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Mouse Model of Liver Toxicity 
in the Vium Digital Vivarium

Liver disease, including hepatocellular carcinoma (HCC), hepatitis, alcoholic liver disease (ALD), 
autoimmune or drug-induced liver disease, and non-alcoholic steatohepatitis (NASH), represents a 
considerable public health burden. End-stage liver disease or cirrhosis accounts for 2% of deaths 
worldwide (1).  Regardless of the type of liver disease, a significant driver of fibrosis in the liver is 
inflammation (2,3).  
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Intravenous injection of the plant lectin Concanavalin A (Con A) in 
mice is a commonly used model of acute immune-mediated 
hepatitis and immune-mediated drug hepatotoxicity due to its 
rapid disease onset and clinically relevant disease mechanisms.  
Con A-induced toxicity is driven by the recruitment and activation 
of T lymphocytes into liver tissue, thereby allowing researchers to 
address the involvement of immune cell activation and 
inflammation in liver disease (2,3).

Similar to clinical measurements, standard endpoints in this 
mouse model include quantification of serum liver transaminases, 
which are indicative of hepatocellular damage (3,4). In a typical 
experiment, mice intended for analysis 12 or 24 hrs after Con A 
administration must be monitored closely by trained technicians 
for signs of side-effects associated with liver failure, including 
inactivity, cardiorespiratory failure, and hypothermia.  Mice with 
severe signs of liver failure are euthanized prematurely to ensure 
tissue/data collection and humane treatment of animals (3). These 
“hands-on” approaches may limit the number and frequency of 
observation periods, as well as present unavoidable sources of 
experimenter and environmental variability that can confound 
results.  Furthermore, time-consuming and laborious standard 
endpoints may impede the rapid screening of disease-modifying 
compounds.  

We hypothesize that continuous monitoring of behavioral and 
physiological parameters will provide clinically relevant data to 
assess disease in induction rodent models, including the Con A-
induced mouse model of liver disease. The objective of this study 
was to evaluate behavioral and physiological characteristics of 
Con A-induced mice using different doses of Con A.  
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Blood Collection
At 8 hrs post-dose or endpoint (humane endpoint or 24 hrs post-Con A challenge), blood was collected 
via the submandibular vein, stored, and assayed for liver transaminases, including alanine liver 
transaminase (ALT) and aspartate liver transaminase (AST).  

Breathing Rate and Motion
Subjects were housed within the Vium Digital Vivarium, where intelligent sensors and HD cameras allow 
for continuous and minimally invasive monitoring of animals, as well as collection of automated metrics 
including motion and breathing rate, in the home cage. All study data is available in real-time and 
accessible via the online Research Suite.

Statistical Analysis 
Two-way ANOVAs with Tukey’s multiple comparison tests were used to compare groups across time.  
Kruskal-Wallis tests were used to compare liver transaminase activity levels among groups. P values 
less than 0.05 were considered statistically different. Retrospective power analysis was calculated using 
G*Power (Heinrich-Heine-University Düsseldorf, Germany). 

Liver Transaminase Activity (ALT and AST)
As early as 8 hrs post-dose, Con A-induced mice showed elevations in liver enzymes ALT and AST, 
which persisted until study end (24 hrs post-induction) (Fig 1A and 1B).  

METHODS
Animals
Singly-housed, six-week old, male BALB/c mice (Charles River Laboratories, Hollister, CA) housed in 
Vium Digital Smart Housing™ were injected with Con A (15 mg/kg or 25 mg/kg) (Sigma Aldrich, St. Louis, 
MO) or PBS intravenously (IV). Using the online Research Suite, remote clinical observations were 
performed hourly from 5-8 hrs post-dose and every 30 mins from 8 hrs post-dose until endpoint. If 
remote clinical observations suggested an animal was nearing humane endpoint or in distress, a cage-
side observation was conducted. Mice found to be at humane endpoint (i.e. moribund or presenting with 
cardio-respiratory distress, ascites/edema, or hemorrhage) were euthanized.  Experiments were 
conducted in Vium’s AAALAC-accredited facility in accordance with the NIH Guide for the Care and Use 
of Laboratory Animals and were approved by the Institutional Animal Care and Use Committee at Vium.

