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Abstract

Autism is diagnosed by three major symptom categories: unusual reciprocal social interactions, 

impaired communication, and repetitive behaviors with restricted interests. Direct social approach 

in mice has strong face validity to simple social approach behaviors in humans, which are 

frequently impaired in autism. This unit presents a basic protocol for a standardized, high-

throughput social approach test for assaying mouse sociability. Our automated three-chambered 

social approach task quantifies direct social approach behaviors when a subject mouse is presented 

with the choice of spending time with either a novel mouse or a novel object. Sociability is defined 

as the subject mouse spending more time in the chamber containing the novel target mouse than in 

the chamber containing the inanimate novel object. The Basic Protocol describes procedures for 

testing one subject at a time in a single apparatus. A Support Protocol addresses data collection.
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INTRODUCTION

Abnormal reciprocal social interactions, which include low interest in peers, difficulty in 

maintaining social interaction, and failure to communicate effectively using nonverbal facial 

and gestural expressions, are central to the diagnosis of autism spectrum disorders 

(American Psychiatric Association, 1994; Lord et al., 2006; Lord and Bishop, 2009). Mouse 

models with strong face validity to the diagnostic symptoms provide essential tools for 

studying basic genetic and environmental causes of autism, and for developing treatment 

strategies. Mus musculus is a social species that exhibits a rich repertoire of social 

behaviors. Social behaviors in mice are important for forming bonds, foraging, defending 

territories, avoiding predators, and reproducing successfully (D’Amato and Populin, 1987; 

Laviola and Terranova, 1998; Moles and D’Amato, 2000; Branchi et al., 2001; Hurst et al., 

2001; Miczek et al., 2001; Winslow, 2003; Kavaliers et al., 2006; Crawley, 2007a,b; 

Panksepp et al., 2007; Arakawa et al., 2008). Mice have a natural tendency to approach and 

investigate unfamiliar conspecifics, much like the way a person would greet a stranger. A 

person with autism often avoids interacting with a stranger, either withdrawing when 

approached or remaining aloof. Therefore, low social approach in mice represents an 

endophenotype with a reasonable analogy to the types of social deficits that characterize 
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autism (Crawley et al., 2007; Silverman et al., 2010b; Yang et al., 2011b). We have 

developed equipment and methods that provide a relatively rapid screen for impaired 

sociability in mouse models of autism (Crawley, 2004; Duncan et al., 2004; Nadler et al., 

2004; DeLorey et al., 2008; Jamain et al., 2008; Ryan et al., 2008; Nakatani et al., 2009; 

Page et al., 2009; Radyushkin et al., 2009; Yang et al., 2009,2011a; Ehninger et al., 2010; 

Silverman et al., 2010b; Defensor et al., 2011; Hamilton et al., 2011; Silverman et al., 2011). 

The Basic Protocol in this unit presents methods for testing mouse social approach behaviors 

using our automated three-chambered social approach task (Nadler et al., 2004; Moy et al., 

2007, 2008b; Yang et al., 2009, 2011a; Silverman et al., 2010a,b). The Support Protocol 

addresses data collection.

AUTOMATED THREE-CHAMBERED SOCIAL APPROACH TASK

BASIC PROTOCOL

The automated three-chambered social approach task was developed in 2004 and has been 

widely employed as a standard test for assaying sociability in mice. Sociability is defined as 

the subject mouse spending more time in the chamber containing the novel mouse than in 

the chamber containing the inanimate novel object. A second corroborative measure is time 

spent sniffing the novel mouse versus time spent sniffing the novel object, which measures 

direct social interactions. Number of transitions across chambers offers a built-in control 

measure of exploratory locomotion (Crawley, 2007b, 2008; McFarlane et al., 2008; Moy et 

al., 2008b, 2009; Yang et al., 2009, 2011a; Silverman et al., 2010a,b). See the Support 

Protocol for information about collecting these data.

The three-chambered apparatus was originally designed by Nadler, Moy, Dold, Trang, 

Simmons, Perez, Young, Barbaro, Piven, Magnuson, and Crawley at the University of North 

Carolina and National Institute of Mental Health (Nadler et al., 2004). The apparatus and 

software are commercially manufactured and available from Dold Labs and Engineering. 

Similar but not identical equipment is commercially available from other sources such as 

Ugo Basile and Stoelting.

