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Abstract

Introduction
Social recognition is a unique form of learning and memory that utilises distinct neural regions and
neurotransmission speci�c to social cognition1,2. Mesolimbic dopamine is involved in reinforcement and
reward learning. Concurrent activation of oxytocin or vasopressin and dopamine receptors in the reward
centres of the brain during mating results in a conditioned partner preference, observed as a pair bond3.
Mice usually demonstrate distinct forms of social memory: one transient and the other more enduring4.
The transient social memories, like those tested in current studies of investigation or maternal behaviour,
are normally held for a few minutes to an hour and seem geared more toward the differentiation of
conspeci�cs or pups over short interactions or durations and involve the ability to distinguish between
olfactory or visual signatures5,6. Here, we present two behavioural tests in males and females on social
behavioural responses in wild-type mice or those with gene mutations. Using these paradigms, we have
demonstrated that some important social and maternal behaviours7 are signi�cantly impaired in CD38-
knockout mice as compared with wild-type controls8. Thus, assessment of behavioural traits described
here could be useful when investigating mouse models of neurodevelopmental disorders associated with
social de�cits, such as autistic spectrum disorder9.

Reagents
In our experiment, all animals were 2–4-month-old sexually naive male or female mice, and primiparous
or experienced dams with their pups. Experimentally naive wild-type and CD38-knockout mice8 were
housed in groups of 5 to 10 per cage and then housed individually for the remainder of the experiments.
All females were housed individually once pregnant.

Equipment
Stopwatches VDV camera

Procedure
**A. Social behaviour for a 1-min confrontation in male mice.** Day 1: Housing. TIMING 10 min 1. At age
40–50 d, transfer mice from group to individual housing for 5 d to permit establishment of a home-cage
territory. CRITICAL STEP 1 Day 5: Recording investigation time. TIMING 1 min 2. Begin the �rst trial by
introducing a stimulus female into the home cage of a male mouse for a 1-min interaction. Record
investigation time of the female by the male mouse. At the end of the 1-min trial, remove the stimulus
animal and return to an individual holding cage. Score behaviour during experiments and record
behaviour on a videotape. Scoring should be done by trained raters \(inter-rater reliability >90%).
CRITICAL STEP 2 Repeating step 2 TIMING 11 min 3. For the second encounter, after a 10-min inter-
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exposure interval, introduce the same stimulus female to each male for 1 min. Record the investigation
time of the female by the male mouse. Remove the stimulus animal and return to the individual holding
cage. Repeating step 2 TIMING 11 min 4. For the third recognition trial, after a 10-min inter-exposure
interval, introduce the same stimulus animal to each subject for 1 min. Record investigation time of the
female by the male mouse. CRITICAL STEP 3 Repeating step 2 TIMING 11 min 5. For the fourth
encounter, after a 10-min inter-exposure interval, introduce the same female to each male. Same step with
a new stimulus TIMING 11 min 6. In the �fth “dishabituation” trial, introduce a different stimulus female
to the same male mouse for 1 min, after a 10-min inter-exposure interval. Record the investigation time of
the female by the male. Remove the stimulus animal to the individual holding cage. **B Pup retrieval
behaviour by dams in home cages.** Day 1: Birth con�rmation TIMING 5 min 1. Record births each
morning. First observe each new dam for 5 min with minimal disruption. Con�rm that it is capable of
building a typical nest and the pups are in the nest and being nurtured by the dam. Day 2: Retrieving test
TIMING 20 min 2. Remove all of the pups from the nest and keep temporarily in a holding cage. 3. Return
�ve of the dam’s own pups to the dam’s cage and place at the opposite side from the nest. 4. Observe the
dam continually, and record latency to retrieve each pup to the nest. Each dam should be observed for up
to 3 min. 5. Repeat step 4 × 3 times. CRITICAL STEP 4

Timing
**For males** Day 1 Housing with a female Day 5 Pairing for 1 min with two females with 10-min interval
**For dams** Day 1 Birth of pups Day 2 Retrieval test **For males** Day 1 Housing with a female Day 5
Pairing for 1 min with two females with 10-min interval **For dams** Day 1 Birth of pups Day 2 Retrieval
test