RESULTS

Figure 1. Liver transaminases confirm 
liver injury.
(A) Con A-induced mice showed 
elevated AST levels.  There was a 
significant main effect of dose only at 24 
hrs post-induction (P<0.01). 
(B) Con A-induced mice showed 
elevated ALT levels at 8 and 24 hrs 
post-induction (P<0.05 and P<0.01, 
respectively).  N=3-5 per group.  Values 
represent Means ± SEM.  * P<0.05 vs. 
PBS Control.  
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Vium Metrics
When assessed using Vium’s metrics, Con A-induced mice showed a dose-dependent decrease in 
activity levels as early as three hrs post-dose and increase in breathing rate levels, both of which 
persisted until study end (Fig. 2A and 2B).    

Sample Size Determination
Effect sizes for motion and breathing rate were larger compared with liver enzyme measurements 
(Table 1). Retrospective power analysis indicated smaller sample size requirements to detect these 
effect sizes with 95% power and an alpha at 0.05.

Remote Clinical Observations
Subjects were continuously monitored throughout the experiment: 439 remote observations were 
performed using the online Research Suite and an additional 57 cage-side observations were 
performed to clinically observe animals that remotely showed inactivity or some form of distress. Two 
mice from the 25 mg/kg Con A group reached humane endpoint before study end. These mice were 
identified as inactive using remote observations, followed-up with in-person clinical observations, then 
humanely euthanized due to moribundity.   

Table 1.  Retrospective power analysis for Con A (25 mg/ kg) vs. PBS

N=5 per group.  To compute sample size, the following parameters were used: two-tailed t-test (Motion and Breathing Rate) or 
two-tailed Mann-Whitney (ALT and AST), an alpha error probability of 0.05, and power of 0.95. Effect sizes were determined 
using experiment data from average night-time motion, breathing rate, and liver enzymes at specified times post-induction.

Figure 2. Motion and breathing rate 
track disease progression and 
severity.
(A) Con A-induced mice showed 
reduced activity levels as early as 3 hrs 
post-dose.  On average, mice induced 
with 25 mg/kg Con A showed lower 
activity levels compared with mice 
induced with 15 mg/kg Con A (P<0.05).  
(B) On average, Con A-induced mice 
showed increased breathing rate 
(P<0.01, 25 mg/kg Con A or 15 mg/kg 
Con A vs. PBS Control).  N=5 per group.  
Values represent Means ± SEM.  * 
P<0.05 vs. PBS Control.
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We demonstrate that continuous and automated detection of motion and breathing rate in the home 
cage provides physiologically relevant information for evaluating disease progression in the 
Concanavalin A (Con A)-induced mouse model of liver disease. More specifically, motion and breathing 
rate showed changes in disease severity as early as three hrs post-induction. Elevated liver enzymes 
performed at 8 and 24 hrs confirmed liver injury.   

In liver toxicity studies, animals must be closely and frequently monitored in order to restrict pain and 
distress. Furthermore, standard measurements involve ex-vivo analysis through histopathology and the 
measurement of liver transaminase activity levels, which peak ~8 hrs post-induction (3,4).  We 
demonstrate that the Vium Digital Platform provides automated behavioral and physiological 
measurements, which track disease at earlier time points and persist until study end.  Significant and 
persistent changes in metrics (i.e. ~60-80% motion reductions post-induction) also improved statistical 
power to subsequently reduce sample size requirements.  Decreased motion and increased breathing 
rate may be associated with underlying symptoms, such as, fever, fatigue, or dyspnea related to 
pulmonary complications observed in patients with liver disease (5,6).   Acute inflammation of the liver 
produces a systemic release of cytokines, which may result in such symptoms (2-4). 

In addition to providing more sensitive and physiologically relevant metrics, a low-touch, continuous 
monitoring platform can be used to perform more frequent and remote observations of subjects.  For 
screening purposes, the ability to continuously monitor motion and breathing rate allows researchers 
the option to omit blood collection at the 8-hr timepoint. These behavioral endpoints can be used to 
rapidly screen compounds that suppress inflammation in conjunction with traditional biochemical and 
histopathology analyses. 

This platform refines animal research by decreasing animal stress, sample size requirements, and 
invasive procedures with unintended human impact. This approach also promotes scientific research by 
evaluating clinically relevant behavioral endpoints to make more informed and rapid decisions during 
compound screening.   
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Systemic Lupus Erythematosus (SLE) is a chronic, inflammatory autoimmune disease that affects 
multiple organ systems. Common characteristics include kidney disease, skin eruptions, joint pain, and 
neuropsychiatric complications (1). Lupus nephritis is a significant cause of morbidity and mortality in 
patients (2). 