Materials—Subject mice: e.g., C57BL/6J (B6) and FVB.129P2-Pde6b+ Tyrc-ch/AntJ (FVB/

AntJ) adult mice (The Jackson Laboratory) or C57BL/6N and FVB/NJ (e.g., Charles River 

Laboratories or Taconic Farms) between 8 weeks and 6 months of age (see Critical 

Parameters)

Target mice (novel mice): e.g., 129/SvImJ adult mice (The Jackson Laboratory) between 8 

weeks and 6 months of age, preferably of the same sex and approximate body weight (within 

5 g) as the subjects (see Critical Parameters)

Odorless mild dish soap and long-handled dish sponge

70% (v/v) ethanol in labeled spray bottle

Tap water in labeled spray bottle

Test room, with minimal cues visible to the subject
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Two (or more) gooseneck desk lamps with incandescent 75-watt light bulbs

Lux meter (Fisher Scientific)

Automated three-chambered social test apparatus: e.g., Crawley automated three-chambered 

social approach apparatus for mice, hardware and software [(Fig. 8.26.1; Dold Labs and 

Engineering; (830)560-1471, doldglabeng@earthlink.net, doldonics@comcast.net)]; Ugo 

Basile, cat. no. 46503; Stoelting, cat. no. 60450

Computer (Dell desktop, or similar PC) with software provided by the manufacturer of the 

automated three-chambered social test apparatus (Dold Labs and Engineering)

Automated video tracking systems, optional (e.g., see www.noldus.com/animal-behavior-

research/solutions/research-small-lab-animals/sociability-test; Page et al., 2009)

Heavy-duty utility paper towels

Cameras (preferably CCTV security cameras, e.g., Panasonic WV-CP280) with mounting 

bracket

DVD recorder (if recording with CCTV cameras) TV monitor (if recording with CCTV 

cameras) Video cables

BNC and RCA connectors

Blank DVDs

Standard mouse group-housing cages

Marking pen (dark), and (if preferred) paw tattoos, ear punches, ear tags, or subcutaneous 

transponders

Paper tube or small cup (for transporting mouse)

Soft facial tissues

3.8-cm bottom diameter, rust-proof/rust-resistant, noncorrosive, steel wire pencil cups (e.g., 

see http://www.kitchen-plus.com; Fig. 8.26.1)

Holding area: dedicated room or quiet area near the testing room

Index cards and broad tip markers

Stopwatches without beepers or with beepers silenced (See Fig. 8.26.2)

Plastic drinking cups filled with small heavy objects (to place on top of the inverted wire 

pencil cups)
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NOTE: All protocols using live animals must first be reviewed and approved by an 

Institutional Animal Care and Use Committee (IACUC) and must follow officially approved 

procedures for the care and use of laboratory animals.

Perform pretest preparations

1. Set up the room environment to minimize visual, olfactory, and auditory cues.

It is critical to conduct the three-chambered task in a room environment that is 

symmetrically balanced. The goal is to avoid introducing an innate side preference. 

Salient room cues, uneven illumination, and lingering odors could cause the subject to 

prefer certain parts of the apparatus. Therefore, it is important to keep the room setup 

plain and symmetrical, and the lighting even.

To minimize room cues that are visible to the subject, place the three-chambered 

apparatus on a table, and store supplies under the table or on utility carts that are lower 

than the table. What the subject sees when it is in the apparatus should be just the 

ceiling and plain walls. If for practical reasons there is no way to make the room plain 

and symmetrical, a simple solution is an environmental chamber, or a portable enclosure 

to shield the apparatus. Use odor-resistant materials such as Plexiglas or acrylic plastic. 

In addition to balancing visual cues, caution needs to be taken to avoid auditory 

distractions. It is advisable to conduct the experiment in a quiet room.

When first setting up a new testing room, side preferences are evaluated during the 

habituation phase of the task (steps 15 and 16). Corrections in room configuration and 

lighting are then made, until the group of mice displays no side preference.

2. Adjust the illumination, keeping the lighting dim and even, especially in different 

parts of the apparatus. For example, position two gooseneck desk lamps, one on each 

side of the room. For large rooms, place one light in each of the four corners of the 

room. Turn the lamp shades upward so that the bulbs are facing the ceiling. Never point 

the light source directly towards the apparatus.

NOTE: Standard fluorescent ceiling lights tend to be too bright for most behavioral 

experiments, including the three-chambered task.

3. Use a hand-held lux meter to check lighting in the three chambers of the automated 

three-chambered apparatus.

The two side chambers should read 5 to 6 lux. The difference between the two chambers 

should be < 1 to2 lux.

4. Before testing the first subject each day, wipe down the bottom and side walls of the 

clean apparatus as you would between tests with different animals (steps 29 to 32), first 

with paper towels moistened with 70% ethanol and water, and then with paper towels 

moistened with tap water. Dry with paper towels, and allow to air dry for 5 min before 

testing.

This procedure ensures that the odors in the apparatus are the same across subject mice. 

The apparatus should always be thoroughly washed with soap and water at the end of 

the day’s testing (see steps 33 and 34) and kept clean and dry when not in use.
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5. Set up the video recording device with the following essentials:

CCTV or other analog or digital camera

Mounting bracket

DVD recorder

TV monitor

Video cables

BNC and RCA connectors

Blank DVDs.

Video recording of the experimental session is a good way to permit later 

comprehensive analysis.

Alternatively, videos could be digitized with a digital video converter and saved to a 

high-capacity computer drive, thus eliminating the need for a DVR and DVDs.

