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Abstract
Qualitative impairments in communication such as delayed language and poor interactive
communication skills are fundamental to the diagnosis of autism. Investigations into social
communication in adult BTBR T+tf/J (BTBR) mice are needed to determine whether this inbred
strain incorporates phenotypes relevant to the second diagnostic symptom of autism,
communication deficits, along with its strong behavioral phenotypes relevant to the first and third
diagnostic symptoms, impairments in social interactions and high levels of repetitive behavior.
The aim of the present study was to simultaneously measure female urine-elicited scent marking
and ultrasonic vocalizations in adult male BTBR mice, in comparison to a standard control strain
with high sociability, C57BL/6J (B6), for the assessment of a potential communication deficit in
BTBR. Adult male BTBR mice displayed lower scent marking and minimal ultrasonic
vocalization responses to female urine obtained from both B6 and BTBR females. Lower scent
marking and ultrasonic vocalizations in a social setting by BTBR as compared to B6 are consistent
with the well-replicated social deficits in this inbred mouse strain. Our findings support the
interpretation that BTBR incorporate communication deficits, and suggest that scent marking and
ultrasonic vocalizations offer promising measures of interest in social cues that may be widely
applicable to investigations of mouse model of autism.
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Introduction
Recent studies demonstrated that the BTBR T+tf/J (BTBR) inbred strain of mice displays
behavioral phenotypes with analogies to all three diagnostic symptoms of autism, including
abnormal reciprocal social interactions as juveniles, lack of sociability as adults, and
repetitive behavior (Bolivar et al., 2007; McFarlane et al., 2008; Moy et al., 2007; 2008;
Yang et al., 2007a; 2007b; 2009). Scattoni et al. (2008) reported that BTBR pups isolated
from their mother and littermates displayed an unusual pattern of call categories, including
high levels of harmonics, two-syllable, and composite calls, as compared to pups of three
other inbred strains, and vocalized more than C57BL/6J (B6) pups. Qualitative impairments
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in communication such as delayed language and poor communication skills are fundamental
to the diagnosis of autism (DSM-IV, 2000; Frith & Happé, 1994; Lord et al., 2001; 2006;
Losh & Piven, 2007; Volkmar et al., 2004). Further investigations into communication in
adult BTBR are needed to determine the extent to which this inbred strain incorporates
phenotypes relevant to the second diagnostic symptom of autism, communication deficits,
along with its strong behavioral phenotypes relevant to the first and third diagnostic
symptoms, impairments in social behavior and high levels of repetitive behavior.

Mice communicate primarily by using olfactory (Arakawa et al., 2008b; Roberts 2007;
Wyatt, 2003) and acoustic signals (Costantini & D’Amato, 2006; Nyby & Whitney, 1978;
Portfors, 2007; Whitney & Nyby, 1979). Scent marking, the deposition of urinary
pheromone traces in strategic environmental locations, is used by mice to demarcate
territories, attract mates, recognize individuals, and maintain family organization. In a Y-
maze olfactory discrimination task, subject mice were able to discriminate between mouse
species, strains, genders, and individuals (Bowers & Alexander, 1967). Mice use scent
marks to recognize the reproductive state of potential partners (Hurst, 1990b). Moreover,
scent marks appears to be a key signal through which male mice announce their identity as a
negative advertisement, to exclude other adult males from their territory and prevent
potential competition (Desjardins et al., 1973; Hurst, 1990a). Scent marks by male mice may
also serve as a positive advertisement directed towards females for mate selection. Male
mice actively scent mark to adult females (Davies & Bellamy, 1972; Hurst 1989; Maruniak
et al., 1974; Reynolds, 1971), more than to adult or juvenile males, and more than to
juvenile females (Arakawa et al., 2007).

