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Abstract

Preclinical animal models are indispensable tools for translational research for which behavioral 

characterization and phenotyping are essential to testing hypotheses and for evaluating the 

potential of novel therapeutic agents to treat diseases. The methods employed for comprehensive 

behavioral phenotyping and pharmacological experiments are complex and should be conducted 

exclusively by trained technicians with demonstrated proficiency. The ultimate goal is to identify 

disease-relevant and translational behavioral endpoints that are robust, reliable, and reproducible, 

and that can be employed to evaluate potential of novel therapeutic agents to treat disease. The 

intent of the present article is to provide a pragmatic outline for establishing and optimizing 

behavioral assays and phenotyping batteries, ensuring that the assays and the data are reliable such 

that they can be reproduced within and across technicians and laboratories and, more importantly, 

that the data is translatable to the clinic.
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INTRODUCTION

The Behavioral Testing Environment

Designing and converting a laboratory space for behavioral testing is not trivial; it is crucial 

to identify adequate space to place the behavioral testing equipment, understand the limits of 

the testing environment, and in particular ensure confidence in the sensitivity of the assay to 

detect the expected endpoints, particularly when the model system has inherent variability of 

a live, behaving animal. It is not as simple as purchasing the behavioral equipment, placing 

the equipment in any available laboratory space, placing the mouse in the equipment, and 

pressing “start” on the computer to record and analyze the data. Rather, it is essential to 

understand the limitations of the testing environment where the equipment is located and 

whether the environment is sufficiently optimized to the extent that it is sensitive to detect 

the expected outcomes. In addition, it is crucial that the technician is proficient in running 

the test itself. In general when identifying appropriate space intended for sensitive 
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behavioral testing, it is best to avoid having procedure space in high traffic areas or in areas 

in proximity to cage wash facilities, elevator shafts, or restroom facilities, in order to 

minimize random disruptions of noise and vibration. While there are fairly simple ways to 

minimize noise, minimizing of vibration is an extremely important consideration as it is well 

documented that high vibration levels can impact breeding and pup survival (Rasmussen et 

al., 2009). A consistent and rigorously environmentally controlled procedure space is a 

major factor in achieving reliable, reproducible results. Several excellent publications have 

provided guidance on optimizing specific behavioral testing protocols (Crawley and Paylor, 

1997; Crawley, 2007; Buccafusco, 2009; Wahlsten, 2010; Fuchs et al., 2011).

Conceptualizing Assay Validation in Behavioral Testing

Much has been written on the standardization of behavioral testing methods (Crabbe et al., 

1999; Würbel, 2000; van der Staay and Steckler, 2002; Würbel, 2002; Wahlsten et al., 2003; 

Schneider et al., 2006; Mandillo et al., 2008), and while there are inherent differences in 

laboratory space (variations in testing equipment, housing conditions, and skillfulness and 

proficiency level of technical staff, among others), the great equalizer across these many 

often uncontrollable and/or unknown variables is the ability to demonstrate, under the given 

laboratory conditions, the test is indeed sensitive enough to detect the expected behavioral 

changes (i.e., assay validation). In this respect, far before any experimental unknowns are 

tested, initial experiments should be conducted to ensure the ability, reliability, and 

sensitivity of the assay being established to produce the expected baseline results when a 

positive or known standard is evaluated. Irrespective of how much standardization is even 

possible, the only way to ensure that the test is op-timized for detecting the expected 

behavioral changes and to confirm the proficiency of the technician is to demonstrate that 

under the conditions being tested that a positive control can produce the expected result. For 

example, if the aim is to set up a test sensitive for detecting an anxiolytic-like effect of a 

novel compound, then the technician should be able to demonstrate the ability of a standard 

anxiolytic agent (e.g., diazepam) to produce an anxiolytic-like effect. In the absence of this, 

it will be a challenge to understand whether the experimental variable (the test compound) 

fails to produce an effect in the assay or whether there was fault with the testing environment 

or the technician’s ability to conduct the test properly, which includes a number of variables 

ranging the gamut from handling, restraint, and injection skills to careful data analysis. This, 

however, should not be confused with the concept that a novel mechanism of action may not 

produce behavioral effects identical to the effects of known standards from which the 

behavioral assay may have been optimized for, but rather provides the confidence that the 

test was conducted under the optimal conditions for which it was established (Tricklebank 

and Garner, 2012).

The Pillars of Reproducibility

A well-conceived experimental design should aim to be reproducible, taking into 

consideration the application of several key principles that minimize as many environmental 

variables as possible as well as eliminate any potential bias (Unger, 2008; Kilkenny et al., 

2009; Kilkenny et al., 2010; Landis et al., 2012; Oswald and Balice-Gordon, 2014). These 

pillars of reproducibility include blinding, randomization, counterbalancing, suitable sample 

sizes, and the inclusion of appropriate controls (Fig. 1). The inherent variability of live, 
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behaving animals is the greatest factor for considering an experimental design which means 

it is crucial that every other factor (e.g., environmental, experimental) should be controlled 

as rigorously as possible so that only the unknown or experimental reagent becomes the 

single variable being evaluated.

Blinding: In a blinded experiment, at minimum the technician responsible for directly 

evaluating the behavior and analyzing the data should not be aware of the treatment groups. 

In some cases this may be challenging if there are visual clues (e.g., coat color, solution 

color) that may render the study infeasible for blinding. In these cases the analysis and 

interpretation of the data should be performed by an independent technician who is only 

revealed the treatment code after the data have been interpreted. The methods of which 

blinding was achieved should be clearly reported with substantial details in the experimental 

methods text.

