responses of mice to cage changes 
over a 2-y period by examining the trend of monthly day 0 and 
night 0 motion ratios (Figure 5 C). For day 0 ratios, there was 
a linear trend for males (F1,264 = 6.64, P ≤ 0.01; Slope, –0.05) but 
not for females (F1,240 = 2.87; Figure 5 D). For night 0 motion 
ratios, there was no linear trend for either males (F1,264 = 0.27) 
or females (F1,246 = 0.005; Figure 5 D). Linear regression analyses 
demonstrated that for both males and females, age was neither 
a significant predictor of day 0 motion ratio (R2 = 0.0895 and R2 
= 0.0256, respectively) nor night 0 motion ratios (R2 = 0.01045 
and R2 = 0.00013, respectively).

Effects of cage changes performed later in the day on activity 
patterns of mice. Because routine procedures are typically per-
formed in the middle of the photocycle, when rodents are least 
active, we determined whether cage changing performed later 
in the day would attenuate the observed effects. We retrospec-
tively analyzed cage-change data performed at different times 
during the day, specifically during typical husbandry hours 
(that is, cage changing at 0900 and 1400) compared with closer 
to the beginning of the dark cycle (that is, at 1700). We found 
significant effects of time of procedure on daytime motion dur-
ing specific days for both males (time of procedure×day, F8,195 

Table 2. Summary statistics for 2 independent ear-tagging experiments using pair-housed, female C57Bl/6J mice

Experiment 1 Experiment 2

Ear tagged  
(n = 33–36)

No procedure  
(n = 34–36)

Ear tagged  
(n = 85–100)

No procedure  
(n = 89–100)

Daytime motion
Maximal change (ratio) 0.41 ± 0.09a 0.79 ± 0.15 0.68 ± 0.24a 0.82 ± 0.21
Time (day) of maximal change 1.61 ± 0.49 not applicable 1.38 ± 0.71 not applicable

Nighttime motion
Maximal change (ratio) 0.86 ± 0.08a 0.96 ± 0.13 0.92 ± 0.11a 0.97 ± 0.07
Time (night) of maximal change 1.00 ± 0.75 not applicable 0.51 ± 0.72 not applicable

Breathing rate
Maximal change (ratio) 0.88 ± 0.10a 0.99 ± 0.12 1.10 ± 0.16a 0.97 ± 0.22
Time (day) of maximal change 1.42 ± 0.66 not applicable 1.12 ± 0.80 not applicable

Data are given as mean ± 1 SD.
Experiment 1: daytime and nighttime motion ratios, n = 36 cages (Ear Tagged and No Procedure); breathing rate ratios, n = 33 cages (Ear Tagged) 
and n = 34 cages (No Procedure). Experiment 2: daytime and nighttime motion ratios, n = 100 cages (Ear Tagged and No Procedure); breathing 
rate ratios, n = 85 cages (Ear Tagged) and n = 89 cages (No Procedure).
aP ≤ 0.05 (unpaired t test) compared with No Procedure.
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Figure 3. Mice demonstrated behavioral and physiologic responses to cage changing in 2 independent experiments (experiment 1, left panels; 
experiment 2, right panels). (A) Motion and breathing rate profiles before and after cage changing in a representative subject. Shaded gray areas 
depict the dark phase (1800–0600 PDT). The dotted gray line represents the approximate time of cage changing. In 2 independent experiments 
with pair-housed, female C57BL/6J mice, daytime motion ratios significantly increased during days when cage changing was performed (Cage 
Change) compared with days when this procedure was not performed (No Procedure). There was no change in nighttime motion ratios. Breath-
ing rate ratios significantly increased. *, P ≤ 0.05 (Dunnett test) compared with day –1. Error bars, SEM. Experiment 1: daytime and nighttime 
motion ratios, n = 61 cages (Cage Change) and n = 56 cages (No Procedure); breathing rate ratios, n = 44 cages (Cage Change and No Procedure). 
Experiment 2: daytime and night-time motion ratios, n = 50 cages (Cage Change and No Procedure); breathing rate ratios, n = 39 cages (Cage 
Change) and n = 44 cages (No Procedure).
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= 10.02, P ≤ 0.0001) and females (time of procedure×day, F8,138 
= 9.38, P ≤ 0.0001; Figure 6 A). For male mice, cage changing 
performed at 0900 and 1400 led to increased daytime motion on 
the day of the procedure (day 0; P ≤ 0.0001 compared with day 
–1); however, when cage changes were performed immediately 
before the beginning of the dark cycle (1700), daytime motion 
remained similar on day 0 but increased on day 1 after cage 
changing (P ≤ 0.01 compared with day –1; Figure 6 A). There 
were also significant differences in the magnitude of change 
among procedure times. Cage changing at 0900 produced the 
highest daytime activity on day 0 (P ≤ 0.05 compared with cage 
changing at 1400 and 1700), followed by cage changing at 1400 
(P ≤ 0.0001 compared with cage changing at 1700) and then 
at 1700. Similar results were observed for females: when cage 
changing was performed at 0900 or 1400, daytime motion in-
creased on day 0 (P ≤ 0.0001 compared with day –1). In contrast, 
cage changing at 1700 did not result in significant increases in 
daytime motion (Figure 6 A). There were also significant dif-
ferences in the magnitude of change among procedure times. 
Cage changing at 0900 produced the highest daytime activity 
on day 0 (P ≤ 0.0001 compared with cage changing at 1400 and 
1700), followed by cage changing at 1400 (P ≤ 0.01 compared 
with cage changing at 1700), and then at 1700.