Adult male mice produce ultrasonic vocalizations when courting and copulating with
females (Sales, 1972). Call production is most prominent during initial investigatory
behavior, and temporally correlates with male behaviors that indicate a high level of sexual
arousal. The emission of ultrasonic vocalizations is considered to convey an important
communicative function, namely to attract females, as described in playback experiments
(Hammerschmidt et al., 2009; Pomerantz et al., 1973) and devocalization studies (Pomerantz
et al., 1973). Female urine alone, in the absence of a female mouse, is sufficient for the
induction of ultrasonic vocalizations by male mice (Whitney et al., 1974). Exposure to
female urine may offer an ideal paradigm to investigate ultrasonic vocalizations in social
settings in mouse models of autism. Several practical advantages are apparent. Recorded
ultrasonic vocalizations can be easily attributed to the male, since the presence of other mice
is not required. The male ultrasonic vocalization response is specific to female urine, since
male urine is ineffective for eliciting calls by male subject mice (Dizinno et al., 1978; Guo
& Holy, 2007; Nyby et al., 1977; 1979; 1983; Nyby & Zakeski, 1980; Wang et al., 2008;
Whitney et al., 1974). Male ultrasonic vocalizations in response to both females and female
urine are highly sensitive to critical social factors such as previous social experience
(Dizinno et al., 1978; Guo & Holy, 2007; Maggio et al., 1983; Nyby et al., 1977; 1983;
Sipos et al., 1992) and current social status (D’Amato, 1991; Nyby et al., 1976). Ultrasonic
vocalization emissions are dependent on the integrity of olfactory structures, as disruption of
the vomeronasal system by bulbectomy or by transection of the vomeronasal tract reduced
ultrasonic vocalization emission in male mice in response to female urine (Bean et al.,
1981).

The aim of the present study was therefore to use female urine-elicited ultrasonic
vocalizations and scent marking in adult male mice for the assessment of a potential
communication deficit in BTBR, in comparison to a standard control strain with high
sociability, B6. In accordance with their previously reported social deficits and repetitive
behaviors (Bolivar et al., 2007; McFarlane et al., 2008; Moy et al., 2007; 2008; Scattoni et
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al., 2008; Yang et al., 2007a; 2007b; 2009), we predicted that BTBR would display less
scent marking and ultrasonic vocalizations in response to female urine as compared to B6.

Materials and methods
Animals and housing

Subject mice were adult male C57BL/6J (B6, N = 30) and BTBR T+tf/J (BTBR, N = 30)
mice. Breeding pairs were purchased from The Jackson Laboratory (Bar Harbor, ME, USA)
and bred at the National Institute of Mental Health in Bethesda, MD, USA. About 2 weeks
after pairing for breeding, the females were individually housed and subsequently inspected
daily for pregnancy and delivery. After weaning on postnatal day 21, mice were socially
housed in groups of 2 – 4 with same-sex partners. All mice were housed in polycarbonate
Makrolon cages (369 × 156 × 132 mm, 435 cm2; 1145T; Tecniplast, Milan, Italy). Bedding,
paper strips, a nestlet square and a cardboard tube were provided in each cage. Standard
rodent chow and water were available ad libitum. The colony room was maintained on a
12:12 light/dark cycle with lights on at 06:00 h, at 20°C temperature and 55 % humidity.

All procedures were conducted in strict compliance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals and approved by the National
Institute of Mental Health Animal Care and Use Committee.

Experimental Design
Adult male B6 and BTBR mice with previous female experience (subject strain) were
exposed to mouse urine obtained from either B6 or BTBR female mice (source of urine). N
= 15 adult male mice of each strain were compared in both condition. Mice were
approximately 10 – 12 weeks old at the start of behavioral testing.

Previous female experience
In order to provide a standardized prior history of social experience, adult male subject mice
were exposed to adult females of their own strain. Each adult male mouse was placed with a
female of the same strain (B6 male with B6 female and BTBR male with BTBR female) for
5 min in a clean polycarbonate Makrolon cage (369 × 156 × 132 mm, 435 cm2; 1145T;
Tecniplast) with fresh bedding, approximately 1 week before testing.