Randomization and counterbalancing: Test subjects should be randomly assigned to 

treatment groups. When baseline testing is conducted such that drug treatment will be 

compared relative to pretreatment baselines, then considerations should be made for 

counterbalancing (i.e., performance levels, body weights) evenly across treatment groups so 

as to not bias high or low performers into a single group. Thus, each treatment group should 

be evenly represented by low and high performance levels such that there should be no 

statistical differences across groups prior to initiating drug treatment. The principles of 

randomization and counterbalancing should also be applied across testing sessions, time of 

test day, and multiples of testing equipment, as well as considerations for assigning 

treatments within a group housed cage. For example, if testing requires several days to 

complete due to large group size, limited apparatuses, equipment, and software 

instrumentation, then representative subjects from each treatment group should each be 

tested across the testing days. Not only does this minimize bias in the experiment, but it also 

proactively plans against losing an entire treatment group in the case of unplanned events 

that would require termina-tion of an experiment (e.g., power outage, fire alarm).

Controls: For compound screening, at minimum a vehicle control should be included 

within the experimental design. Irrespective of the consistency of historical control data in 

the laboratory, it is important to understand relative change within an experiment, whether 

that is relative to a vehicle-treated control or relative to a wild-type control in a phenotyping 

experiment. With respect to preclinical pharmacological assays, the vehicle control group 

should receive the same vehicle that the test compound was formulated in and matched for 

excipients and pH levels. Handling-induced and injection-related stress is an important 

variable that can contribute to behavioral outcomes. Identical treatment of controls—with 

the exception of the test compound—will provide confidence in the interpretation of the 

result that it was indeed due to the test compound and not due to any other contributing or 

confounding variable.

Sample size: Group sizes of 10 to 20 per sex, per genotype/treatment are typically the 

minimal sample sizes required to achieve statistical significance in a given assay based on 

behavioral experience and previous power analyses. Effects of genotype and sex should be 
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evaluated using multi-factor analysis of variance (ANOVA). Significant ANOVAs should be 

followed with Tukey’s high significant difference test or other appropriate post hoc tests to 

identify specific differences between groups (Silverman and Crawley, 2014). It is not 

appropriate to generate data with small sample sizes (e.g., n = 2 to 8 per sex/per genotype or 

treatment) in independent experiments and then combine them with other small samples 

from separate experiments to increase power. Rather, initial findings from small cohorts can 

be considered pilot data and used to generate power calculations for follow-up experiments, 

with a second set of appropriately powered experiments planned in an independent cohort 

and executed to confirm results, prior to publication. It is also not appropriate to combine 

sexes within an experiment unless statistical analyses are performed to demonstrate a lack of 

an effect of sex, and methods for how the data were analyzed should be transparently 

reported. If the data cannot be confirmed in one’s own laboratory, then it is less likely that it 

can be reproduced under different conditions in another laboratory.

While the application of these pillars of reproducibility will provide for a more reliable 

assessment of the behavioral phenotype and of the behavioral effects of a compound being 

tested, it should be clear that convergent data from multiple behavioral tests as well as 

correlating biochemical data are important for strengthening the reliability of the mouse 

model being evaluated or the compound being tested and its translational utility (Cryan and 

Mombereau, 2004; Tricklebank and Garner, 2012; Rizzo et al., 2013).

Technical Proficiency

A mastery of conducting sensitive behavioral tests can be met by ensuring that the 

technician is trained if they can accomplish reproducing published data sets (either test 

compounds or published phenotypes in well-described and reproduced mouse models which 

can serve as positive controls). To ensure proficiency, not only should the tech-nicians be 

able to accomplish this, but they should be blind to the treatment groups or genotypes such 

as to eliminate any potential bias as well as provide confidence in the technician’s 

proficiency. This is the ultimate test of a technician’s proficiency; failure to reproduce 

positive control data when all variables are known should caution the investigator that an 

unknown (a mutant mouse line or a novel pharmaceutical compound) is not ready to be 

tested, as there are no ideal standards of comparison. Training of technical staff to a level of 

proficiency should be budgeted appropriately, both with respect to study costs and time, as 

several attempts to achieve successful results may be required. The benefit of this is the 

ability to demonstrate that the assay has been optimized for being able to detect the expected 

behavior, as well as an increased confidence level of the technician and their colleagues to 

trust the data and minimization of any questions when an unexpected outcome occurs and 

the technician’s proficiency is challenged. Examples of commercially available reagents 

(both positive control compounds and mouse models) that can be used to demonstrate assay 

validation and confirm proficiency of the technician are provided in Table 1. Further, 

allotment of this training time allows for the technician to master the high level of attention 

to detail and multi-tasking required to successfully execute a behavioral study given the 

exquisite timing of second by second events inclusive of time to set up and habituate the 

subjects, time to place and remove the mice from the testing arena, time to observe the mice 
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in the arena, time to clean the testing arena between subjects, and time to complete the 

experiment, clean up and rehouse the mice, and analyze the data.

All Mice Are Not Equal

The selection of mouse strain is a fundamental consideration when optimizing behavioral 

assays. Regardless of mouse model employed (i.e., genetic mutant, disease model), it is 

critical to understand how the background strain, and both sexes, perform in the behavioral 

task prior to moving forward with the experimental cohort of mice (Crawley et al., 1997). 