We also investigated changes in nighttime motion. Al-
though there were no significant effects of time of procedure 
on nighttime motion during specific nights for either males 
(time of procedure×night, F8,195 = 1.68) or females (time of 
procedure×night, F8,137 = 0.87), there were significant main effects 
of night (males: F4,195 = 20.03, P ≤ 0.0001; females: F4,137 = 8.63, P 
≤ 0.0001) and time of procedure (males: F2,195 = 11.18, P ≤ 0.0001; 
females: F2,137 = 3.69, P ≤ 0.05; Figure 6 B). For males, nighttime 
motion increased on nights 0 through 3 (P ≤ 0.05 compared with 
night –1). Cage changing at 1400 produced the smallest increase 
in nighttime motion (nights 0 and 2, P ≤ 0.05 compared with 
cage changing at 0900; night 0, P ≤ 0.001 compared with cage 
changing at 1700; Figure 6 B). Similar results were observed 
for female mice: nighttime motion increased on nights 0 and 
1 (P ≤ 0.01 compared with night –1). Cage changing at 1400 
produced the smallest increase in nighttime motion (night 0, P 
≤ 0.01 compared with cage changing at 1700). For both males 
and females, cage changes performed at 0900 and 1400 did not 
show significant differences from each other.

Case study: effects of cage changing on a cuprizone mouse 
model of multiple sclerosis. To provide an example of how cage 
changes might inadvertently affect research outcomes, we retro-
spectively analyzed a study conducted in our laboratory using 
a cuprizone mouse model of multiple sclerosis. Mice fed the 
neurotoxin cuprizone (0.2%) displayed reductions in nighttime 
motion compared with mice fed control chow (treatment×time, 
F41,1929 = 5.25, P ≤ 0.0001), specifically on nights 5 through 14, 20 
through 28 (with exception of night 25), 33, and 35 through 41 
(P ≤ 0.05 compared with night 0). We noticed a distinct pattern 
throughout the study: nighttime motion in cuprizone-treated 
mice returned to baseline or control levels during specific 
nights (that is, nights 15 through 19 and nights 29 through 32) 
despite maintaining reductions in activity on the nights prior 
to and after the increases. These periods of time consistently 
coincided with significant increases in daytime motion for 
both cuprizone-treated and control mice (main effect of time, 
F41,1929 = 88.53, P ≤ 0.0001), specifically on days 1, 14, and 28 (P ≤ 
0.0001 compared with day 0). Retrospective review of annotated 
observations revealed that cage changing occurred on these days 
(red arrows, Figure 7 C). Both cuprizone-treated and control 
mice demonstrated similar elevations in daytime motion ratios 
during periods of cage changing (main effect of time only, F6,322 
= 252.99, P ≤ 0.0001; Figure 7 C), specifically on days 0, 1, and 3 
after cage changing (P ≤ 0.05 compared with day –1). In contrast 
to daytime motion, nighttime motion showed significant differ-
ences between treatment groups in response to cage changing 
(treatment×time, F6,322 = 4.21, P ≤ 0.001). Nighttime motion of 
cuprizone-treated—but not control mice—increased on nights 
0 through 4 after cage changing (P ≤ 0.05 compared with night 
–1; Figure 7 D).