Urine collection
Subject mice were exposed to fresh urine obtained from B6 or BTBR females. Urine was
collected from adult females in estrous by using a method adopted from Nyby et al. (1979).
Female donor mice were socially housed in groups of 2 – 4 and were approximately 10 – 12
weeks of age at the time of urine collection. The donor female was gently taken out of its
home cage by the tail and held by the base of the tail on the home cage lid. Gentle pressure
was applied to lift the back and expose the genital area, to determine the phase of the estrus
cycle. The female was scored as in estrus when the vaginal area appeared wide, opened, and
red. The act of handling the female in this manner was usually sufficient to cause it to
urinate. If the animal did not urinate from this handling, its ventral area was gently stroked
in an anterior to posterior direction. Urine was collected in a 1.0 ml Eppendorf tube. 15 μl of
fresh female urine was immediately pipetted into the center of an open field.

Test setting
Adult male mice were exposed to female urine samples in an open field (40 × 40 × 30 cm),
equipped with a Versamax animal activity monitor (AccuScan Instruments, Inc., Columbus,
OH, USA). One sheet of specialized paper (Strathmore Drawing Paper Premium, recycled,
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microperforated, 400 series; Strathmore Artist Papers, Neenah, WI, USA) that effectively
absorbed drops of mouse urine was placed on the floor of the open field. A transparent
Plexiglas lid containing 24 holes (diameter: 1.3 cm/hole) was placed on top of the open field
to reduce background noise. The test setting was illuminated by red light. Four open fields
were used simultaneously in the same testing room.

Test procedure
The adult male mouse was habituated for 60 min to the clean open field, lined with the
Strathmore paper and containing some of his own home cage bedding in one corner of the
arena. At the end of the habituation period, the mouse was placed back in a clean
polycarbonate Makrolon cage (369 × 156 × 132 mm, 435 cm2; 1145T; Tecniplast) with
fresh bedding. The home cage bedding and any feces deposited by the mouse were removed
from the open field. Scent marks deposited on the paper during habituation were visualized
under ultraviolet (UV) light using a UV lamp (Sleeklook Super 18” Black Light-eParty
unlimited; Can You Imagine, Chatsworth, CA, USA). Visualized scent marks were outlined
using a pencil. 15 μl of female urine was then pipetted onto the center of the Strathmore
paper, and the mouse was placed back into the open field for 5 min. The second set of scent
marks deposited on the paper during the 5 min exposure to the female urine was visualized
under the UV lamp and outlined with a blue colored pen. Prior to each session with a new
subject mouse, the open field was cleaned with a 70 % ethanol solution, followed by water
and drying with paper towels. Behavioral testing was conducted between 09:00 and 17:00 h
during the light phase of the circadian cycle.

Open field activity
Locomotor activity was automatically recorded by the Accuscan software (AccuScan
Instruments, Inc., Columbus, OH) during the 60 min habituation session of free exploration
in the open field and during the 5 min test session with exposure to the female urine spot.
Time spent within an area of 10 cm2 surrounding the female mouse urine spot was
automatically recorded using the Versamap option of the Accuscan software (AccuScan
Instruments, Inc.). N = 11 during habituation and N = 8 during testing for B6 subjects
exposed to B6 female urine, due to data loss.

Scent marking
Urinary scent marks by the subject male mice were scored along with ultrasonic
vocalizations within the same test sessions. At the end of each female urine exposure, the
marked sheets of Strathmore paper were treated with Ninhydrin spray (LC-NIN-16;
TritechForensics Inc., Southport, NC, USA) then left to dry for about 12 h, which allowed
the visualization of the urine traces as purple spots. Scent marks appeared as irregular purple
spots on the paper, circled either in pencil (subject male’s scent marks during 60 min in the
empty open field during habituation) or blue pen (subject male’s scent marks during 5 min
in the open field in the presence of female urine). Scent marks were counted as previously
described (Arakawa et al., 2008a, b). Briefly, a transparent plastic grid (40 cm2) divided into
squares, each 1 cm2, was placed on the top of the sheet of Strathmore paper. The total
number of scent marks and the number of scent marks within an area of 10 cm2 around the
female urine spot were counted.