While historically the C57BL/6 mouse has been primarily used in behavioral testing given 

its frequent application as a background strain for genetically engineered models, its 

generally consistent performance across behavioral assays, and its ease of accessibility, it is 

important to be aware that inbred strains such as the C57BL/6 strain have substrains (e.g., 

C57BL/6J and C57BL/6N) that have well-reported behavioral divergences and baseline 

values across assays (Bryant et al., 2008; Simon et al., 2013). Investigators should exhibit 

due diligence and report knowledge of the substrains, as well as number of generations bred 

and backcrossed, particularly when using hybrids. Further, wild-type controls are not inbred 

mice and should not be expected to perform identically to performance levels of historical 

data from the inbred strain. Reagents that contribute to the generation of genetically 

manipulated mice (e.g., neo-cassettes, cre-drivers, flagging techniques), could very well 

influence behavioral responses of the wild-type controls, especially when number of 

backcrossings through subsequent generations is minimal. A working knowledge of the 

background strains or substrains, and their basal behavioral responses in each behavioral 

test, is critical for understanding whether findings in the experimental cohort are related to 

the inherent behaviors of the background strains themselves. Therefore, if this is not the 

case, a baseline cohort of full Ns, should be evaluated to have ideal or expected values for 

each assay.

Confounding Behavioral Responses

The impact of a competing or confounding behavior on the behavioral endpoint being 

evaluated should not be underestimated. In certain strains, behavior may be less than ideal or 

not feasible at all. For example, mice on a C3H or FVB inbred background carry a retinal 

degeneration allele and have visual impairments with age (Schellinck et al., 2010). Strains 

with visual impairments may not be useful for cognitive tests that employ visual cues as 

reference stimuli, and, further, it is well reported that blind mice tend to be hyperactive, a 

behavior that is often a confound in many behavioral tasks (Dyer and Weldon, 1975). 

Hyperactive mice also demonstrate increased ability to maintain their balance on the rotarod, 

a behavioral effect that can be mimicked by administration of a stimulating dose of 

amphetamine to nonhyperactive mice. Mice that have hearing impairments (either from birth 

or through aging) may not be useful for tasks that employ audio cues. Mice with impaired 

olfaction may have reduced social behavior or may not be appropriate for food-motivated 

tasks. Just as it is important to understand the limitations of a behavioral task itself, it is 

important to investigate, acknowledge, and report the limitations of the mouse model being 

tested so as not to be myopic in the interpretation of the data (Table. 2).
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The potential confounds of behavioral responses are greatly increased when a drug is being 

tested. A nonspecific effect of virtually all drugs at an excessive dose level is sedation. 

Sedative behavior confounds nearly all other behavioral responses since the mouse’s 

physical, active engagement is required in behavioral tasks. It is therefore important that a 

test compound’s pharmacokinetic properties (e.g., half-life, time to maximal concentration) 

are known such that an appropriate dose range, route of administration, and pretreatment 

time can be selected. It is also important to be aware of the dose range which is specific to 

the biological target relative to the nonspecific dose that produces sedation or other adverse 

effects (Rizzo et al., 2013). Thus it is critically important to be cautious in interpreting data 

for the endpoint of a behavioral domain that could well be influenced by another competing, 

dominating behavior. Aside from the test compound potentially producing adverse 

behavioral effects, many reagents commonly used as vehicles for in vitro or biochemical 

assays (e.g, DMSO, Tween, ethanol) produce behavioral effects on their own (Castro et al., 

1995; Lin et al., 1998; Colucci et al., 2008; Rivers-Auty and Ashton, 2013).

Although behavioral investigators and personnel are aware of the need to control the 

macroenvironment of the animal room within our laboratories, it is also important to control 

the microenvironment in animal cages from birth to testing or from vendor to laboratory. 

The microenvironment within the cage may influence the biological response of the animal 

test system. Influences that may add variability include housing methods, light, bedding, 

noise, diet, transportation, temperature, chemicals in feed and bedding, humidity, air quality, 

ventilation, water treatment, animal handling, vibration, and caging and accessories (Everitt 

and Foster, 2004). One major trend is to enlarge cages and add objects and complexity for 

the purpose of environmental enrichment to address animal welfare concerns (Olsson and 

Dahlborn, 2002). Other animal welfare considerations, such as the use of social housing, 

have not been rapidly embraced within community due to rising costs, but these changes are 

now slowly occurring along with validation of methods (Turner et al., 2003). Diet and 

sterility of vendor and vivaria facilities all influence gut microbiome, which is been 

increasingly shown to affect behavioral outcomes. Pioneering studies on gut-brain 

microbiomes in animal models have determined there are plausible impacts of microbiomes 

on animal behavior (Cryan and Dinan, 2012).

Designing of Comprehensive Testing Batteries

Mouse models are invaluable tools, and every care should be taken to maximize their value. 

