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Abstract
Autism-related behavioral de�cits in rodents are most often studied with regard to impairment in
reciprocal social interaction. The social interaction test is a simple test in which behaviors are video-
recorded and analyzed to assess active interaction time in a test mouse with a novel mouse. Using this
test, we found a reduction of social interaction in mouse models of tuberous sclerosis complex, in which
the mice exhibited normal approach to a novel conspeci�c in three-chamber social approach task. These
results suggest that the social interaction test is more sensitive than the three-chamber social approach
task for detecting social de�cits. Moreover, other behaviors can be measured by analyzing the recorded
video, such as rearing behavior, which was increased in mouse models of tuberous sclerosis complex.

Introduction
Autism spectrum disorder \(ASD) consists of impairment in reciprocal social interaction, impairment in
verbal and non-verbal communication, and restrictive and repetitive behaviors and interests \(1).
Numerous behavioral tasks have been developed to assess these three domains in rodents \(2, 3). In the
social interaction test, ASD-related behavioral de�cits are re�ected by a reduction of exploratory behavior
toward a novel conspeci�c \(4, 5). In the three-chamber social approach task \(6), social de�cits are
re�ected by a lowered level of approach toward a cage that contains a novel mouse. The social
interaction test requires manual scoring, and it may be more sensitive for detecting de�cient social
interaction in some cases. For example, in mouse models of tuberous sclerosis complex \(TSC), this test
revealed impaired social interaction \(7, 8), whereas the three-chamber social approach task did not \(9,
10). Therefore, the social interaction test is recommended for studies of ASD, particularly when social
approach is intact in animals that are expected to have an autistic phenotype.

Reagents
Test mice \(Tsc1+/- mice \(11) and Tsc2+/- mice \(12)), at least 3 months of age. Both male and female
mice can be used. Novel mice of the same sex as the test mice \(C57BL/6J), at least 8 weeks of age and
not heavier than the test mice. CRITICAL Test mice and novel mice must be housed in groups of two or
more per cage. The mice must be habituated for at least 1 week before the experiments when purchased
or transferred from other housing facilities or when they are subjected to invasive procedures \(e.g., ear
punching). The novel mice may be changed if needed \(e.g., when they are too heavy), but the strain of
the novel mice must be the same throughout the study. Rapamycin \(LC Laboratories, Woburn, MA, USA)
was dissolved in 10% dimethyl sulfoxide diluted with saline to 10 ml kg−1. The rapamycin solution or an
equal volume of vehicle was injected in the test mice \(2, 5, and 10 mg kg−1) by intraperitoneal injection
once daily for 2 consecutive days.

Equipment
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Marker pens Scale Sound-attenuating chamber equipped with ventilating fans Cages that contain clean
bedding material Recording video camera \(e.g., 5th Generation iPod Nano, Apple, Cupertino, CA, USA)

Procedure
Preparation of the cage and mice 1. Change the bedding material in the home cage 24 h or earlier before
testing. 2. Weigh the novel mice and mark them on the tail 24 h or earlier before testing. This step can be
skipped if the novel mice can be identi�ed in a different way, such as by ear punching. 3. Weigh the test
mice and mark them on the tail at the time of the �rst injection of rapamycin. This step can be postponed
until testing if the mice are to be examined without any treatment. 4. Pair a test mouse and a novel
mouse of the same sex, on the condition that the novel mouse is not heavier \(< 5%) than the test mouse.
Testing 5. Transfer the mice to the testing room. 6. Turn on ventilating fans in the sound-attenuating
chamber. 7. Allow the mice to acclimate to the testing room for 1 h or longer. Steps 3 and 4 above should
be completed at this time. 8. Clean the sound-attenuating chamber with 70% alcohol. 9. Move all of the
cagemates of the test mouse to a novel cage. 10. Place the home cage of the test mouse alone with the
camera, and leave the mouse undisturbed for 15 min or longer. CRITICAL The investigators should remain
outside the testing room to let the test mouse acclimate to the environment. 11. Start video recording. 12.
Place the paired novel mouse into the home cage, and record behavior for 10 min. CRITICAL The
investigators should remain outside the testing room during the video recording to not disturb the
behavior of the test mouse. 13. Stop recording. 14. Return the mice to their cagemates, and remove the
cage. 15. Repeat steps 8 to 14 if other test mice are to be examined. Measurement 16. Download the
recorded data. 17. Watch the videos and score active interaction, de�ned as sni�ng, close following, and
allo-grooming. CRITICAL Aggressive behaviors should not be included as dependent measures.