MRL/MpJ-Faslpr (MRL/lpr), a commonly used mouse model of SLE, possesses a spontaneous genetic 
mutation in the Fas TNF family of receptors. Similar to patients, mutant mice show accelerated mortality, 
lymphadenopathy, nephritis, and elevated levels of autoantibodies, including anti-dsDNA (3). 
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In SLE preclinical research, therapies are evaluated against several 
reliable standard measures, including proteinuria, anti-dsDNA, skin 
lesions, splenomegaly, nephritis, and survival. These current 
measures can inadvertently cause stress to the animals during 
collection. In addition, they also lack the sensitivity to detect 
ongoing disease and fall short in capturing diverse behavioral 
changes manifested by SLE patients, such as fatigue, pulmonary 
involvement, and sleep disturbances (4,5).   

We hypothesize that continuous monitoring of behavioral and 
physiological parameters will provide additional meaningful data to 
assess disease and efficacy in genetic rodent models of disease, 
including SLE.  To address this hypothesis, the objectives of this 
study were: 1) To investigate behavioral and physiological 
characteristics of MRL/lpr mice using a low-touch, continuous 
monitoring platform, and 2) To evaluate and compare the effects of 
standard of care (SOC) compounds on conventional disease 
measures as well as behavioral and physiological phenotypes in  
MRL/lpr mice.

INTRODUCTION

CASE STUDY

METHODS
Animals
Singly-housed, female MRL/lpr and MRL/MpJ (Control) mice 
(Jackson Laboratories, Bar Harbor, ME) were evaluated starting at 6 
weeks old, treated with cyclophosphamide (CP), dexamethasone 
(DEX), or vehicle (Table 1) starting at 10 weeks, and euthanized at 
22 weeks. Experiments were conducted in Vium’s AAALAC-
accredited facility in accordance with the NIH Guide for the Care 
and Use of Laboratory Animals and were approved by the 
Institutional Animal Care and Use Committee at Vium.

UP NEXT:
Methods
Results
Discussion
References



Vium.com | +1 (650) 797-2000 | info@vium.com

MRL/lpr Model of Systemic Lupus 
Erythematosus (SLE) in the Vium Digital 
Vivarium

CASE STUDY

Breathing Rate and Motion
Subjects were housed within the Vium Digital Vivarium, where intelligent sensors and HD cameras allow 
for continuous and minimally invasive monitoring of animals, as well as collection of automated metrics 
including motion and breathing rate, in the home cage. All study data is available in real-time and 
accessible via the online Research Suite.  

Body Weight and Proteinuria
Body weights were measured weekly. Urine was collected every-other week. Urine proteinuria was 
evaluated using Multistix 10 SG Reagent Strips (Siemens, Washington DC, USA) and the following 
criteria: 0= 0 mg/dL to 29 mg/dL; 1= 30 mg/dL to 99 mg/dL; 2= 100 mg/dL to 299 mg/dL; 3= 300 mg/
dL to 1999 mg/dL; 4= over 2000 mg/dL.

Terminal Pathology
At study end, spleen and kidneys were weighed. Left and right kidneys fixed in 10% neutral buffered 
formalin were sent for histopathology analysis and scored for glomerulus crescents, tubular protein 
casts, interstitial inflammation, and vasculitis (Bolder BioPATH, Boulder, CO). 

Statistical Analysis
One or two-way ANOVAs with Tukey’s multiple comparison tests were used to compare groups on 
specific or across study days, respectively. P values less than 0.05 were considered statistically different.    

Table 1:  Treatment Study Groups 

RESULTS
Compared with MRL control mice, vehicle-treated MRL/lpr mutant mice showed increased body 
weight as early as days 73-87 (~10-12 weeks of age). Treatment with cyclophosphamide (CP) or 
dexamethasone (DEX) rescued this phenotype starting ~13 weeks (Figs. 1A and 2A). Vehicle-treated 
MRL/lpr mice also showed increased proteinuria scores as early as 15-17 weeks of age. Treatment 
with CP or DEX rescued this phenotype around 16 and 17 weeks, respectively (Figs. 1B and 2B).  