It is not only practical, but common practice for subjects to be tested through comprehensive 

behavioral testing batteries so as to minimize total number of naïve mice required for 

individual tests. It is advisable, however, that comprehensive testing batteries should be 

designed such that mice are evaluated first in the least invasive assays through to more 

invasive tests, with those tests that have potential to be stress-inducing occurring towards the 

end of a testing battery (McIlwain et al., 2001). In general, a 1 to 2 day rest period is a 

sufficient rest interval for mice between tests (Paylor et al., 2006). It has been reported that 

testing order can influence results of subsequent tests; therefore, subsequent or confirmation 

cohorts of mice should be treated identically in order to be able to reproduce the initial 

results (McIlwain et al., 2001). When it is not known how order of testing may influence a 

subsequent behavior, then it is prudent to investigate this at minimum in the background 
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strain. In some cases it may be of interest to assess basal behavioral responses in the early 

part of the testing battery and then re-evaluate the same behavior at the conclusion of a 

testing battery to understand how the frequent handling and exposure to additional testing 

may impact the behavior relative to the initial basal response. For example, differences in 

basal anxiety response in relatively naive mice at the beginning of a testing battery may 

change following repeated handling and testing in other behavioral assays. It is also possible 

to schedule longitudinal phenotyping in the same cohort of animals, particularly when the 

disease endpoints are relevant to age of onset. Mouse models of neurodegenerative disorders 

are often evaluated at a predisease stage (~ to 6 months of age) and then retested at 9 

months, 12 months, and later age time points. Importantly, the details of not only the 

methods for the behavioral assays, but also the order of testing, inter-testing interval, and age 

of mice should be provided in publications such that the data can be independently 

reproduced.

All protocols using live animals must first be reviewed and approved by an Institutional 

Animal Care and Use Committee (IACUC) or must conform to governmental regulations 

regarding the care and use of laboratory animals.

MATERIALS

Animals

1. The selection of an appropriate strain, age range, and of both sexes should be 

relevant for the hypothesis being tested. While historically male test subjects 

have been primarily used for behavioral testing in order to avoid the additional 

variability associated with the behavioral effects of the female estrous cycle, 

considerations should be made to include female mice, although a priori sex 

should be included as an independent variable. Irrespective of the behavioral 

changes associated with the estrous cycle, male and female mice have divergent 

behaviors in different behavioral assays and crucially may vary in sensitivity to 

drug treatment and dosage. When males and females are included in a behavioral 

test, extra caution should be taken to eliminate female scent from testing 

equipment when a female precedes a male. Excessive sniffing may result in 

reduced exploration and reduced performance levels. It is acceptable, given that 

sex is analyzed as an independent factor, that females are tested only after males 

have completed testing or on a separate test day to avoid the potential influence 

of reproductive hormones on the males’ behavioral responses.

2. Age at testing is an important consideration and is an essential component of the 

detailed methods. Typically, behavioral studies that are not including a 

developmental battery are initiated at adult age (≥8 weeks of age). If the testing 

requires developmental assessments, than the test battery may be designed to 

evaluate mice from postnatal day 1 (PND1) through early development into wean 

age (3 to 4 weeks) and beyond. It should be noted that intervening with maternal 

care by manipulating the pups during the early pre-wean period, may in itself 

influence development and may need to be controlled systematically by a sham 

group of pups that are not handled through this development period. In general 
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for pharmacology studies, unless the clinical plan specifically targets dosing in a 

pediatric population, then dosing studies should be limited to adult mice (≥ 8 

weeks of age) to ensure that the drug itself is not influencing development. Age 

ranges for the testing cohort should be limited to 2 to 4 weeks with defined 

windows for “pre-wean” (<3 weeks), “young” (4 to 7 weeks of age), “adult” (≥8 

weeks of age), and “aged” (≥20 weeks of age). Litters should be separated by sex 

by 4 weeks of age to avoid unintended brother-sister matings.

3. Sample sizes should be adequate and informed by historical data based on the 

minimum sample size required to achieve statistical significance or statistically 

through power calculations. Depending on the behavioral test, typical sample 

sizes may range from n = 10 to 20 per sex, per genotype/treatment group. 

Considerations may also need to estimate additional n size for potential attrition 

rates in the case of chronic studies or when morbidity or mortality may be 

associated with the animal model.

4. When ordering from a commercial vendor, it is important to record not only the 

vendor and the strain and substrain information (i.e., C57BL/6J, C57BL/6NJ, 

C57BL/6NTac) but also the location the animals were reared including the 

specific colony room, details of the specific diet (i.e., diet vendor, dietary 

components, % fat), water regimen (i.e., tap, filtered, acidified), and any other 

environmental parameters (e.g., background music in the rearing environment). 

As already stated, it is important to not only be aware of behavioral differences 

across substrains but also within strains; even within a strain divergent behaviors 

may occur as a result of variations in rearing environment which could be related 

to diet, microbiome, or other unknown factors. Therefore, it is best practice that 

control mice are littermate controls or at best that the control strain be 

maintained from a consistent colony room from the same vendor. It should be 

noted that commercial vendors not only have multiple production facilities 

across the world but also have, even within the same location, variations on 

husbandry practices (e.g., high versus low barrier rooms) that can influence 

behavior.

5. Mice obtained either from a commercial vendor or generated from another 

laboratory should be acclimated to the laboratory environment both to recover 

from shipping stress as well as to ensure they become entrained to the new 

laboratory environment, which has been reported to take at least 5 days (Obernier 

and Baldwin, 2006).

6. Animals should be housed for validation studies similar to the manner in which 

future experimental studies will be carried out in order to establish consistent 

operating procedures. Behavioral responses can vary with housing density. Mice 

housed together in groups or pairs establish dominance hierarchies that may also 

contribute to variability across certain behavioral assays (e.g., social behavior). 