6. Minimize visual obstruction that could interfere with video analysis by placing the 

video camera above the apparatus. In addition, make sure there are no loose cables or 

wires dangling anywhere.

Coiled cables and wires may distract the mouse.

Prepare animals for the experiment

7. When animals arrive in the facility, transfer them to standard cages immediately. Do 

not mix adult males from different shipping compartments in the same cage.

Group housing can consist of two, three, or four mice per cage.

It is best not to mix adult males from different shipping compartments since unfamiliar 

adult males could be very aggressive toward one another (see Critical Parameters).

8. Allow the animals to acclimate to the facility for at least 1week before testing them, 

if using mice purchased from a commercial supplier.

We have obtained similar results in mice bred in-house and tested between 8 weeks and 

6 months of age (Moy et al., 2004).

9. Mark subject mice in advance for identification, using dark pen markings on the tail 

or fur, paw tattoos, ear punches, ear tags, or subcutaneous transponders.

All of these marking methods are equally effective (see Ayadi et al., 2011).

Those who conduct the experiment should be able to interpret the identifying marks 

correctly, but should be blind to genotype and/or treatment information.

Train target mice

10. Habituate target mice (those to be used as novel mice) to the inverted wire cup and 

Plexiglas chamber in advance of experiments. For each training session, place the target 
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mouse in a clean wire pencil cup and invert the cup into one side chamber. Repeat for a 

total of either three 10-min sessions or two 15-min sessions.

It is important that all mice used as novel target mice behave in a consistent and docile 

manner (i.e., with minimal exhibition of aberrant behaviors, agitation, or signs of 

aggression).

Multiple animals can be trained at the same time, provided adjacent cups are separated 

by several inches of space.

The small size of the wire cup (3.8-cm bottom diameter) ensures that the subject is 

always close to the novel mouse when it (the subject) moves around the cup. The space 

between the bars of the cup is large enough to permit visual, olfactory, acoustic, and 

some tactile signals to transmit through, yet small enough to prevent direct physical 

interactions.

11. IMPORTANT: Do not walk away while training target mice. Watch for behaviors 

that are potentially disruptive, such as bar-biting, excessive self-grooming, circling, or 

clinging to the side bars with all four paws.

In most animals, these behaviors decline quickly as training progresses. Animals that 

continue to show high levels of one or more of these behaviors after 30 min of training 

should not be used as a novel mouse. Approximately 75% of animals usually pass the 

training criteria.

Trained mice should be used only as novel mice and for nothing else.

Trained mice can be used many times over several weeks, and twice a day, but refresh 

your stock of novel mice every 2 months, or more often if the experimental load is 

heavy.

12. To avoid cross-contamination, label each cup with its dedicated function (e.g., ♂ 

novel mouse, ♂ novel object, ♀ novel mouse, and ♀ novel object). Keep cups for 

different uses in separate stacks.

Acclimate subject mice—The following steps (i.e., acclimation and phases I, II, and III) 

take place on the same day.

13. Transport animals in their home cages from the facility housing room to the 

behavioral testing area. Allow subject mice to rest for at least 1 hr after transportation, 

to acclimate to the room and help the animals recover from mild stress induced by 

transportation. Keep subject mice in a dedicated room or a quiet area nearby for as long 

as it takes to finish all experiments for the day.

IMPORTANT NOTE: Do NOT keep subject mice and target mice in the same room at 

any time. It is advisable to keep subject mice in the dedicated room or quiet area 

mentioned above, and target mice in the corridor outside the experiment room. If 

subject mice and target mice are housed in the same facility housing room, make sure 

that their cages are placed far apart, preferably on different racks.

Yang et al. Page 6

Curr Protoc Neurosci. Author manuscript; available in PMC 2016 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Phase I: Habituate subject mice to the center chamber—This phase is the first 10-

min session of the actual experiment. See the Support Protocol for information about data 

collection in the experiment.

14. Close the two doorways in the chamber, walk to the holding area where subjects are 

kept, carefully pick up a subject mouse from a cage, preferably using a small container 

(e.g., a small cardboard tube or paper cup), and transport it to the experimental testing 

room.

When taking one subject mouse out for testing, be careful to avoid disturbing the mice 

that remain in the cage. Do not chase animals around with your hand, but gently pick up 

any mouse that happens to come near. It is OK to transport the subject in a paper tube, 

in a cup, on your lab coat sleeve, or in a clean cage.

IMPORTANT: Do NOT dangle the subject by its tail when walking towards the 

apparatus, as hanging by the tail is a stressor for mice.

15. With the two doorways closed, place the subject in the center chamber. Move to a 

corner where you are unlikely to be seen by the subject mouse. Remain quiet during the 

10-min period.

It is usually not necessary to video record this habituation session. Remote monitoring 

with the observer out of the testing room is an option.