Ultrasonic vocalizations
Ultrasonic vocalizations were recorded during the 5 min female urine exposure. Vocal
emissions were monitored by an UltraSoundGate Condenser Microphone (CM 16; Avisoft
Bioacoustics, Berlin, Germany) placed in the lid of each of the four open fields, 23 cm
above the floor. This microphone is sensitive to frequencies of 15 – 180 kHz with a flat
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frequency response (± 6 dB) between 25 – 140 kHz. Microphones were connected via an
Avisoft UltraSoundGate 416 USB Audio device (Avisoft Bioacoustics) to a personal
computer, where acoustic data were displayed in real time by Avisoft RECORDER (version
2.97; Avisoft Bioacoustics), and were recorded with a sampling rate of 300,000 Hz in16 bit
format.

For acoustical analysis, recordings were transferred to SASLab Pro (version 4.50; Avisoft
Bioacoustics) and a fast Fourier transform was conducted (512 FFT length, 100 % frame,
Hamming window and 75 % time window overlap). Correspondingly, the spectrograms
were produced at 586 Hz of frequency resolution and 0.427 ms of time resolution. An
experienced observer counted the total number of ultrasonic vocalizations as well as their
numbers in 10 s time bins, to visualize the time course of the ultrasonic vocalization
response.

Statistical analysis
Comparisons of subject strains, i.e. BTBR versus B6 male mice, for scent marking and open
field activity in the absence of female urine were statistically analyzed using unpaired
Student t-tests. To test whether BTBR and B6 differ on scent marking and open field
activity in the presence of female urine, a Two-Way ANOVA was performed with the
between subject factors of subject strain and source of urine. To compare ultrasonic
vocalizations between B6 versus BTBR, a Three-Way ANOVA for Repeated Measures was
calculated, using a within subject factor of session time and the between subject factors of
subject strain and source of urine. When a significant ANOVA was detected, Bonferroni
post-hoc tests were conducted to compare individual means. Finally, Pearson’s product
moment statistics were used to run correlation analyses between numbers of scent marks and
numbers of ultrasonic vocalizations. A p-value of < 0.050 was considered statistically
significant.

Results
Scent marking and open field activity in the absence of female urine

During the 60 min habituation session, the two strains did not differ in the number of scent
marks deposited in the clean open field (t58 = 0.656, p = 0.515, Figure 1a) but BTBR had
higher locomotor activity as compared to B6 (t54 = −2.364, p = 0.022, Figure 1b), consistent
with previous reports (McFarlane et al., 2008; Yang et al., 2009).

Scent marking and open field activity in the presence of female urine
As shown in Figure 2a, BTBR deposited fewer scent marks than B6 during the 5 min test
session in the open field in which 15 μl fresh urine from an estrus female was placed in the
center (F1,56 = 5.965, p = 0.018, Figure 2a). No main effect of source of urine was detected
(F1,56 = 1.129, p = 0.293) and no evidence for an interaction between subject strain and
source of urine was found (F1,56 = 0.492, p = 0.486). This shows that the strain difference in
female urine-elicited scent marking is independent of source of urine. When tallied for only
the grid squares within an area of 10 cm2 surrounding the female mouse urine spot this
strain difference was confirmed (F1,56 = 7.016, p = 0.010, Figure 2b). Again, this strain
difference was seen in response to both B6 and BTBR female urine as no main effect of
source of urine was detected (F1,56 = 1.440, p = 0.235) and no evidence for an interaction
between subject strain and source of urine was found (F1,56 = 0.767, p = 0.385). Time spent
within this proximal area did not differ between BTBR and B6, although a trend was
indicated (F1,53 = 3.824, p = 0.056, Figure 2c). Also, the time spent proximal to the female
urine spot was not dependent on source of urine (F1,53 = 0.006, p = 0.940) and no evidence
for an interaction between subject strain and source of urine was detected (F1,53 = 3.824, p =
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0.056). This indicates that B6 and BTBR female urine evoked similar levels of interest in
male B6 and BTBR mice. BTBR had higher open field activity as compared to B6 during
the 5 min test session (F1,53 = 29.550, p < 0.001, Figure 2d). Open field activity was not
dependent on source of urine (F1,53 = 0.347, p = 0.558) and no evidence for an interaction
between subject strain and source of urine was detected (F1,53 = 0.832, p = 0.366).