In some strains, excessive fighting, particularly in males, may require the need to 

separate subjects from the initiation of a testing battery so as to minimize having 

to remove them or treat them during a study. Assay validation under different 

Rizzo and Silverman Page 8

Curr Protoc Mouse Biol. Author manuscript; available in PMC 2018 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



housing densities may be required to understand whether housing density is a 

contributing variable to the behavior. It has been reported that housing density 

influences social and anxiety-like behaviors dependent upon whether subjects are 

housed individually, group housed within mixed genotypes, or housed within 

same genotype groups (Yang et al., 2011).

7. Genotypes should be blinded to minimize any potential for bias. To ensure 

randomization and counterbalancing, subject identifications can be associated 

with “A,” “B,” or “C” as coded genotype, and blinding should be maintained 

until data analysis has been completed.

8. Considerations should be made for handling procedures and cage changes prior 

to behavioral testing. In general, behavioral experiments should not be conducted 

on the day of a cage change. Depending on the behavioral test (e.g, social or 

repetitive behavioral assessments), a minimum 3-day interval between a cage 

change and the behavioral test is recommended. During tests that require daily 

assessments such as the Morris Water Maze, cage changing over the multi-day 

assay increases variability. Importantly, the testing battery should include 

scheduled cage changes so that the data can be reproduced. Further, the manner 

in which mice are handled for cage changes by husbandry staff should be 

consistent, and the use of tail forceps is not preferred.

9. Mice will require unique identifications so as to identify each individual. Several 

methods have been used for permanent identification of mice including ear tags, 

ear notching, tail tattooing, digit notching, RFID implants, and tail labeling with 

nontoxic marker. Each have their own benefits and limitations. Digit notching is 

not preferred as this could impact motor activity and cannot be consistent across 

group housed animals. Although ear tags are easily readable, they can be ripped 

out requiring treatment. Tail tattooing and subcutaneous implants have risk, 

although minimal of inflammatory responses which may or may not impact 

behavioral outcomes. Ear notching is the most common, although it requires 

training. Regardless of the method used for permanent identification, any of 

these procedures should be done prior to the start of behavioral testing, leaving a 

sufficient amount of recovery period (e.g., 1 week). Further for consistency, all 

subjects within a cohort should receive the same type of identification and the 

identical handling procedure.

10. For compound testing experiments, test subjects should be drug-naïve mice so as 

to avoid any drug tolerance that may occur with repeated dosing.

Environmental Considerations

1. Temperature, humidity, type of bedding, and lighting levels in the housing room 

and testing rooms should be in accordance with IACUC. Variables such as 

environmental enrichment and background music in housing rooms should be 

described. Presence of and type of enrichment (i.e., foraging and nesting 

materials, huts, tubes) is a variable and should be made consistent across the 

cohort of test subjects.
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2. Details of the light:dark cycle and time of day with respect to lights on:off, 

whether testing was conducted under an inverted light cycle, or whether testing 

was conducted under red lights should be reported. Behavior can vary with 

respect to time of day with higher activity levels closer to or during the dark 

cycle. Counterbalancing representative samples from each treatment/sex/

genotype may be required across multiple days if the experiment requires an 

extended amount of time to complete. Importantly, subjects of a single group 

should not all be tested at the same time but rather should be randomized and 

counterbalanced across the entire testing period.

3. Lighting levels should be standardized for individual tests dependent on the 

specific environmental requirements of the behavioral test and for consistency; 

levels should be detailed as part of the testing protocol and published methods. 

Commercially available lux meters to measure lighting levels and decibel meters 

to measure sound levels can be readily purchased. A lux meter should be used to 

measure lighting in the testing environment and, once established, should be 

maintained for each assay as part of its protocol. Ambiguous terms such as 

“dim” or “high” should not be used; instead specific lux/lumen levels should be 

reported as well as the type of lighting (i.e., fluorescent, LED). If possible during 

facility design, dimmable lighting with on/off controls that are not directly 

overhead is preferred. Direct ceiling lighting often contributes to glare issues 

when automated tracking or video recording is being used.

4. Background noise should be recorded with a commercially available sound meter 

and maintained consistent as part of the testing protocol. Commercially available 

white noise generators can be purchased to maintain a consistent background 

noise level which helps to eliminate disruptions from random noise in adjacent 

testing areas. Typical background noise levels of <70 dB are appropriate.

5. Disruptions to the housing environment should be minimized, and any disruption 

to the environment during testing should be recorded. Phones should be silenced, 

and appropriate “Do Not Enter” signage should be posted on procedure room 

doors to eliminate unnecessary disruptions. Additional engineering controls, 

including minimizing clicking of doors as they are opened or closed and ticking 

of the secondhand of clocks, should be eliminated so as not to serve as disruptive 

audio stimuli during sensitive behavioral testing. Only timers and stopwatches 

with silence fea-tures should be used when required during the test. 

Alternatively, the audio feature on most stopwatches and timers can be easily 

removed (Yang et al., 2011).

Behavioral Testing and Tracking Equipment

1. Behavioral testing equipment can be purchased from a variety of commercial 

vendors or can be fabricated by skilled craftsman. Details of equipment 

dimensions and vendor information should be reported inclusive of the material 

used for fabrication and color. This includes detailing “custom made” objects or 

visual cues for which dimensions and photos should be provided in the methods 

section of the protocol and may be critical to reproducing the data. Selection of 
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equipment and fabrication material is an important consideration. While acrylic 

is an inexpensive material that is often used to fabricate behavioral testing 

arenas, it is highly susceptible to scratches and cracking due to repeated exposure 

of concentrated ethanol solution which is typically used as the sanitizing agent 

between subjects; therefore polycarbonate is a better alternative. When mice of 

varying coat colors are being tested, automated or video tracking may necessitate 

a change of background color for contrast. To minimize this, infrared reflecting 

background systems paired with infrared cameras can be purchased that 

eliminate the additional variable of background color and also minimize video 

glare.