Phase II: Habituate mice to all three chambers

16. To video record this phase, prepare an information card that shows date, time, test 

session, and animal identification or code.

17. Press the record button on the recording device, flash the information card to the 

camera for a few seconds, put down the card, open the doorways gently, and start the 

social approach equipment. Remain quiet in the corner, far side of the room, or outside 

the room.

IMPORTANT: In our laboratory, we conduct the habituation phase by placing the 

subject mouse in an entirely empty apparatus, with no empty wire cups present. This 

ensures that the test session offers the subject mouse a choice between a novel mouse 

and a novel object, NOT a choice between a novel mouse and a familiar object.

18. After 10 min, stop the session, and stop video recording.

Chamber time data (see Support Protocol) from Phase II provide read-outs that confirm 

whether room cues are well balanced. One needs to confirm a lack of side-preference 

(i.e., that subjects spend approximately the same amount of time in the two side 

chambers) before proceeding with more experiments.

Phase III: Test for sociability

19. Confine the subject to the center chamber before the novel object and the novel 

mouse are introduced to the side chambers. Use one hand to guide the subject to the 

center chamber and gently shut both doorways.
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Be patient. Do not pick the animal up by the tail or otherwise force it to the center 

chamber.

20. Using clean gloves, take a clean empty wire cup, and place it bottom up, in one side 

chamber, ideally in the middle of the chamber, between the doorway and the side wall, 

as shown in Figure 8.26.1.

21. Take a wire cup dedicated to holding the novel mouse, walk to a cage holding the 

target (novel) mice, pick out one mouse, place it in the cup, and close the cage lid.

22. Walk back to the apparatus with the novel mouse in hand, and invert the cup into the 

other side chamber.

23. Take two weighted plastic drinking cups, and place one on top of each of the two 

inverted wire cups to prevent subject mice from standing on the top.

24. Start video recording, and immediately open both doorways simultaneously. Return 

to the corner or leave the room quickly and quietly.

To avoid contaminating the novel object with animal odors, always position the novel 

object before the novel mouse. If the novel mouse clings to the wires as you invert the 

cup, gently pull its tail to help it come down.

IMPORANT NOTE: If sniff time is scored live by an investigator using stopwatches, 

make sure to use stopwatches that that do not beep. Silence beeping stopwatches by 

removing an internal metal part, as illustrated in Figure 8.26.2.

25. After 10 min, stop the video recording and stop the social approach session.

26. Use a paper tube or small cup to pick up the subject. Remove the novel mouse and 

mark its tail with permanent marker.

It is difficult and stressful to catch the subject by the tail. Picking up the mouse with a 

paper tube is much easier.

Each novel mouse can be used twice a day, with some break in between. Marking the 

target mice is a strategy to avoid using the same novel mouse twice in a row.

27. Record videotape/DVD and animal information in a notebook, including:

Sniff times (for scoring methods, see the Support Protocol)

Unusual mouse behavior (e.g., hyper- or hypo-locomotion, or jumping by the subject 

mouse during the experiment)

Signs of aggression or excessive repetitive behaviors

Environmental conditions (e.g., time of the day, room temperature, noises, unexpected 

interruptions, unusual incidents, and any testing errors).

These pieces of information are essential for matching chamber-time and sniff-time data 

for each subject.

Yang et al. Page 8

Curr Protoc Neurosci. Author manuscript; available in PMC 2016 June 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



28. After each subject from a given cage has been tested, put it together with other 

tested cagemates in a clean cage. After all animals from a given home cage have been 

tested, return them to their original home cage.

Care should be taken not to mix tested mice with untested cagemates, to avoid 

transmission of novel social odors that the tested mouse has acquired during the test 

session.

Phase IV: Test preference for social novelty (optional)—A fourth 10-min session 

can be added to measure preference for social novelty, although this is not as relevant to 

autism-like symptoms as sociability. After completion of the 10-min social approach test for 

sociability, a second novel mouse is placed inside the previously empty novel object cup, 

while the first novel mouse remains inside its cup. The subject mouse is then given 10 min to 

explore all three chambers. Preference for social novelty is defined as more time in the 

chamber with novel mouse 2 than time in the chamber with novel mouse 1, and more time 

spent sniffing novel mouse 2 than time spent sniffing novel mouse 1. Most mice prefer to 

spend more time near the completely unfamiliar novel mouse 2.

Preference for social novelty contains components of social recognition and social memory, 

which appear to be less relevant to the types of social deficits that define autism. Thus, the 

preference for social novelty test may be useful to investigate social recognition or social 

memory. For more information about specific methods for quantifying partner recognition 

and social memory, and as a control for the sensory ability of the subject mouse to 

discriminate social odors.

Perform post-test cleaning—Mice rely on olfactory cues to identify other animals. To 

accurately assess sociability in the three-chambered task, it is critical to clean the apparatus 

thoroughly between subjects and wash it at the end of the day. This is a point that cannot be 

overemphasized.