When assessed using Vium’s breathing rate metric, vehicle-treated MRL/lpr mutant mice showed 
increased breathing rate as early as 16 weeks of age (Figs. 1C and 2C). Treatment with CP or DEX 
attenuated this phenotype, with CP-related and DEX-related reductions detected as early as 14 
and 15 weeks of age, respectively. On average throughout the study, vehicle-treated MRL/lpr mice 
generally showed lower activity levels compared to MRL controls, and this phenotype was 
attenuated in CP- and DEX-treated mice (Figs. 1D and 2D).    
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Histopathology corroborated these results. Compared with MRL controls, MRL/lpr mice showed 
increased spleen and kidney weights, as well as kidney histopathology scores at study end. CP- and 
DEX-treated mice showed attenuated organ weights and histopathology scores (Table 2).    

Table 2.  Organ weight and pathology results 

Values represent Means ± SEM.  N=3-13 per group.  ^ P<0.05 MRL/lpr Vehicle vs. MRL Control Vehicle and * P<0.05 MRL/lpr 
DEX or CP vs. MRL/lpr Vehicle

Figure 1. Cyclophoshamide treatment attenuates disease symptoms
Cyclophosphamide (CP) rescued the phenotypic increase in body weight of MRL/lpr mice at ~13 weeks of age (A), the 
phenotypic increase in proteinuria at 17 weeks of age (B), and elevated breathing rate at 16 weeks of age, with CP-related 
decreases detected at 14 weeks (C). On Average, MRL/lpr mice showed lower activity levels (P<0.0001 v. MRL Control Vehicle), 
and this phenotype was attenuated in CP-treated mice (P<0.001) (D). N=3-19 per group. Values represent Means +/- SEM. 
^P<0.005 MRL/lpr Vehicle vs. MRL Control Vehicle. *P<0.05 MRL/lpr CP vs. MRL/lpr vehicle.

Figure 2. Dexamethasone treatment attenuates disease symptoms
Dexamethasone (DEX) rescued the phenotypic increase in body weight of MRL/lpr mice at ~13 weeks of age, with DEX- related 
decreases detected at ~12 weeks (A), the phenotypic increase in proteinuria at 16 weeks of age (B), and elevated breathing rate 
at 16 weeks of age, with DEX-related decreases detected at 15 weeks. (C). On average, MRL/lpr mice showed lower activity 
levels (P<0.01 vs. MRL Control Vehicle), and this phenotype was attenuated in DEX-treated mice (P<0.0001). N=3-7 per group. 
Values represent Means +/- SEM. ^P<0.05 MRL/lpr Vehicle vs. MRL Control Vehicle. *P<0.05 MRL/lpr DEX vs. MRL/lpr Vehicle.
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We demonstrate that continuous automated detection of breathing rate and motion in the home cage 
provides useful information for evaluating disease progression in the MRL/lpr mouse model for 
systemic lupus erythematosus (SLE). More specifically, changes in breathing rate followed the course of 
disease severity and was rescued by treatment with reference compounds. Histopathology results 
confirmed splenomegaly and renomegaly, as well as interstitial inflammation, vasculitis, and tubular 
protein casts in the kidney.    

SLE is a chronic and heterogeneous autoimmune disease; patients present with multiple behavioral and 
physiological disease symptoms (1,2,4,5). We demonstrate that the Vium Digital Vivarium platform can 
provide insight into physiologically relevant measures, which track disease and reflect drug efficacy, 
such as motion and breathing rate– both of which provide a holistic overview of disease state in SLE 
patients.  We also observed an approximately 20% increase in breathing rate in mutant mice, a 
phenotype not normally assessed in this mouse model.  Increased breathing rate may be indicative of 
pulmonary edema or acute reversible hypoxemia secondary to renal failure, interstitial pneumonitis 
increased cell infiltrates in lungs, or a general immune-mediated response, which have all been 
observed in SLE patients (6,7).  Although its pathophysiological relevance to disease requires further 
investigation, breathing rate may provide an additional read-out for assessing disease.

In addition to providing more physiologically relevant metrics to complement standard measurements, 
a low-touch, continuous monitoring platform can also be used to minimize stress and inherent human 
impact during experimentation, especially in a model wherein disease etiology results from a 
combination of genetic and environmental factors. 
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Investigate Phenotypes in Inbred 
Mouse Strains or Mouse Models of Disease

Phenotyping Mouse 
Models

INTRODUCTION
The rapid growth of systems biology approaches in preclinical research, such as whole-genome sequencing 
and genome editing, has contributed to the need for high-throughput and reproducible phenotypic 
screening of genetically engineered animals (1,2). The relationship between genotype and phenotype is 
complex: targeted genes of interest interact with background genes and unknown mutations, as well as 
epigenetic and environmental factors, to exert specific or collective effects on health and behavior (1-3). 