2. Behavioral tracking software can be purchased from any number of vendors that 

specialize in mouse behavior tracking. While in theory behavioral tracking 

software should help facilitate experiments and minimize the additional stimulus 

of the experimenter in close proximity to the test subjects, it is important to 

ensure that the behavior being evaluated is what is precisely being captured by 

the software. For example, various background strains of mice vary in their 

swimming behavior in the forced swim test. Specifically, obese mice, although 

not actively swimming, tend to bob from side to side and these data might be 

calculated as swimming time on an automated system that was calibrated for 

swimming and immobility behaviors in a non-obese strain (e.g., C57BL/6J). 

Therefore, time and resources should be allocated to calibrate the automated 

tracking software, ensuring it is capturing the desired behavior precisely, in line 

with direct observations from more than one trained observer. Adjustments to the 

tracking software can then be employed as required, if such capabilities are 

available. It is suggested that a correlation or statistical proof of accuracy be 

included in the laboratory’s first publication of the automated measurement for 

validation.

3. Visual cues may be required for certain tests or may need to be eliminated to 

avoid extra-maze or unintended visual cues including the visual presence of the 

experimenter. The selection of specific visual stimuli for certain behavioral tasks 

(i.e., recognition memory) may require pretesting to ensure the cues are salient 

and that there is not a bias or preference for one cue over another. In studies of 

recognition memory where multiple visual cues are used, cue bias can be 

minimized by counterbalancing the presentation of the visual cues across 

subjects within a treatment group (i.e., odd numbered subjects are assigned cue 

A as correct while even numbered subjects are assigned cue B as correct). To 

minimize extra-maze visual cues, a curtain can be used to surround the perimeter 

of the testing equipment which would also eliminate the visual presence of the 

experimenter moving around the testing room during the observation period.

Test Compounds

1. Drugs should be procured in powder form instead of prepackaged solutions for 

which the vehicle constituents may be undisclosed. For example, diazepam is a 

standard anxiolytic-agent that can be used to demonstrate anxiolytic-like effects 
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in mice. Use of the clinical compound Valium in its prepackaged liquid form, 

however, is in a formulation of undisclosed constituents. Therefore it is 

recommended that research grade diazepam powder be procured and formulated 

with known and behaviorally acceptable vehicles. In general, all compounds 

should be formulated fresh daily unless storage conditions in the absence of 

preservatives are well established, and, importantly, caution should be taken in 

preparing compounds with unknown or high instability (i.e., peptides) as even 

mild vortexing can degrade the compound.

2. Drug concentrations should be calculated as the active compound relative to the 

percentage of the molecule that is inactive or a salt molecule (% active moiety) 

and accurately reported (Sukoff Rizzo, 2016). Details of how the drug was 

formulated—including how much drug was weighed, the volume of the diluents, 

requirements for heating (and the specific temperature), and vortexing or mixing 

requirements—are all important details that should be recorded, as well as 

whether the drug was in solution or dosed as a suspension and the pH of the 

concentration dosed including any requirements for titrating with acid or base to 

facilitate solubility.

3. Many reagents used as excipients for formulating test compounds in vehicle may 

produce unexpected behavioral effects even in the absence of the test compound, 

depending on concentration used. Considerations should be made for pretesting a 

novel vehicle for unexpected behavioral effects prior to testing the drug (Castro 

et al., 1995; Lin et al., 1998; Colucci et al., 2008; Rivers-Auty and Ashton, 

2013).

4. Prior to initiating dosing, subjects should be randomized and preassigned to a 

treatment group with careful attention to counterbalancing treatment groups 

across test observations and days. A second technician familiar with the study 

but not responsible for conducting the observations should assist with the 

blinding of the drug vials. Blinding of drug vials can be facilitated similar to the 

simple letter coding used to blind for genotype (e.g., “A,” “B,” “C,” “D”).

METHODS

Acclimation to the Testing Environment

1. Test room conditions should be set prior to introducing the subjects into the 

testing environment for the day (see Environmental Considerations). If space 

permits, an ante room for acclimation and a separate room for dosing are 

optimal. Both areas are separate from the behavioral testing room, but adjacent 

such that they do not require extensive moving of the mice for dosing and 

testing. Tests that use audio cues, for example, require acclimation in an 

anteroom or space outside but immediately adjacent to the testing room in order 

to prevent the test subjects from acclimating to the test stimuli prior to testing.

2. Prior to the initiation of the acclimation period, mice should be briefly handled 

(to ensure they are healthy prior to being tested) and weighed if the procedure 
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requires body weight or if dosing will be conducted. Body weights should be 

recorded for individual mice prior to dosing and should not be recorded as a 

mean for the cage or recorded the night before the test.

3. Test subjects should be left undisturbed for 60 min prior to testing in order to 

acclimate to the testing environment.