Critical Steps
CRITICAL STEP 1 To minimise sexual behaviour \(mounting and mating) during the experimental trials,
habituate male mice to females. Simply, house each male with a female, which is not used as a stimulus
mouse later, for 5 d before the �rst behavioural tests. Routinely, females are not ovariectomised.
CRITICAL STEP 2 Across all trials, de�ne investigation as direct, active, olfactory exploration of the
stimulus female by the subject male. In general, it consists of nosing and sni�ng of the ano-genital
region, close following and pursuit. Grooming, aggressive posturing and sexual behaviours, including
mounting, are not included in measures of investigation. CRITICAL STEP 3 In our experiment, at the 3rd or
4th trial, the subject male showed a greater frequency of head-to-head contact, a behaviour that was
qualitatively different from the investigation behaviour with an unfamiliar female in step 2. CRITICAL
STEP 4 Retrieval is de�ned as the dam picking up a pup in its mouth and transporting it to the nest in
wild-type mice. In the case of CD38-knockout mice in our experiment, if the dam picked up and dropped
the same pup more than once _en route_ to the nest, the retrieval was not scored until the pup was in the
nest or placed within the one third of the cage nearest the original nest. The retrieval test was repeated 4
times with the same 1- to 5-day-old pups.
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Troubleshooting
PROBLEM: Sleeping in male SOLUTION: Select an actively moving male PROBLEM: Freezing posture of
female SOLUTION: Select an actively moving female PROBLEM: Male sexual behaviour SOLUTION:
House with a female before testing

Anticipated Results
This protocol will routinely result in detection of normal social and maternal behaviours and in their
defects in wild-type and knockout mice. Mice displaying normal social recognition show a decline in
investigation upon subsequent exposure to the same individual, and in the dishabituation trial,
investigation times are similar to the initial exposure to the �rst individual \(Fig. 1). Mice with defects in
social recognition show no decline in investigation time. Wild-type dams retrieved their pups precisely and
very quickly to the same small area of the nest \(Fig. 2a). Primiparous CD38-knockout dams took a long
time to begin to retrieve and behaved as if they were not interested in their pups \(Fig. 2b). They often
dropped them during retrieval on the way to the nest, so that pups became scattered in different places
showing the dam’s abnormal nurturing behaviour \(Supplementary Figure 4 of ref. 7). However,
experienced CD38-knockout dams behaved similarly to wild-type controls \(Fig. 2c).
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Figure 1

Social memory in male mice Olfactory investigation was used for social recognition test. Social memory
by male mice was measured as the difference in ano-genital investigation. Data are depicted as means
&#xB1; s.e.m. for the amount of time allocated to investigating the same female during each of four
successive 1-min trials for CD38-knockout (yellow) and wild-type (blue) male mice. A �fth dishabituation
trial indicated the responses of males to the presentation of a new female in a 1-min pairing 10 min after
the fourth trial.
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Figure 2

Pup retrieval in home cages Latency to retrieve all 5 pups was scored when the dam picked up and
returned each pup to the original nest (in wild-type mice (a) and experienced CD38-knockout mice (c)) or
to areas within the one third of the cage nearest the original nest or to new nests (in primiparous CD38-
knockout mice (b)). Animals were subjected to the retrieval test 4 times. Note that dams in a and c took
longer to retrieve all pups in the �rst test (blue), but the second (red), third (yellow) and fourth (green)
tests took much shorter times, probably because they responded quickly to the situation of the test.
Primiparous CD38-knockout postpartum females took much longer to begin retrieving the �rst pup and to
�nish retrieving the �fth pup in the �rst and second tests. The dam&#x2019;s response was much quicker
in the third and fourth tests, but they tended to make new nests to which pups were retrieved. Values are
the means &#xB1; s.e.m. (n=5). (d) Mean latency to retrieve the last pup during 4 retrieval tests. *
indicates P&lt;0.01 compared with control.