29. Remove visible fecal and urinary deposits using soft facial tissues to pick up visible 

deposits.

Soft tissue is absorbent and permits cleaning of hard-to-reach corners; therefore, it is 

preferred to the heavy-duty utility paper towels for picking up visible urinary spots and 

fecal boli.

30. Remove lingering odors by spraying a piece of heavy-duty utility paper towel with 

70% ethanol until it is moistened and using it to wipe the lower part of the side walls 

and the floor surface, taking care to clean all corners. Use several pieces of paper towel 

to clean all three chambers, making sure to scrub the floor where the novel mouse sat. 

Wipe underneath the two removable dividing walls, as well as the frames of the two 

openings, places where mice tend to leave body odors and urinary marks.

Heavy-duty utility paper towels do not disintegrate when wetted with cleaning 

solutions, which is useful for scrubbing the box.

Mice rear against the wall frequently, but they usually cannot reach higher than 3 in., 

unless they jump. Therefore, it is not necessary to wipe the upper parts of the walls. 
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Make sure to wipe the walls first and the bottom next; this will prevent bringing odors 

from the dirty bottom up to the relatively clean walls.

Mice tend to urinate near corners or close to the walls, so those spots need to be cleaned 

carefully.

31. After wiping the apparatus with 70% ethanol, wipe again with paper towels 

moistened with tap water to remove the lingering ethanol odor.

32. Use a piece of dry paper towel to absorb residual moisture, and air dry the apparatus 

for ~5 min before testing the next subject.

Clean equipment at the end of the day

33. Wash the apparatus with warm water and mild dish soap at the end of the day.

Remove the electronic parts, carry the apparatus to a large sink, and wash it with a long-

handled dish sponge soaked with dish soap (e.g., Ivory liquid dish soap).

A flexible hose attached to the water faucet facilitates cleaning.

34. Rinse well with warm water. Dry the apparatus with clean cloth towels or paper 

towels, and place the apparatus on a clean flat surface to air dry it overnight.

Washing with soap and water is the best way to completely remove residual odors. Do 

not use scented dish soap or plastic dish scrubbers, which leave scratch marks. Use of a 

flexible hose will make washing the apparatus easier.

35. Thoroughly wash the cups after each use with odorless dish soap and a sponge, 

making sure to clean between the wires. Rinse cups with the warm water.

36. After all the cups have been washed, dry them with clean cloth towels or paper 

towels. Lay them on a flat surface, and let them air dry overnight. Do not stack cups 

until they are completely dry.

Lingering odors on the cups could mislead the subject and thereby significantly skew 

the results. Proper cleaning and storage of the cups is vital to the success of the 

experiments.

Water makes the wire cups rust quickly, so it is necessary to wipe them dry after 

washing. To increase efficiency, prepare clean cups in the experimental room or in a 

storage room nearby. Use a set of two clean cups for testing each subject. For example, 

a minimum of 16 cups should be prepared for 8 subjects.

Instead of cleaning the cups after each subject, keep all used cups in a large container 

and wash them all together after the last subject has been tested. Do not keep used cups 

in the testing room!

DATA COLLECTION

SUPPORT PROTOCOL

Automatically measuring entries and time spent in each chamber—The time 

spent in each chamber and the number of entries into the side chambers of the three-
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chambered box manufactured by Dold Labs and Engineering are automatically measured 

using the computer software provided by the manufacturer. The chamber has pairs of 

photobeam emitters and detectors embedded across each doorway. As the animal moves 

through the doorway, it sequentially breaks and unbreaks two infrared beams. An interface 

box with an embedded real-time controller monitors beam breaks and calculates transitions 

in and out of each chamber and time spent in each chamber. At the end of phase II and phase 

III, chamber time and transition data are automatically tallied by the software. The most 

recent version of the software saves data to the computer automatically. Video tracking 

systems have also been used to score this task. Interested readers can find more information 

in Page et al. (2009), Kaidanovich-Beilin et al. (2011), and at http://www.noldus.com/

animal-behavior-research/solutions/research-small-lab-animals/sociability-test.

Scoring sniff time—Time spent sniffing the wire cup containing the novel mouse and 

time spent sniffing the novel empty wire cup can be scored either live or from recorded 

experiments, using the same basic methods. When scoring a testing session live, care needs 

to be taken to avoid making noises that could disrupt ongoing behaviors in the subject 

mouse. The experimenter should sit at least 2 meters away from the apparatus, facing the 

center chamber directly, with equal views to both side chambers, and proceed as follows: (1) 

Hold two silenced stopwatches (see the Basic Protocol, step 25 annotation, and Fig. 8.26.2), 

one in each hand, for scoring time spent sniffing each cup. (2) Watching the subject 

carefully, start the timer as soon as the mouse begins sniffing, and stop the timer promptly 

when the mouse stops sniffing. The subject mouse is considered to be sniffing the cup when 

its nose is directed to the cup and the distance between the nose tip and wire bars is 1 cm or 

less. Remember to write down the cumulative time spent sniffing before clearing the timer 

for the next session.