Discussion
Using retrospective data analysis, we investigated the behav-

ioral and physiologic profiles of mice in response to common 
laboratory and husbandry procedures: animal identification 
(tail tattooing and ear tagging) and cage changing. Across 
independent studies, we found that these procedures were as-
sociated with distinct and reproducible changes in motion and 
breathing rate patterns (Table 4). Responses to cage changing 
were strain- and sex-dependent and consistent over an approxi-
mately 2-y period in our vivarium. However, the time of day 
at which cage changing was performed affected the responses 

Table 3. Summary statistics for 2 independent cage-changing experiments using pair-housed, female C57BL/6J mice

Experiment 1 Experiment 2

Cage changing  
(n = 44–61)

No procedure  
(n = 44–56)

Cage changing  
(n = 39–50)

No procedure  
(n = 44–50)

Daytime motion
Maximal change (ratio) 3.80 ± 1.22a 1.08 ± 0.28 2.39 ± 1.01a 1.17 ± 0.50
Time (day) of maximal change 0.00 ± 0.00 not applicable 0.06 ± 0.31 not applicable

Nighttime motion
Maximal change (ratio) 1.06 ± 0.45 1.10 ± 0.09 1.16 ± 0.15 1.11 ± 0.23
Time (night) of maximal change 0.41 ± 0.49 not applicable 0.98 ± 0.68 not applicable

Breathing rate
Maximal change (ratio) 1.17 ± 0.23a 1.02 ± 0.13 1.13 ± 0.12a 1.06 ± 0.13
Time (day) of maximal change 0.44 ± 0.50 not applicable 0.31 ± 0.61 not applicable

Data are given as mean ± 1 SD.
Experiment 1: daytime and nighttime motion ratios, n = 61 cages (Cage Changing) and n = 56 cages (No Procedure); breathing rate ratios, n = 44 
cages (Cage Changing and No Procedure). Experiment 2: daytime and nighttime motion ratios, n = 50 cages (Cage Changing and No Procedure); 
breathing rate ratios, n = 39 cages (Cage Changing) and n = 44 cages (No Procedure).
aP ≤ 0.05 (unpaired t test) compared with No Procedure.
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Figure 4. Mice demonstrated sex- (males, left panels; female, right panels) and strain-dependent responses to cage changing. (A) Daytime motion. All 
mice exhibited significantly higher daytime motion after caging change. For males, there was a significant interaction between strain and time, with 
increases in activity on day 0 for C3H/J, through day 1 for C57BL/6J, and through day 2 for BALBc/J. For females, there were significant main effects 
of strain and time. Daytime motion significantly increased on days 0 through 3 (P ≤ 0.001 [Dunnett test] compared with day –1). For both males and 
females, BALBc/J mice showed the highest responses and longest periods of elevated daytime motion compared with C57BL/6J and C3H/J mice. (B) 
Nighttime motion. For males, there was a significant main effect of night but not strain. Nighttime motion significantly increased on nights 0 through 2 (P 
≤ 0.01 [Dunnett test] compared with night –1). For females, there was a significant interaction between strain and time, with C57BL/6J and C3H/J mice 
demonstrating significantly higher nighttime motion after cage changing. (C) Breathing rate. For these experiments, there were no significant differences 
in breathing rates among strains for both males and females. *, P ≤ 0.05 [Dunnett test] compared with day –1; a, P ≤ 0.05 (Tukey test) BALBc/J compared 
with C57BL/6J; b, P ≤ 0.05 (Tukey test) BALBc/J compared with C3H/J. Error bars, SEM; C57BL/6J, n = 15; BALBc/J, n = 15; and C3H/J, n = 14.
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Figure 5. Increased activity in response to cage changing remained consistent over time. (A) During years 1 and 2, both single-housed male 
(left panels) and female (right panels) C57BL/6J mice exhibited similar increases in daytime motion during days when cage changing was 
performed. (B) During years 1 and 2, both single-housed male and female C57BL/6J mice demonstrated similar increases in nighttime motion 
during days when a cage changing was performed. *, P ≤ 0.05 (Dunnett test) compared with day –1. (C) Revised schematic. Red arrows indicate 
that day 0 (day of a procedure) and night 0 (night after a procedure) motion ratios were used for subsequent analyses. (D) day 0 (left) and night 
0 (right) motion ratios plotted during 6 through 25 mo of age for single-housed male and female C57BL/6J mice. Over time, there was a linear 
trend for day 0 ratios for males only, and there was no linear trend for night 0 ratios for both males and females. Error bars, SEM. For females: 
year 1, n = 14; year 2, n = 13; for males: year 1, n = 15; year 2, n = 14.
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of mice. Finally, we described results from a previously com-
pleted study showing how failing to consider the experimental 
coordination of cage changes inadvertently affected results (for 
example, motion data) in a cuprizone mouse model of multiple 
sclerosis. Our results confirm and extend previously published 
studies showing that routine procedures affect rodent behavior 
and physiology.1,7,13,27,28