Ultrasonic vocalizations in the presence of female urine
As shown in Figure 3, call emission in adult male mice exposed to fresh female mouse urine
was dependent on the subject strain. Significantly more ultrasonic vocalizations were
emitted by adult male B6 than BTBR mice (F1,56 = 28.310, p < 0.001). There was no effect
of source of female urine (F1,56 = 0.502, p = 0.481). This means that both B6 and BTBR
female urine were similarly potent for eliciting ultrasonic vocalizations in male mice. Since
no evidence for an interaction between subject strain and source of urine was found (F1,56 =
0.001, p = 0.993), the possibility that BTBR emitted fewer ultrasonic vocalizations to female
B6 urine because the urine was taken from an unfamiliar mouse strain can be ruled out. In
addition to subject strain, call emission was affected by session time (F29,1624 = 12.209, p <
0.001) and a significant interaction between strain and session time was found (F29,1624 =
8.628, p < 0.001). This interaction was due to the fact that B6 started to emit calls almost
immediately after exposure to female urine, emitted a maximum of approximately 40 calls
per 10 s between 1 and 2 min after the start of the session, and slowly declined in number of
calls throughout the remaining 3 min of testing. In contrast, BTBR displayed minimal
vocalization responses throughout the entire 5 min of testing. In the case of B6 female urine
(Figure 3a), Bonferroni post-hoc tests detected significant strain differences in the number of
calls emitted at the time points of 20 to 180 s, with the exception of time points 160 to 170 s.
In the case of BTBR female urine (Figure 3b), Bonferroni post-hoc tests detected significant
strain differences in the number of calls emitted at the time points of 50 to 220 s, with the
exception of time points 150 to 160 s. In both cases, the difference in call emission between
subject strains was not due to a difference in number of mice vocalizing. In response to B6
female urine 11 out of 15 B6 and 12 out of 15 BTBR emitted more than 5 calls. Similar
numbers were obtained in response to BTBR female urine. Here, 10 out of 15 B6 and 11 out
of 15 BTBR emitted more than 5 calls.

Correlation between scent marking and ultrasonic vocalizations
As shown in the first row of Table 1, call emission by B6 was positively correlated with
female urine-elicited scent marking within an area of 10 cm2 surrounding the female B6
urine spot (r = 0.571, p = 0.026). Call emission by BTBR was not significantly correlated
with scent marking within 10 cm2 of the female B6 urine spot (r = 0.369, p = 0.176). For the
entire open field arena area, total call emission and total number of scent marks in the
presence of female B6 urine were correlated in both B6 (r = 0.552, p = 0.033) and BTBR (r
= 0.526, p = 0.044). As shown in the second row of Table 1, call emission and female urine-
elicited scent marking within an area of 10 cm2 surrounding the female BTBR urine spot did
not correlate in B6 (r = 0.053, p = 0.852) nor in BTBR (r = 0.270, p = 0.331). For the entire
open field arena area, total call emission and total number of scent marks in the presence of
female BTBR urine were not correlated in B6 (r = 0.050, p = 0.859) but were significantly
correlated in BTBR (r = 0.719, p = 0.002).

Discussion
Scent marking (Brennan & Kendrick, 2006; Roberts, 2007; Wyatt, 2003) and the production
of ultrasonic vocalizations (Costantini & D’Amato, 2006; Nyby & Whitney, 1978; Portfors,
2007; Whitney & Nyby, 1979) appear to be the two major modes of communication in mice.
We addressed the possibility that scent marking and ultrasonic vocalizations by male mice

Wöhr et al. Page 6

Genes Brain Behav. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



can be used as simultaneous assays to detect communication deficits. Our findings with
BTBR, an inbred strain used as a mouse model of autism because of its deficits on multiple
social tasks including reciprocal social interactions, social approach, and social transmission
of food preference (Bolivar et al., 2007; McFarlane et al., 2008; Moy et al., 2007; Yang et
al., 2007a, b; 2009), revealed evidence for scent marking and ultrasonic vocalization deficits
in BTBR in relevant components of these two assays.