If test sessions are to be recorded for later scoring, make sure that both cups and the circular 

region surrounding each cup are clearly visible on the screen. An ideal strategy for achieving 

this is to videotape from above, with the camera mounted ~1.5 meter above the center 

chamber. To ensure accuracy, it is advisable for two people to practice with the same videos 

until inter-rater reliability is 95% or higher.

COMMENTARY

Background Information

Because autism is diagnosed purely based on behavioral symptoms, it follows that a mouse 

model of autism must have strong face validity to clinical symptoms. The three-chambered 

task was based on similar equipment in the behavioral neuroscience literature, modified to 

measure simple social approach in mice. While normally developing children prefer to play 

with friends, children with autism often do not approach other children, but remain alone in 

a corner, playing with a toy. The three-chambered task simulates the playground scenario by 

asking the subject mouse, “Do you prefer to spend time with another mouse or with an 

inanimate object?” Owing to its strong face validity and reliability, the three-chambered task 

has become one of the most widely used behavioral tests for studying autism-relevant 

phenotypes in inbred strains and transgenic mouse lines. In recent years, the three-
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chambered task has been used to investigate environmental and genetic hypotheses relevant 

to autism (Crawley et al., 2007; Yang et al., 2007a,b, 2008, 2009; Chadman et al., 2008; 

DeLorey et al., 2008; Jamain et al., 2008; Molina et al., 2008; Matsuo et al., 2009; Nakatani 

et al., 2009; Page et al., 2009; Zhou et al., 2009; Zhao et al., 2010 Silverman et al., 2011) 

and to test efficacies of pharmacological and behavioral treatments (Silverman et al., 2010a; 

Chadman, 2011; Yang et al., 2011a).

Employing multiple units of the three-chambered apparatus simultaneously offers high-

throughput, simple, automated, and standardized measures of direct social approach 

behaviors. Although fewer complex and nuanced differences in reciprocal social interaction 

are captured, the task is suitable as a first-line screening assay for autism-like phenotypes.

Critical Parameters

Subject mice characteristics—Subject mice are group housed mice between 8 weeks 

and 6 months of age. They do not have to be experimentally naïve. With the exception of 

highly stressful tests (e.g., learned helplessness, fear conditioning, Morris water maze), mice 

having experiences in many other low-stress tests (e.g., developmental milestones, juvenile 

social interaction, elevated plus-maze, open field exploration, light ↔ dark exploration, 

general health battery) usually display normal sociability scores in the three-chambered task 

(Crawley et al., 2007; Chadman et al., 2008; Yang et al., 2009). Retesting the same subjects 

in the three-chambered task appears to be unproblematic (Moy et al., 2004), provided that 

there is a break of several weeks between the initial test and the retest.

Sexual experiences and social isolation have strong influences on social behaviors in adult 

mice (Rawleigh et al., 1993; Koike et al., 2009; Bouet et al., 2011; Kercmar et al., 2011). To 

avoid these confounding factors, sexually naïve and group housed mice are preferred for this 

task. Episodic aggressive behaviors in the home cage are not unusual in adult male mice. It 

is better to avoid testing males that are unusually aggressive or submissive, since their social 

approach behaviors might be confounded by aggression or social anxiety.

Target mice (novel mouse) characteristics—Target mice are group-housed 129/

SvImJ adults between 8 weeks and 6 months of age, preferably of the same sex as the 

subjects. Low activity and low aggression in this strain ensure that the target mouse sits 

quietly during the test session and that all of the approach is initiated by the subject mouse. 

Other inactive strains (e.g., AJ, LP/J, 129/SvJae) could be used instead of 129/SvImJ. In our 

experience (Yang and Silverman, unpub. observ.), sociability scores are usually not affected 

by the novel mouse’s strain and/or sex. However, we prefer inactive strains because they 

continue to sit quietly in the apparatus after repeated use, and over a long period of time. A 

same-sex novel mouse is used to avoid variability related to estrous cycles. The novel mouse 

could be younger or older than the subject, as long as both animals are within the age range 

of 2 to 6 months and their body weights are within 5 grams of each other.

Chamber time and sniff time—The single most important parameter of the three-

chambered task is time spent in the two side chambers. Time spent sniffing the novel mouse 

and the novel object provides a corroborative and more specific measure of social 

investigation. The comparison between the two sides determines whether a group of animals 
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displays sociability or not. Time spent in the center chamber is shown in graphs for 

illustrative purpose only, and should NOT be included in the statistical analysis for 

sociability. Repeated Measures ANOVA or Student’s t test is used to compare time spent in 

the chamber containing the novel mouse and time spent in the chamber containing the novel 

object, as well as time spent sniffing the novel mouse and time spent sniffing the novel 

object. A simple unpaired t test is appropriate for comparing chamber time or sniff time 

within a single group. Repeated Measures ANOVA is more appropriate for large 

experiments that have multiple groups, and when sociability needs to be analyzed within 

each group, e.g., within each drug dose when several doses are tested. This is because 

Repeated Measure ANOVA avoids the type I error associated with multiple t tests. If the 

ANOVA or t test result is statistically significant, sociability is present. If the result is not 

significant, sociability is absent. Sociability is a yes-or-no phenotype, obtained by 

comparing two sides within each group. Sociability is NOT a graded parameter for 

quantitatively comparing chamber times across groups. More finegrained reciprocal 

interaction tests are needed for quantitative comparisons of social behaviors across groups.