All of the analyses that we conducted in this report were 
performed retrospectively on available data from completed 
studies. This approach has a number of advantages, including 
the ability to observe reproducible effects across several studies 
with large sample sizes and with no additional use of animals 
solely for the purpose of investigating our hypothesis. How-
ever, using retrospective studies that have other in-life study 
measurements had several limitations. First, we were limited 
by the number of postprocedural days available for assess-
ment. For example, although we were able to assess at least 2 

d after animal identification procedures or cage changing for 
most studies, we were only able to assess nighttime motion and 
breathing rate metrics for a maximum of 1 d after cage chang-
ing in experiment 1. In this case, day 2 was omitted from the 
analysis due to in-life study measurements, which confounded 
data interpretation for nighttime motion and breathing rate. 
Second, conditions across several experiments could not be 
completely controlled due to the nature of the analysis method. 
For example, ear tagging in experiment 1 differed from that of 
experiment 2, in that different brands of ear tags were used in 
each experiment. Variations between and among experiments 
may account for some of the observed differences and incon-
sistencies in results (for example, breathing rate data from ear 
tagging during experiment 1 compared with experiment 2). 
Third, we were unable to investigate the differential effects of 
single- compared with group-housing conditions and analgesia 
use. With the exception of all the animal identification studies 

Figure 6. Cage changes performed later in the day modified activity patterns of mice. (A) Daytime motion. Depending on the time of procedure, 
there were significant differences in the responses of males and females to cage changing. On the day of cage changing (day 0), cage changing at 
0900 showed the highest responses, followed by cage changing at 1400, and then at 1700. For males (left panels), but not females (right panels), 
cage changing at 1700 resulted in significant increases in daytime motion only at day 1 after cage changing. (B) Nighttime motion. For males and 
females, there was no significant interaction between time of procedure and night but there were significant main effects of night and time of 
procedure. Nighttime motion increased on nights 0 through 3 for males (P ≤ 0.05 [Dunnett test] compared with night –1 by) and nights 0 through 
2 for females (P ≤ 0.01 [Dunnett test] compared with night –1). Cage changing at 1400 showed significantly lower responses compared with cage 
changing performed at other times of the day. *, P ≤ 0.05 [Dunnett test] compared with day –1 or night –1; a, P ≤ 0.05 [Tukey test] 0900 compared 
with 1400 cage changing; b, P ≤ 0.05 [Tukey test] 0900 compared with 1700 cage changing; and c, P ≤ 0.05 [Tukey test] 1400 compared with 1700 
cage changing; error bars, SEM. For females, n = 9–13; for males, n = 14.
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Figure 7. The inadvertent effects of cage changing on a cuprizone mouse model of multiple sclerosis— a retrospective case study. (A) Nighttime 
motion significantly decreased in single-housed, female C57BL/6J mice fed a diet containing 0.2% cuprizone (0.2% Cuprizone) compared with 
mice fed a control diet (Control Chow). (B) Daytime motion significantly increased during specific study days for both treated and control mice. 
Periods when nighttime motion was similar between treated and control mice coincided with increases in daytime motion, which occurred on 
days of cage changing (that is, days 1, 14, and 28; red arrows). (C and D) Average daytime and nighttime motion ratios aligned to cage changing 
(day 0 and night 0, respectively). (C) Although there was no significant interaction between time and treatment, there was a significant main 