Evidence for a major communication deficit was discovered in adult male BTBR mice.
Firstly, the BTBR mouse model of autism displayed reduced scent marking to salient
olfactory social cues, indicating a deficit in social olfactory responses in male BTBR mice.
BTBR male mice deposited fewer scent marks than B6 in response to female urine. This
strain difference in female urine-elicited scent marking was independent of source of urine,
i.e. seen in response to B6 female urine as well as in response to BTBR female urine.
Secondly, male BTBR mice displayed a major deficit in ultrasonic vocalizations to social
cues. Only minimal ultrasonic vocalization responses to female urinary pheromones were
found in male BTBR mice. Male B6 mice emitted significantly more vocalizations than
BTBR when exposed to B6 female urine. As for scent marking, this strain difference was
not dependent on the source of urine. This means that BTBR emitted significantly less
ultrasonic vocalizations than B6 in response to either the BTBR or the B6 female urine spot.

At least four possible mechanisms for the low level of scent marking and the minimal
ultrasonic vocalization response in BTBR can be considered. Firstly, the low numbers of
scent marks and ultrasonic vocalizations seen in BTBR could be due to olfactory deficits.
However, BTBR displays normal non-social olfactory abilities in a buried food task (Moy et
al., 2007) and normal social olfactory abilities in the preference for social novelty task (Moy
et al., 2007; McFarlane et al., 2008). Further, the present results show that BTBR and B6
spent a similar amount of time in proximity to the female urine spot in the center of the open
field, indicating that B6 and BTBR female urine evoked similar levels of interest in male B6
and BTBR mice. This supports the interpretation that BTBR is able to process social
olfactory cues.

Secondly, the low numbers of scent marks and ultrasonic vocalizations seen in BTBR could
be due to a physical impairment in the production of scent marks and ultrasonic
vocalizations. With regard to scent marks, this possibility can be ruled out, since during the
habituation phase the number of scent marks in a novel empty open field devoid of female
urine was similar in B6 and BTBR. With regard to ultrasonic vocalizations, however, it has
indeed been shown that some mice cannot produce ultrasonic vocalizations due to motor
impairment, for example in Foxp2 deficient mice (Fujita et al., 2008; Groszer, 2008; Shu et
al., 2005). BTBR mouse pups, however, emit a substantial amount of isolation-induced
ultrasonic vocalizations when isolated from their mother and littermates, and emit highly
complex calls of long durations as shown in a detailed comparison of ultrasonic vocalization
behavior in four mouse strains (Scattoni et al., 2008). Thus, it appears unlikely that a
physical dysfunction in vocal abilities is the cause of the low number of calls in adult BTBR
in response to female urine, although a physical abnormality later in development remains
possible.

Thirdly, the low numbers of scent marks and ultrasonic vocalizations seen in BTBR could
be due to sedation or anxiety-related inhibition. However, exploratory activity in the open
field was generally higher in BTBR than in B6, as previously reported (Moy et al., 2007;
McFarlane et al., 2008; Yang et al., 2009). Also, time spent within the 10 cm2 area
surrounding the female urine spot did not differ between strains. This finding indicates a
dissociation between interest in the novel open field and interest in the female urinary
pheromones. It is possible that interest in non-social cues competes with interest in social

Wöhr et al. Page 7

Genes Brain Behav. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cues in BTBR. However, a direct inverse relationship between these two types of
exploration was not seen in the present open field activity data. The higher general
exploratory activity by BTBR rules out sedation or anxiety-related inhibition of exploratory
activity as the cause of lower scent marks and ultrasonic vocalizations by BTBR.

A more likely interpretation is that the low number of scent marks and ultrasonic
vocalizations seen in adult male BTBR mice are due to a lack of social motivation. It is
widely accepted that scent marks serve important communicative functions such as mate
attraction. Male mice use female scent marks to recognize the reproductive state of potential
partners (Hurst, 1990b) and deposit their own scent marks as a positive advertisement
directed towards females for mate selection. Thus, male mice actively scent mark to adult
females (Davies & Bellamy, 1972; Hurst 1989; Maruniak et al., 1974; Reynolds, 1971),
more than to adult or juvenile males and more than to juvenile females (Arakawa et al.,
2007). Moreover, scent marks appears to be a key signal through which male mice announce
their identity as a negative advertisement, to exclude other adult males from their territory
and prevent potential competition (Desjardins et al., 1973; Hurst, 1990a).