Experiment Timing

1. A spreadsheet which maps out the precise timing of the experimental events of 

the test should be created before the start of each test which identifies the precise 

dose time, the start and end time of each subject’s observation, the time to clean 

the equipment between subjects, and the dose time and evaluation times of the 

next sequential test subjects. A notes section should also be provided to add 

important documentation that should be noted (i.e., bad injection, noise 

disruption during trial) which can help identify any spurious data during the 

analysis. The pretreatment time for individual animals should be carefully 

planned as well as the timing required to clean the testing environment between 

subjects. Dosing of a test subject should be avoided during the recording of 

another test subject so as to avoid altering behavior in response to disruptions 

induced by movement of cages or vocalizations associated with restraint.

2. Separate needles and syringes should be used for each test subject. Labeling and 

prefilling of syringes ahead of the start of the experiment are recommended to 

minimize errors during the actual testing period when a high level of 

multitasking is required (i.e., dosing, cleaning, observing). However, if the drug 

is a suspension, the syringes should not be prefilled as settling could occur. In 

these cases, it may be important for the drug to remain on a stir plate to maintain 

the suspension, and syringes should not be filled until immediately prior to 

dosing.

Behavioral Testing

1. How the animal is introduced into the testing apparatus is a critical detail of the 

experiment and should be documented as part of the protocol. The test subject 

should consistently be placed in a similar location within the test apparatus (i.e., 

“facing the center”), and this should be noted as part of the standard procedure.

2. During the observation period, all distractions should be minimized, and any 

disruptions should be recorded on a run sheet. If more than one mouse is being 

tested simultaneously in adjacent equipment, the technician should wait until the 

session has completed for all test subjects prior to removing individual subjects 

so as to avoid any noise disruptions from equipment movement.

3. The method of how the test subject is treated at the completion of the observation 

should be recorded. At the conclusion of the test, mice can either be returned to 

their home cage or an alternate holding cage until all cage mates have completed 

the task. Considerations should be made for returning test subjects back to a 

group setting at the conclusion of testing, or rather test subjects may be placed in 
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a separate holding cage until all cage mates have been completed testing. For 

example, in a group housed setting when treatments are randomized within a 

cage and a drug induces a behavioral effect (e.g., hyperactivity) which could 

result in arousal of their acclimating cage mates, then an alternate post-testing 

holding arrangement should be considered as may also be considered during the 

pretreatment period.

4. Between test subjects, urine and fecal boli should be removed from the testing 

apparatus, and a sanitizing agent that minimizes odors (e.g., 70% ethanol) should 

be generously applied to eliminate scent cues. The testing apparatus should be 

allowed to dry prior to placing the next subject into the apparatus.

DATA ANALYSIS

1. Data should be presented and analyzed as raw values and illustrated in graph 

form with the distribution of the data points if feasible.

2. An appropriate statistical analysis should be chosen based on the data generated. 

Typically an ANOVA is used to analyze the data for drug screening studies for a 

single behavioral endpoint with multiple doses (dose-response curve) with an 

appropriate post hoc test (e.g., Dunnett’s post hoc test with vehicle as control). 

Genotype × drug × sex usually needs a Tukey test for highest stringency.

3. Assessment of multiple time points may require a two-way repeated measures 

ANOVA as treatment × time (e.g., activity in the open field recorded as 5 min 

time bins over the course of an hour). If multiple data points are being generated 

and analyzed, then the analysis and presentation of the data should reflect the 

multiple points (i.e., time course as opposed to a single time point).

4. The technician should only be unblinded after the data have been analyzed.

5. Negative findings should be disclosed in addition to positive data.

SUMMARY

Behavioral phenotyping and psychopharmacology are sciences that require highly 

specialized levels of training. The experimental rigor and standards are beyond those of most 

simple biological wet lab bench assays. The present article provides a pragmatic outline for 

establishing behavioral phenotyping and testing tailored behavioral batteries in the 

laboratory as well as guidelines for the training of investigators and technical staff. Our 

article highlights the previously undescribed and under-reported specific details that are 

fundamental to execute behavioral assays in a manner that is sensitive to detect subtle 

behavioral changes. Moreover, these methods, if conducted properly, should yield 

reproducibility and reliability both in intra- and interlaboratory environments.
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Figure 1. 
The pillars of reproducibility. The overarching goal of reproducibility can be achieved by 

developing a rigorous experimental design that takes into consideration the applications of 

blinding, randomization, counterbalancing, suitable sample sizes, and the inclusion of 

appropriate controls. It is supported by highly trained technical staff with demonstrated 

proficiency at conducting the assays.
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Table 1

Commercially Available Reagents That Can Be Used to Demonstrate Assay Validation and Technician 

Proficiency for Behavioral Testing and Identification of Abnormal Behaviors in Mice

Behavior Commercially available positive control 
reagents

Assay(s) References

Antidepressant-like
effects

Fluoxetine, imipramine, desipramine Forced swim test; tail 
suspension test

Cryan et al. (2005);
Castagne et al. (2009)

Depressive-like
effects

LPSa, IL-6; mouse models: MRL, LPR Forced swim test; tail 
suspension test

Dunn and Swiergiel 
(2005); Sukoff Rizzo et 
al. (2012)

Anxiolytic-like
effects

Diazepam, alprazolam, chlordiazepoxide Elevated plus maze, elevated 
zero maze, stress-induced 
hyperthermia, light-dark, 4-
plate conflict assay (Vogel, 
Geller-Seifter)

Shepherd et al. (1994); 
Griebel et al. (2000)

Anxiogenic-like
effects

FG7142, mCPPb; mouse strains:
BALBc/J relative to C57BL/6J

Elevated plus maze, elevated 
zero maze

Griebel et al. (1991); 
Shepherd et al. (1994); 
Rodgers et al. (1995); 
Crawley et al. (1997)