effect of time. Daytime motion ratios significantly increased on days 0, 1, and 3 (P ≤ 0.05 compared with day –1). (D) Only treated mice demon-
strated significant increases in nighttime motion ratios, and this effect lasted for as long as 4 nights after cage changing. #, P ≤ 0.05 (Sidak test) 
compared with control chow; *, P ≤ 0.05 (Dunnett test) compared with day 0 or day –1; error bars, SEM. For 0.2% cuprizone mice, n = 30; for 
control chow mice, n = 18.
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and cage changing experiments 1 and 2, several of our studies 
used individually housed mice because our continuous moni-
toring platform is currently optimized to track a single animal 
in each cage. Whether the responses observed after animal 
identification procedures or cage changing are modified due 
to housing condition (that is, social buffering)18 or the use of 
analgesia—which might be used concurrently during invasive 
animal identification procedures—remains to be examined. We 
are in the process of optimizing our platform to track group-
housed mice and will reexamine these questions. Finally, we 
were unable to collect blood or tissue samples for further bio-
chemical analyses or perform conventional behavioral assays to 
correlate with the automated motion and breathing rate metrics. 
These endpoints may provide further insight regarding the 
mechanisms underlying behavioral and physiologic changes 
(for example, stress, pain, hyperactivity). Despite these limita-
tions, the most robust behavioral and physiologic patterns were 
generally similar across different experiments and conditions, 
thus allaying these concerns.

Although widely used and relatively safe, animal identi-
fication procedures—such as tail tattooing, ear tagging, ear 
notching, toe or tail clipping, and microchip or transponder 
insertion—are associated with various adverse side effects, in-
cluding infection, inflammation, and pain.6,8,9 In adult rodents, 
previous research using cardiovascular telemetry reported 
increases in heart rate and mean arterial pressure in rats un-
dergoing paw microtattooing, ear tattooing, and ear notching; 
these measures returned to baseline by 24 h postprocedurally.20 
In addition, neonatal mice undergoing various animal identifica-
tion procedures demonstrated increased vocalization.6

We compared motion and breathing rate after 2 commonly 
used animal identification procedures—tail tattooing and ear 
tagging—and found that both procedures led to similar decreas-
es in spontaneous daytime and nighttime activity (decreases 
of less than 50% and less than 15%, respectively). Changes in 
motion were observed for 2 d (or potentially more than 2 d, in 
the case of daytime motion) postprocedurally. We also found 
elevations in breathing rate (approximately 20% increase), which 
lasted for as long as 1 d after tattooing.

Decreases in motion and increases in breathing rates result-
ing from animal identification procedures may be suggestive of 

pain and discomfort in these animals.3,15,22 In addition, changes 
in breathing rate distinguished animals’ responses to tail tat-
tooing and ear tagging. Modest elevations in breathing rate 
after tattooing compared with ear tagging may suggest that 
tattooing is the more invasive of these 2 animal identification 
methods. Further investigation is required to correlate these 
behavioral and physiologic changes with standard behavioral 
and biochemical measurements. In summary, our data suggest 
that animal identification methods can lead to short-term altera-
tions in activity and breathing rate and that tail tattooing may 
be more invasive than ear tagging. Data from both methods 
indicate that, with the exception of daytime motion, it takes 
approximately 2 d for mouse behavior and physiology to return 
to preprocedural levels.