• Track longitudinal changes in 
animal behavior and physiology 
across different mouse strains 
and models

• Perform phenotypic screens 
with greater efficiency and 
reproducibility

• Refine animal research by 
minimizing animal handling that 
may inadvertently lead to 
unnecessary stress

Vium’s Digital Platform 
Allows Researchers to:

The availability of different strains and a wealth of genetic and 
phenotyping resources make the laboratory mouse an excellent 
genetic model. However, despite collective awareness and 
improvements in phenotyping pipelines and procedures, 
reproducibility and translatability remain constant challenges in 
rodent phenotypic screening (4,5). Due to time, labor, and cost 
constraints, mutant alleles are typically studied in a single inbred 
strain and sex or during limited time points. Furthermore, trained 
technicians perform traditional behavioral assays outside of the 
home cage, where inadvertent human impact or environmental 
factors can provide additional sources of variability (6). In this study, 
we investigate how continuous monitoring of animals in their home 
cage using automated metrics can reveal different longitudinal 
patterns of behavior among four commonly used inbred mouse 
strains. 

ANIMALS
Four-week old male (n=15) and female (n=15) C57Bl/6J, C3H/J, 
BALBc/J, and DBA /1J mice housed in Vium Digital Smart 
Housing™ were acclimated to the vivarium for three days, then 
single-housed, and evaluated until ~24 weeks of age. Animals were 

MOTION AND BREATHNG RATE
Subjects were housed within the Vium Digital Vivarium, where intelligent sensors and HD cameras allow 
for 24/7 continuous and minimally invasive monitoring of animals, as well as collection of automated 
metrics, including motion and breathing rate, in the home cage. All study data is available in real-time and 
accessible via the online Research Suite.   

METHODS

STATISTICAL ANALYSIS
Bi-monthly body weight measurements and daily motion and breathing rates were binned into months 
for analysis. Two-way ANOVAS with Tukey’s and Dunnett’s multiple comparisons test were used to 
compare between and within strains, respectively.  P values less than 0.05 were considered statistically 
significant.  

weighed every two weeks. Experiments were conducted in Vium’s AAALAC-accredited facility in 
accordance with the NIH Guide for the Care and Use of Laboratory Animals and were approved by the 
Institutional Animal Care and Use Committee at Vium.   
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We evaluated changes in night-time motion (Fig. 1A and 1B) across time and among strains. Male C57Bl/6J 
and C3H/J mice, as well as female C57Bl/6J and BALBc/J mice, showed increased motion over time.  In 
contrast, DBA/1J males and females showed decreased motion over time. Regardless of sex, C57Bl/6J 
displayed the highest night-time activity. In contrast, DBA/1J males and females, as well as BALBc/J 
females had a tendency towards lower night-time activity. 

RESULTS

Figure 1. Monthly bins of night-time motion in four inbred strains of mice.    
(A) Males: C57Bl/6J and C3H/J males showed increased motion, while DBA/1J males showed decreased motion over time 
(#P<0.05 vs. Month 1). Among the four strains, C57Bl/6J males were generally the most active (*P<0.0001 vs. All strains), while DBA/
1J males were the least active (*P<0.01 vs. BALBc/J and C57Bl/6J). Motion was generally as follows: DBA/1J < C3H/J < BALBc/J < 
C57Bl/6J. (B) Females: C57Bl/6J and BALBc/J females showed increased motion over time, while DBA/1J females showed 
decreased motion over time (#P<0.05 vs. Month 1).  Among the four strains, C57Bl/6J females were generally the most active 
(*P<0.0001 vs. All strains), followed by C3H/J (*P<0.001 vs. BALBc/J and DBA/1J). Motion was generally as follows: BALBc/J < DBA/
1J < C3H/J < C57Bl/6J. N=15 per group. Values represent Means ± SEM.   
    

B

For breathing rates (Fig. 2A and 2B), all groups, with the exception of C57Bl/6J males showed 
decreased breathing rates over time. Regardless, of sex, C57Bl/6J mice displayed the highest breathing 
rates, followed by BALBc/J, DBA/1J, and lastly C3H/J.