Similarly, there is compelling evidence that ultrasonic vocalizations serve to establish or to
maintain social contact. By means of playback experiments it was shown that isolation-
induced ultrasonic vocalizations emitted by pups induce maternal retrieval behavior (Ehret
& Haack, 1982, Sewell, 1970; Wöhr et al., 2008; Wöhr et al., in press), and that female-
induced ultrasonic vocalizations emitted by adult males in response to females or female
urine attract females (Hammerschmidt et al., in press; Pomerantz et al., 1973). Moreover,
ultrasonic vocalizations in juvenile and adult mice are positively correlated with social
investigation, such as anogenital sniffing, in the sexual (Sales, 1972; Nyby, 1983) as well as
in the non-sexual context (Panksepp et al., 2007). Importantly, female-induced ultrasonic
vocalizations have successfully been used as a measure of responses to social cues in mouse
models of autism such as neuroligin-3- and neuroligin-4-deficient mice (Jamain et al., 2008;
Radyushkin et al., 2009). Low social interactions in BTBR are a well replicated finding in
multiple social tasks and across three laboratories. Compared to the commonly used B6
strain, BTBR showed lower levels of social interaction as juveniles and adults (Bolivar et
al., 2007; McFarlane et al., 2008; Yang et al., 2007b; 2009), as well as lower levels of social
approach as adults (McFarlane et al., 2008; Moy et al., 2007; Yang et al., 2007a; 2007b;
2009). Thus, it appears likely that low social motivation could explain low scent marks and
ultrasonic vocalizations to female urine in BTBR. To test this hypothesis further, it will be
interesting to conduct a systematic study on strain differences in scent marking behavior and
ultrasonic vocalizations in response to female urine.

Motivational issues may also explain why BTBR show exaggerated ultrasonic vocalization
responses when isolated from mother and littermates as pups (Scattoni et al., 2008) but
minimal vocalization responses to female urine in adulthood. While female-urine elicited
ultrasonic vocalizations are likely to be linked to social motivation, isolation-induced
ultrasonic vocalizations have been associated with anxiety-like behaviors in behavioral and
pharmacological studies (Miczek et al., 1995; Wöhr & Schwarting, 2008). Anxiolytic
benzodiazepines and other positive modulators of GABA-receptors inhibited isolation-
induced calls (Benton & Nastiti, 1988; Cirulli et al., 1994; Fish et al., 2000; Insel et al.,
1986; Nastiti et al., 1991; Takahashi et al., 2009). High levels of ultrasonic vocalization
responses to isolation seen in BTBR mice could reflect higher responses to stress or higher
levels of anxiety-like traits in the pups. Benno et al. (2009) observed exaggerated responses
to stress in adult BTBR mice. However, adult BTBR have not shown an anxiety-like
phenotype in standard tasks, including the elevated plus-maze, zero maze, and light↔dark
exploration (Benno et al., 2009; McFarlane et al., 2008; Moy et al., 2007; Yang et al., 2009).
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It will be interesting to explore the developmental trajectory of anxiety-related behaviors in
BTBR in greater detail in future studies.

The present findings explore the correlation between call emission and female urine-elicited
scent marking. A significant positive correlation between call emission and female urine-
elicited scent marking within an area of 10 cm2 surrounding the female urine spot was
detected in B6 exposed to female B6 urine. Such a correlation was not found in BTBR.
Correlations between the total number of scent marks in the presence of female urine and the
number of ultrasonic vocalizations to the female urine spot were detected for both B6 and
BTBR presented with B6 female urine as well as for BTBR presented with BTBR female
urine. Focusing on the region proximal to the female urine spot distinguished the high
sociability B6 strain from the low sociability BTBR strain on both number of vocalizations
and scent marking. Overall these results suggest that the number of scent marks within an
area of 10 cm2 surrounding the female urine spot offers a better representation of motivation
and communication, as compared to the total number of scent marks deposited throughout
the entire open field. Correlations detected in B6 indicate that olfactory and acoustic
communication may be positively associated, at least in a social context with high biological
significance, i.e. when a male is exposed to fresh urine from its own strain that had
previously acquired signal value by a brief prior exposure to a female.