Although routine cage changing (that is, approximately every 
14 d for mouse cages) is important for maintaining the health 
and hygiene of animals, this husbandry procedure is associ-
ated with a number of behavioral and physiologic effects in 
rodents. Previous research is rich with examples, including: 1) 
increases in heart rate and mean arterial pressure;1,11,25 2) ag-
gression among male cage mates;5 3) elevations in locomotion 
and other spontaneous activities;28 4) disruptions in sleep and 
circadian rhythms;12,27 and 5) elevated stress responses.26,29 
Therefore, there is growing interest not only to understand the 
effects and repercussions of animal responses to cage changes 
but also to reduce them.

We compared motion and breathing rate after cage changing. 
Compared with animal identification procedures, cage changing 
led to a larger increase in daytime motion (approximately 3fold 
increase from baseline). Although activity changes were ob-
served for nighttime motion also (Figures 4 B, 5 B, 6 B, and 7 D), 
increases in daytime motion were more consistent and dramatic 
than for nighttime motion (3fold compared with 1.5fold increase 
from baseline, respectively). Peak changes in daytime motion 
occurred during the day of cage change and lasted as long as 2 
d postprocedurally. However, for some studies, changes in mo-
tion (daytime or nighttime) were observed for as long 4 d after 
cage changing (Figure 7 D). We also found that cage changing 
resulted in an approximately 15% increase in breathing rate, 
which was observed as long as 1 d postprocedurally.

Table 4. Summary of metric changes in response to routine procedures during 2 independent experiments using pair-housed, female C57BL/6J mice

Tattooing Ear tagging Cage changing

Daytime motion
Change decrease decrease increase
Maximal change (average ratio) 0.63 ± 0.06 0.55 ± 0.19 3.10 ± 1.00
Time (average day) of maximal change 1.27 ± 0.43 1.50 ± 0.16 0.03 ± 0.04
No. of days to return to baseline 2+ 2+ 1–2

Nighttime motion
Change decrease decrease no change
Maximal change (average ratio) 0.86 ± 0.02 0.89 ± 0.04 1.11 ± 0.07
Time (average night) of maximal change 0.41 ± 0.19 0.76 ± 0.35 0.70 ± 0.40
No. of nights to return to baseline 0–1 0–2 not applicable

Breathing rate
Change increase inconsistent increase
Maximal change (average ratio) 1.21 ± 0.03 0.99 ± 0.16 1.15 ± 0.03
Time (average day) of maximal change 0.98 ± 0.16 1.27 ± 0.21 0.38 ± 0.09
No. of days to return to baseline 0–1 0–2 0–1

Data for maximal change and time of maximal change are given as mean ± 1 SD of 2 independent experiments. Data for number of days or nights 
to return to baseline are given as ranges of the number of days or nights when ratios returned back to baseline. 
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Increases in motion and breathing rate after cage chang-
ing may be indicative of hyperactivity, increased energy 
expenditure, or acute stress resulting from exposure to a novel 
environment (that is, neophobia). Cage changing results in a 
new environment for rodents (that is, fresh bedding, cotton 
squares, enrichment) and thus can subsequently affect animal 
behavior and physiology. Animals rely heavily on olfactory cues 
for establishing territory as well as for recognizing and com-
municating with cage mates.13 Therefore, completely removing 
all prior olfactory cues by providing a clean cage can provide a 
strong aversive stimulus.

Our current study also demonstrated that responses to cage 
changing may or may not differ depending on the sex, strain, 
and age of the animal. BALBc/J mice showed heightened re-
sponses compared with 2 other commonly used mouse strains 
(C57BL/6J and C3H/J). Phenotyping studies have documented 
that the BALBc/J strain shows higher levels of emotional reac-
tivity and anxiety compared with other strains.10 The increased 
magnitude and duration of the responses of BALBc/J mice, 
specifically males, may reflect the stress-inducing nature of cage 
changing.26,29 We also found that, regardless of sex, animals’ 
responses to cage changing remained remarkably consistent 
over time even as animals aged and became less active.2,16 
How responses to routine procedures interact with age-related 
changes in activity and metabolic patterns, habituation, cog-
nition, or stress responses requires further investigation. In 
summary, cage changing in mice: 1) results in more dramatic 
behavioral (motion) responses than animal identification pro-
cedures; 2) elicits sex- and strain-dependent differences; and 
3) maintains remarkably consistent responses even as animal 
age. Furthermore, our data suggest that it takes approximately 
2 to 4 d for mouse behavior and physiology to return to levels 
before cage changing.