Figure 2. Monthly bins of breathing rate in four inbred strains of mice.    
(A) Males: DBA/1J, C3H/J, and BALBc/J males showed decreased breathing rates over time (#P<0.05 vs. Month 1).  Among the 
four strains, C57Bl/6J males generally possessed the highest breathing rates (*P<0.0001 vs. All Strains), followed by BALBc/J 
(*P<0.0001 vs. C3H/J and DBA/1J), DBA/1J (*P<0.0001 vs. C3H/J), and C3H/J. (B) Females: All mice showed decreased 
breathing rates over time (#P<0.05 vs. Month 1). Among the four strains, C57Bl/6J females generally possessed the highest 
breathing rates (*P<0.0001 vs. All Strains), followed by BALBc/J (*P<0.0001 vs. C3H/J and DBA/1J), DBA/1J (*P<0.0001 vs. C3H/
J), and C3H/J. For both males and females, breathing rate was generally as follows:  C3H/J < DBA/1J < BALBc/J < C57Bl/6J. 
N=15 per group. Values represent Means ± SEM.   
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DISCUSSION
We demonstrate that continuous monitoring of animal behavior in the home cage allows researchers to 
observe longitudinal differences among two sexes in four inbred strains of mice. We observed strain and 
sex-specific patterns in night-time motion and breathing rate, which was generally consistent over the five-
month study duration. In general, differences among genetic backgrounds were greater than differences 
between sex. Consistent with previous research, C57Bl/6J mice were the most active and possessed the 
highest breathing rates, while C3H/J mice showed the lowest breathing rates (1,2,7). 

Regardless of strain and sex, body weight increased over time for all groups (Fig. 3A and 3B). In general, 
C3H/J mice weighed the most, while DBA/1J mice weighed the least during a five-month study duration.    

Figure 3.  Body weight profiles of four inbred strains of mice.    
In both males (A) and females (B), mice gained weight over time (#P<0.0001 Months 2-5 vs. Month 1).  Regardless of sex, DBA/
1J mice generally weighed the least (*P<0.0001 vs. All strains), while C3H/J mice weighed the most (P<0.05 vs. All strains) within 
a 5-month study duration. For males and females, body weight was generally as follows: DBA/1J < C57Bl/6J < BALBc/J < 
C3H/J. N=15 per group. Values represent Means ± SEM. 

Table 1. 
Summary of behavioral and 
physiological differences across 
four inbred strains of male and 
female mice (1 to 5 months old)

B

We also observed changes in behavior over time (Table 2). While motion increased and breathing 
rate moderately decreased over time for C57Bl/6J mice, motion and breathing rate both generally 
decreased over time for DBA/1J mice. Interactions between motion, breathing rate, and body 
weight may serve as functional read-outs for changes in metabolism and energy expenditure as 
animals age (8).  

A
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A challenge in preclinical research is performing high-throughput, long-term, and unbiased phenotypic 
screening on mouse models of disease. By monitoring animals in the home cage environment, 
researchers can continuously assess natural behaviors in the animals without the additional stress of 
removing them from their cage to perform additional assays. This approach allows researchers to 
perform larger-scale phenotypic screens to better complement the growing needs and rapid 
advancements in preclinical research. 

Table 2. 
Summary of behavioral 
and physiological 
changes across time in 
four inbred strains of 
male and female mice 
(1 to 5 months old) 

Understanding how genetic background affects simple behaviors, such as activity and breathing rate, 
allows researchers to make informed decisions on study design and better interpretations of experiment 
results, especially when performing more complex assays that rely on these behavioral measurements. It is 
well-documented that C57Bl/6J mice generally show higher levels of motion in the open field apparatus, a 
test of spontaneous activity and anxiety, while strains such as DBA/1J and BALBc/J show lower locomotor 
activity and higher levels of emotional reactivity compared to other strains (1). In one study investigating the 
interactions between genotype and phenotype, the researchers found that exploratory activity in an open 
field was similar between wild-type and heterozygote mice in the background of C57Bl/6J mice, but 
significantly reduced in heterozygote mice when placed in the background of BALB or DBA mouse strains 
(2). Selecting the appropriate background strain for genetically engineered mice is therefore important to 
better understand gene function and translate findings to human studies (6).  

    and    depict significant increase or decrease in metric, respectively, over time (P<0.05 in Months 2, 3, 
4, and/or 5 vs. Month 1).  No Δ  indicates that metric remained similar across the 5-month period.  
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