Nociceptive
behavior

Morphine Hot plate, Von Frey Mogil et al. (1996)

Social behavior deficits Amphetamine,
MK-801; mouse strains: BTBR relative to 
C57BL/6J

3-chamber social approach, 
reciprocal social interaction

Silverman et al. (2012); 
Moy et al. (2013)

Induction of repetitive 
behaviors

Oxytocin; BTBR mice Repetitive grooming Meisenberg and 
Simmons (1982); 
Silverman et al. (2012)

Repetitive jumping behavior C58/J mice Repetitive jumping Silverman et al. (2012)

Motor alterations
(hypoactivity,
ataxia)

Ethanol Rotarod, gait, grip strength Crabbe et al. (2005)

Cognitive
impairment

Scopolamine, MK-801 Water maze, novel object 
recognition, novel spatial 
recognition, spontaneous 
alternation, hole board 
learning, contextual fear 
conditioning, operant/ 
touchscreen tasks

Klinkenberg, and 
Blokland (2010); Brown 
et al. (2014)

Pre-pulse inhibition Amphetamine,
MK-801, apomorphine; mouse strains:
C57BL/6J relative to C57BL/6N

Pre-pulse inhibition of 
acoustic startle

Varty et al. (2001); 
Simon et al. (2013)

Hyperactivity Amphetamine Open field Ralph et al. (2001); Varty 
et al. (2001)

Head twitch
DOI

c SHIRPA, Irwin Screen Darmani et al. (1990)

Straub tail Morphine; 8-OH-DPAT SHIRPA, Irwin Screen Nath et al. (1994); 
Yamada et al. (1988)

Tremor oxotremorine SHIRPA, Irwin Screen Ding et al. (2010)

Piloerection LPSa SHIRPA, Irwin Screen Dunn and Swiergiel 
(2005)

Seizure PTZd SHIRPA, Irwin Screen Yonekawa et al. (1980)

Forepaw treading 8-OH-DPAT SHIRPA, Irwin Screen Yamada et al. (1988)

Ptosis Reserpine SHIRPA, Irwin Screen Bourin et al. (1983)

Serotonin syndrome 8-OH-DPAT Serotonin syndrome, Irwin 
Screen

De Aceto et al. (1969); 
Yamada et al. (1988)

Curr Protoc Mouse Biol. Author manuscript; available in PMC 2018 July 20.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rizzo and Silverman Page 21

a
LPS = lipopolysaccharide.

b
mCCP = meta-chlorophenylpiperazine

c
DOI = 1-(2, 5-dimethoxy-4-iodophenyl)-2-aminopropane.

d
PTZ = pentylenetetrazol.
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Table 2

Potential Confounds Associated with Behavioral Assays and Methods for Assuring Appropriate Interpretation

Assay Confounding/masking
behavior

Assurance of phenotype

Contextual fear conditioning and 
other assays requiring shock 
stimuli

Hyperactivity, insensitivity to shock level 
(analgesia)

Titrate shock levels for independent genotype. Check 
activity levels (hyperactivity).

Repetitive behaviors (i.e., 
grooming, marble burying test)

Hyperactivity, sedation, hypoactivity, ataxia Confirm lack of motor alterations in alternative test (e.g, 
open field, rotarod)

Water maze (cognition assays 
requiring visual cues)

Visual impairments, hyperactivity Confirm intact vision in test subjects.
Confirm absence of motor alterations (e.g., swim speed).

Learning and memory requiring 
food restriction

Low performance due to inadequate 
restriction (low motivation)

Match subjects for % reduction in body weights due to 
restriction, relative to pre-restriction

Pre-pulse inhibition of the 
acoustic startle

Hypoactivity, hearing impairment, seizure 
activity

Confirm absence of motor differences and intact hearing. 
Ensure drug or phenotype is not inducing seizure.

Forced swim test, tail suspension 
test

Hypoactivity,
hyperactivity

Increased immobility due to hypoactivity/sedation or 
reduction in immobility due to hyperactivity

Tail suspension test Tail climbing, hind limb clasping Visually confirm no tail climbing and exclude tail 
climbers

Social behavior Anxiogenic activity,
hyperactivity,
hypoactivity

Confirm no alterations in distance traveled. Confirm no 
alterations in anxiety phenotype.

Nociception (hot plate, Von
Frey)

Hyperactivity, hypoactivity, sedation Increased activity would confound the ability to test for 
sensitivity to the stimulus. Hypoactivity may reduce the 
reactivity to the stimulus and confound its interpretation. 
Confirm lack of hyperactivity in alternative test (e.g, open 
field, rotarod).

Elevated plus maze, elevated zero 
maze, light/dark test

Hyperactivity, hypoactivity, sedation, ataxia Confirm no differences in total entries and/or distance 
traveled. Confirm lack of ataxia in alternative test (e.g, 
rotarod).

Novel object recognition Anxiety, neophobia,
hyperactivity,
hypoactivity

Ensure no issues of neophobia by pre-assessment of 
object salience and lack of object bias in independent 
cohorts which may vary across genotypes. High levels of 
anxiety and altered motor activity confound the 
interpretation of this test.

Grip strength Significant differences in body weight Force measurements should be normalized to body weight

Rotarod Hyperactivity, ataxia, body size Confirm absence of motor differences. Normalize for 
body weight as a factor.
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