The automated three-chambered task was originally designed to investigate simple 

sociability deficits in mouse models of autism. Positive findings are then followed up with a 

separate, more complex analysis for reciprocal social interactions (e.g., scoring dyads of 

freely moving mice on graded, quantitative parameters such as follow, crawl over and under, 

nose-to-nose sniff, and nose-to-anogenital sniff). An example of a robust mouse model of 

autism that exhibits deficits in both the three-chambered task and the reciprocal social 

interaction test is the BTBR T+tf/J inbred strain (Yang et al., 2007b, 2009; McFarlane et al., 

2008).

Number of transitions between chambers—The three-chambered task requires that 

the subject be able to move around and explore all three chambers. Inactivity is a major 

confounding factor that could interfere with the experiment and skew results. Number of 

transitions is an important built-in control parameter that could be used to measure 

exploratory locomotion. This variable could be compared across different groups to identify 

differences in activity. Animals with extremely low numbers of transitions during Phase II 

and Phase III could be excluded from the experiment. For an example of excluding inactive 

animals from data analysis, see Yang et al. (2009).

Troubleshooting

Chamber time is not recorded—In most cases, this is due to photocell malfunctioning, 

which happens when a photo sensor is blocked, e.g., by mouse hair, dirt, or bedding. To 

check for problems, turn on the machine and push a toy car through the doorways; monitor 

the time and transition numbers that occur on the screen as the toy car passes. Locate the 

problematic photocells, and clean the lens with moistened cotton-tipped swabs. Restart the 

machine after cleaning. This is usually all it takes to correct the error. If the problem 

continues, contact the equipment manufacturer.

Chamber time and sniff time give different results—These two parameters usually 

correlate positively with each other. However, there are occasions when chamber time is not 
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significant but sniff time is significant. How do you decide whether the animals have 

displayed sociability or not? There is no simple answer to this quandary, but there are 

several things to consider: (1) double-check the video to see if sniff time has been scored 

accurately, and whether the animals exhibited any competing or unusual behaviors, e.g., 

excessive self-grooming, jumping, or rearing; (2) check the number of entries (in our 

experience, animals that are hyperactive or inactive tend to have low sniff time); and (3) 

repeat the experiment with a new cohort of mice. If the same results are found, we suggest 

drawing conclusions based on chamber time.

Mice exhibiting abnormal exploratory behaviors—Subtle environmental factors 

could have substantial influences on mouse behaviors. When inexplicable behaviors are 

observed, the first thing to do is to look into factors that could agitate mice. For example, 

cage changing could make mice aggressive and hyperactive, an inexperienced animal 

caretaker or experimenter might handle the mice inappropriately, noises and vibrations could 

distract the animals, odors that come through a ceiling vent could make the animals rear up 

and sniff the air frequently, or rats from other nearby laboratories could induce fear reactions 

in subject mice. This is by no means an exhaustive list. To get reliable results, one needs to 

be vigilant about potentially interfering factors and meticulous in controlling them.

Control mice do not display sociability—Mice used as controls in experiments are 

usually those that are known to display significant sociability. C57BL/6J, FVB/NJ, and 

FVB/Ant strains have been shown to exhibit high sociability in a number of published 

studies (Bolivar et al., 2007; Moy et al., 2007, 2008b; Silverman et al., 2010a,b; Yang et al., 

2011a). It is therefore expected that these strains should show sociability in every laboratory. 

If a group of 8 to12 adult mice of one of these highly social strains fails to show sociability, 

it is almost certain that something is wrong. Procedural errors and environmental stressful 

factors are the most common sources of unusual results. Experiments should be put on hold 

until the control strain resumes normal sociability in a consistent manner. To monitor for 

occurrences of unusual results, always include a few mice from the control strains in your 

routine experiments. If the control mice behave the way they typically do, you can be more 

confident about your results.