Several studies have explored various methods to reduce the 
behavioral and physiologic effects of routine procedures, includ-
ing identifying methods that provide the least disturbance (for 
example, different animal handling procedures), manipulating 
environmental factors such as bedding or nesting material, 
and adjusting the scheduling of the procedure within the facil-
ity.27,28 Experiments in rodents are often conducted during the 
middle of the light cycle, when rodents are least active, instead 
of during the dark cycle to coincide with periods of increased 
activity. We found that cage changing conducted late during 
the day or near the beginning of the dark cycle attenuated day-
time motion on the day of the procedure compared with cage 
changing performed early during the day. However, the effects 
of late cage changing (1700) on daytime motion appeared to be 
prolonged for male mice, as demonstrated by the significantly 
higher daytime motion ratios on day 1 compared with the 
other procedure times. Furthermore, for both male and female 
mice, cage changing at 1700 did not reduce nighttime motion. 
These results concur with previously published literature27 and 
highlight the robust effect of cage changing on animal behav-
ior. Regardless of the time of the procedure, mice modify their 
behavior patterns in response to a cage change, suggestive of 
an immediate requirement for animals to explore, build nests, 
and mark their new surroundings. Minor disruptions to an 
animal’s circadian rhythm or sleep patterns can have long-term 
physiologic, metabolic, and behavioral consequences, thereby 
negatively affecting animal health and confounding interpreta-
tion of scientific data.19

Behavioral and physiologic effects of routine husbandry 
and laboratory procedures have been reported, yet the practi-
cal physiologic relevance and repercussions have rarely been 

discussed. By performing retrospective analysis on a previ-
ously completed study involving a cuprizone mouse model 
of multiple sclerosis, we found that cage changing conducted 
during experiments may inadvertently affect data collection 
and interpretation. As expected, mice fed a diet containing 0.2% 
cuprizone showed decreases in spontaneous activity compared 
with mice fed control chow; these effects may be interpreted 
as reductions in gross motor function due to demyelination.23 
However, there were periods of apparent ‘recovery,’ when dis-
eased animals displayed similar levels of activity compared with 
controls, and these periods coincided with increases in daytime 
motion due to cage changing. First, these results demonstrate 
that activity deficits in this mouse model can be uncovered by 
examining changes in nighttime motion by using a continuous 
monitoring platform. Second, these results reveal the inadvert-
ent effects of cage changes on the collection and interpretation 
of study data. From these observations, we cannot determine 
whether this mouse model might have shown relapsing and 
remitting disease symptoms in the absence of cage changing 
or whether cage changing might have approximated standard 
assays that invoke behaviors. Because the cuprizone mouse 
model is not commonly used to study the relapsing–remitting 
clinical symptoms of multiple sclerosis and because remyelina-
tion is not normally observed until cuprizone is withdrawn,21 
the observed effects are likely associated with cage changing. 
Although further investigation is required to assess the effects 
of cage changing on disease severity and pathology, this case 
study example underscores the importance of understanding 
the effects of routine procedures and of planning these proce-
dures appropriately.

By using a continuous monitoring platform, the goal of the 
current research was to provide meaningful insights into the 
effects of routine laboratory and husbandry procedures and to 
direct recommendations to guide researchers when planning 
procedures. Our data suggest that approximately 2 d after ani-
mal identification methods and 2 to 4 d after cage changing may 
be sufficient for the return of mouse behavior and physiology to 
preprocedural levels. These insights highlight the importance of 
considering how responses to common procedures are affected 
by the strain, sex, and age of study subjects; the type of study; 
and its relevant endpoints. Understanding and considering the 
effects of these procedures not only enhances animal welfare 
by providing ample recovery or habituation time prior to per-
forming in-life data collection but also refines scientific work 
practices that may ultimately improve quality control and study 
reproducibility.
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