Timing
Two days are required, from preparing the home cage to completion of the recording. The time required
depends on the drugs tested \(e.g., 3 days are needed when the test mice are treated with rapamycin as
described above). Each recording takes approximately 30 min \(i.e., 15-min habituation followed by 10-
min recording). One mouse per cage can be tested each day using this protocol.

Troubleshooting
Q1. The home cage was changed in the last 24 h. A1. Postpone the experiments for 1 day or longer.
Active interaction time is shortened when tested in a novel cage \(13). Q2. Novel mice were not marked
the day before testing. A2. Do not mark the novel mice until all of the tests for that day are �nished. The
smell of the marking pen may be unpleasant to the test mouse, resulting in a reduction of active
interaction. Q3. Extremely low levels of active interaction, particularly in wildtype mice. A3. Use novel mice
that are not heavier than the test mice. It is strongly recommended that novel mice are used that have not
been presented to the test mice previously. Q4. High levels of aggressive behavior. A4. Use a pair of mice
with body weights that are not substantially different.
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Anticipated Results
Genetically engineered mice with social de�cits will show a reduction of the time engaged in active
interaction compared with wildtype littermates. We found a reduction of active interaction in Tsc1+/- and
Tsc2+/- mice of both sexes \(Fig. 1). The effectiveness of a given therapy on reduced social interaction is
indicated by recovery of the time engaged in active interaction to control levels \(8, 14). According to the
molecular pathophysiology of the disease \(i.e., constitutively activated signaling by mammalian target
of rapamycin \[mTOR]), we treated the mice with the mTOR inhibitor rapamycin. Impaired active
interaction was reversed by 5 and 10 mg kg-1 rapamycin, whereas wildtype littermates exhibited no
changes in active interaction \(Fig. 2a, b). Behaviors other than active interaction can be analyzed
according to the interests of the researchers. We also observed an increase in rearing behavior in Tsc1+/-
and Tsc2+/- mice \(Fig. 3a). The increase was suppressed to control levels by 5 mg kg-1 rapamycin \(Fig.
3b).
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Figure 1

Active interaction time in Tsc1+/- and Tsc2+/- mice. Active interaction time was measured in mouse
models of TSC. Note that the heterozygous mice (HZ, blue) exhibited signi�cantly lower levels of active
interaction than wildtype littermates (WT, white), regardless of sex. F, female, M, male. Error bars indicate
the SEM. The number of mice analyzed is presented in the �gure. *P < 0.05, **P < 0.01, ***P < 0.001 (t-
test).
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Figure 2

Active interaction time after rapamycin treatment. The mice received an intraperitoneal injection of
rapamycin or vehicle once daily for 2 days. Active interaction time was then measured in Tsc1 mouse
strain (a) and Tsc2 mouse strain (b). In the mutant mice (HZ, blue), active interaction remained lower than
wildtype littermates (WT, white) after the injection of vehicle or 2 mg kg-1 rapamycin. Active interaction
was normalized in the mutant mice treated with 5 and 10 mg kg-1 rapamycin. Notice that rapamycin had
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no effects on active interaction time in wildtype mice. Error bars indicate the SEM. The number of mice
analyzed is presented in the �gure. *P < 0.05, compared with wildtype mice (t-test); #P < 0.05, compared
with vehicle (Dunnett’s post hoc test).

Figure 3

Rearing behavior during the social interaction test. Behaviors other than active interaction can be
similarly analyzed. We counted rearing behavior (i.e., standing up on hindpaws) in the videos. (a) The
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mutant mice (HZ, blue) exhibited an increase in rearing behavior compared with wildtype littermates (WT,
white). (b) The high levels of rearing behavior in the mutant mice (blue) were suppressed to wildtype
levels by rapamycin. Notice that rapamycin had no effects on rearing behavior in wildtype mice. F, female;
M, male. Error bars indicate the SEM. The number of mice analyzed is presented in the �gure. *P < 0.05,
**P < 0.01 (t-test).