The present findings show that adult male BTBR mice displayed lower scent marking and
minimal ultrasonic vocalization responses to female urine obtained from both B6 and BTBR
females. These results are indicative of a major deficit in social motivation and
communication in male BTBR mice. Low scent marking and emission of ultrasonic
vocalizations by BTBR in a social setting is consistent with the robust social deficits in this
inbred mouse strain (Bolivar et al., 2007; McFarlane et al., 2008; Moy et al., 2007; Yang et
al., 2007a; 2007b; 2009), suggesting that low social responsiveness is likely the primary
cause for the observed low scent marking and vocalization responses to social olfactory
cues. The present findings in BTBR add to its phenotypes relevant to the diagnostic
symptoms of autism. Our results suggest that scent marking and ultrasonic vocalizations
offer promising measures of interest in social cues, which may be broadly useful for
investigations of many mouse model of autism.
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Fig. 1. Scent marking and open field activity in adult male C57BL/6J (B6) and BTBR T+tf/J
(BTBR) mice in the absence of female urine
a) BTBR subjects (white bar) and B6 subjects (black bar) did not differ in the number of
scent marks deposited in the clean open field during the prior 60 min habituation session in
the absence of the female urine spot. b) BTBR had higher exploratory locomotion as
compared to B6 during the 60 min habituation session in the clean open field. Data are
presented as means ± standard errors of the mean. (* p < 0.050, *** p < 0.001 for B6 versus
BTBR).
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Fig. 2. Scent marking and open field activity in adult male C57BL/6J (B6) and BTBR T+tf/J
(BTBR) mice in the presence of female urine
a) Fewer scent marks were deposited by BTBR subjects (white bar: in the presence of BTBR
female urine; dotted bar: in the presence of B6 female urine) than by B6 subjects (black bar:
in the presence of B6 female urine; stripped bar: in the presence of BTBR female urine)
throughout the entire open field when the female urine spot was present. b) Fewer scent
marks were deposited by BTBR than by B6 within an area of 10 cm2 surrounding the female
urine spot. c) BTBR and B6 did not differ in their time spent within this proximal area. d)
BTBR had higher exploratory locomotion as compared to B6 in presence of the female urine
spot. Data are presented as means ± standard errors of the mean. (* p < 0.050, *** p < 0.001
for B6 versus BTBR).

Wöhr et al. Page 14

Genes Brain Behav. Author manuscript; available in PMC 2012 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3. Ultrasonic vocalizations emitted by adult male C57BL/6J (B6) and BTBR T+tf/J (BTBR)
mice in the presence of female urine
a) Time course for the number of ultrasonic vocalizations emitted by B6 subjects (black
circles) and BTBR subjects (white circles) in the presence of a B6 female urine spot. b)
Time course for the number of ultrasonic vocalizations emitted by B6 and BTBR in the
presence of a BTBR female urine spot. Data are presented as means ± standard errors of the
mean. The time course panels illustrate the test sessions in 10 s time blocks.
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Table 1

Correlations (r value and * significance) between number of scent marks and ultrasonic vocalizations elicited
by female urine

B6 male subject mouse BTBR male subject mouse

Correlation
between

ultrasonic
vocalizations and
total number of

scent marks

Correlation
between ultrasonic
vocalizations and
number of scent
marks within 10
cm of the female

urine spot

Correlation
between ultrasonic
vocalizations and
total number of

scent marks

Correlation
between ultrasonic
vocalizations and
number of scent
marks within 10
cm of the female

urine spot

B6 female
urine 0.552* 0.571* 0.526* 0.369

BTBR female
urine 0.050 0.053 0.719** 0.270

*
p < 0.050

**
p < 0.010
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