For researchers who are testing genetic hypotheses of autism by using transgenic and 

knockout mice, the wildtype littermates are the correct control group. A lack of sociability in 

the wildtype group makes it difficult to interpret data from the mutant group. A critical 

factor to consider here is the genetic background of the mice. Because embryonic stem (ES) 

cells derived from 129 mice colonize germ lines efficiently, they are the most widely used 

cell lines for producing targeted mutants. Unfortunately, some 129 substrains are not ideal 

for behavioral experiments, owing to their inactivity, anatomical abnormality, low 

sociability, and/or high anxiety-like behaviors (Rodgers et al., 2002; Holmes et al., 2003; 

Moy et al., 2004, 2007). Transgenic mice that are on a 129 background or a mixed 

background with a substantial portion from a 129 strain are likely to behave differently from 

mice on a B6 background. Problems in general health, especially neurological reflexes, 

vision, olfaction, and locomotion can significantly affect behaviors in the social approach 

task. It is therefore important to evaluate animals for general health as described by Crawley 
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(2007a, 2008) before testing them in the social approach task. Additional tests for anxiety-

like phenotypes might be necessary to control for low general exploration and artifactually 

high amount of time spent in the center chamber. If the wildtypes do not display sociability 

due to genetic background issues, one solution is to backcross the mutant line with B6 for 

multiple generations until phenotypes of the wildtype controls are almost identical to those 

of B6.

Anticipated Results

Large strain differences in social behaviors exist among inbred mouse strains. This topic has 

been discussed at length elsewhere (Yang et al., 2011b). Among commonly used strains, 

multiple laboratories have consistently reported high sociability in B6 and FVB (FVB/NJ 

and FVB/Ant) strains and low sociability in BTBR and BALB/c strains (Brodkin et al., 

2004; Bolivar et al., 2007; Panksepp and Lahvis, 2007; Moy et al., 2007, 2008a; McFarlane 

et al., 2008; Yang et al., 2007b, 2009, 2011a).

As Figure 8.26.3 illustrates, B6 and FVB/Ant mice spent significantly more time in the 

chamber containing the novel mouse than in the chamber containing the novel object, and 

more time sniffing the novel mouse than sniffing the novel object (indicated by asterisks on 

top of novel mouse bars), whereas BTBR mice spent similar time with both novel stimuli in 

either chamber. These strains with highly replicable sociability scores could be used as 

benchmarks in laboratories that conduct the three-chambered task routinely. Unusual 

behaviors in these strains often indicate methodological problems that require correction 

before proceeding with experiments.

There is usually a positive and significant correlation between chamber time and sniff time 

(Fig. 8.26.4), meaning that chamber time alone might be sufficient for high-throughput 

screening. A lack of significant correlation between chamber time and sniff time might 

indicate methodological problems to be solved.

Time Considerations

The pretest acclimation of novel target mice takes ~1 hr. The social approach task, with its 

three 10-min sessions (Phase I, II, and III), plus intersession transitions and post-test 

cleaning, takes ~45 to 50 min to complete. It takes another 5 to 10 min to take notes, 

organize/transfer data, and reset machines. Altogether, this basic single-unit method takes 

one person 60 ± 10 min to finish for one mouse. It is reasonable to test six to eight mice a 

day. With a high-throughput setup using four or more boxes simultaneously, it is possible to 

finish six rounds, up to 24 subjects a day.
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Figure 8.26.1. 
The social approach apparatus is a rectangular three-chambered box. Each chamber 

measures 20 cm (length) × 40.5 cm (width) × 22 cm (height). Dividing walls are made from 

clear Plexiglas, with small openings (10-cm width × 5-cm height) that allow access into each 

chamber. The center chamber is the start location. The weighted cup on top of the wire cup 

prevents climbing. The empty wire cup in the right chamber is the novel object. Photobeams 

are embedded across each doorway. An automated photobeam detector registers time spent 

in each chamber and number of transitions. This social approach apparatus and the 

accompanying software program are designed and manufactured by Dold Labs and 

Engineering.
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Figure 8.26.2. 
Stopwatches that emit a beeping sound can be silenced by removing an internal metal part 

from the inner surface of the back panel.
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Figure 8.26.3. 
Adult male C57BL/6J (B6) and FVB/AntJ mice displayed sociability, defined as spending 

more time in the chamber containing the novel mouse than in the chamber containing the 

novel object (A), and more time sniffing the novel mouse than sniffing the novel object (B). 

Adult male BTBR T+tf/J (BTBR) mice did not display sociability, spending similar amounts 

of time in the chamber containing the novel mouse and in the chamber containing the novel 

object (A), and similar amounts of time sniffing the novel mouse and sniffing the novel 

object (B). B6 (n = 12), FVB/Ant (n = 16) and BTBR (n = 12). The asterisks (∗) indicate p < 
0.01 for the comparison between novel mouse and novel object. This figure is reproduced 

from Silverman et al. (2010b), with permission from the Nature Publishing Group. For the 

color version of this figure go to http://wwwcurrentprotocols.com/protocol/ns0826.
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Figure 8.26.4. 
Significant correlation between time spent in chamber and sniff time in C57BL/6J adult 

male mice (n = 72; M. Yang, M.D. Weber, A.M. Clarke, and V. Zhodzishsky, unpub. 

observ.).
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