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Abstract
BTBR T+ tf/J (BTBR) is an inbred mouse strain that shows behavioral traits with analogies to the
three diagnostic symptoms of autism spectrum disorder (ASD); deficits in social interaction, impaired
communication, and repetitive behaviors with restricted interests. Previous findings reveal that when
compared to C57BL/6J (B6) and other inbred strains, BTBR exhibit normal to low anxiety-like traits
in paradigms designed to assess anxiety-related behaviors. The current study assessed the generality
of these anxiety findings. In experiment 1, B6 and BTBR mice were tested in the elevated plus maze
(EPM), mouse defense test battery (MDTB) and elevated zero-maze. BTBR mice exhibited an
anxiogenic profile in the EPM, with a reduction in open arm time and an increase in risk assessment
behaviors, as compared to B6. In the MDTB, BTBR showed enhanced vocalization to the predator,
and significantly less locomotor activity than B6 in the pre-threat situation, but significantly more
locomotion than B6 following exposure to a predator threat, suggesting enhanced defensiveness to
the predator. In the zero-maze, BTBR mice showed a significantly higher number of entries and time
spent in the open segments of the apparatus, when compared to B6. In experiment 2, a three-
chambered social preference test was used to evaluate effects of the systemic administration of an
anxiolytic compound, diazepam, on B6 and BTBR social approach. Diazepam consistently increased
time in the compartment containing the social stimulus, for both B6 and BTBR mice. However, in
the vehicle treated groups, B6 mice spent significantly more time while BTBR mice spent
significantly less time in the social stimulus compartment; after diazepam administration both B6
and BTBR strains significantly preferred the social stimulus chamber. These results suggest that
while the anxiety responses of BTBR mice to novel situations (EPM and zero-maze) are inconsistent,
BTBR mice appear to be more defensive to animate threat stimuli (predator or another mouse).
Reduction of anxiety by diazepam normalized the social preference of BTBR for a mouse stimulus
in the three-chambered test.
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1. Introduction
Autism spectrum disorders (ASD) are a group of neurodevelopmental conditions that affect
approximately 1 in 150 children across the US [16,34,60]. ASD are characterized by social
interaction and communication deficits, and ritualistic-repetitive behaviors that are typically
detectable in early childhood and continue throughout the lifespan [2,20,35,58]. While the
etiology of ASD is not yet established, a strong genetic component is evident from the
extremely high (up to 90%) concordance rate for monozygotic twins, along with a 4:1 male/
female ratio [4,19,21,28,45]. Nevertheless, genetic studies to determine specific heritable
factors underlying susceptibility for ASD have demonstrated that the great majority of cases
involve multiple gene interactions with possible environmental factors [1,47,56,57].

ASD are diagnosed on the basis of an aberrant behavioral phenotype, rather than by a
biochemical or physiological biomarker or a specific neuropathology [2,27]. Therefore,
suitable animal models for ASD require a relationship to the types of behavioral deficits that
are considered the core symptoms of such disorder, including impairments in social interaction
and deficiencies in other functional domains [14,40,55]. Given the many genetic resources
available for mice, and the high level of homology between the mouse and human genomes,
mice are especially useful for analysis of genetic disorders [11,18,29,53].

There are two basic ways to harness the power of mouse genetics for ASD mouse model
research. Reverse genetic approaches involve the analysis of the phenotypes of specific mouse
strains with mutations in candidate genes for ASD [see for instance 23,52,61,66]. Forward
genetic approaches identify inbred strains of mice with phenotypes relevant to ASD, and
explore mechanisms responsible for these phenotypes [see for instance 10,41-44]. The use of
inbred strains of mice offers useful translational tools for the testing of genetic hypotheses and
evaluation of potential therapeutic strategies without directly manipulating specific genes. This
is especially useful for the study of polygenic based phenotypes such as anxiety or social
behavior. Results obtained using the latter approaches have indicated that the BTBR T+ tf/J
(BTBR) inbred strain displays behavioral traits with face validity for all three diagnostic
symptoms of ASD. Compared to the commonly used C57BL/6J (B6) strain, BTBR mice
display lower reciprocal social interactions, reduced social approach and impaired juvenile
play [9,39,65], unusual patterns or reduced vocalization [50,51,62], and higher levels of
repetitive self-grooming throughout developmental stages [39,64,65].

In addition, BTBR mice display a variable profile of anxiety-like behaviors in comparison to
B6 and other inbred strains. In the elevated plus maze (EPM) Moy et al. [44] found no
differences between B6 and BTBR on the proportion of open arm entries and time. Yang et al.
[63] also reported no differences in the proportion of open arm time but noted a significant
increase in the total number of open arm entries by male BTBR mice compared to B6. A
significant strain difference was seen in the elevated zero-maze [39], with BTBR spending a
higher percentage in the open segments of the apparatus than B6.

The present study was aimed at extending these anxiety findings, and on evaluating if
defensiveness to social threat might be involved in the well-established reductions in social
preference for BTBR mice [39,44]. In the first experiment, B6 and BTBR mice were tested in
the EPM, mouse defense test battery (MDTB) and zero-maze. These paradigms vary in terms
of threatening stimuli: the plus and zero mazes provide a novel, elevated and exposed space
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as the threat, whereas the MDTB threat is a predatory stimulus, a hand-held anesthetized rat
that first approaches, then chases, and finally contacts the mouse [for review see 7]. In the
second experiment, we used an extensively investigated three-chambered test [41] to verify
the effect of systemic administration of an anxiolytic compound, diazepam, on B6 and BTBR
social preferences.

2. Materials and methods
2.1. Animals

Male B6 mice between the ages of 13 and 17 weeks and male BTBR mice between the ages
of 14 and 17 weeks were used as subjects. B6 and BTBR mice for this study were offspring
of breeding pairs obtained from the Jackson Laboratory (Bar Harbor, ME) and subjects were
bred in the animal facilities of the University of Hawaii Laboratory Animal Service. Out-bred
CD-1 stimulus mice were purchased from Charles River Labs (Company Location). Breeding
pairs from both B6 and BTBR inbred strains were maintained by sibling mating. Subject and
stimulus mice were reared in standard polypropylene cages, 26.5 cm × 17 cm × 11.5 cm (H),
in a group of three to five male littermates after weaning at the 25 days of age, in a temperature-
controlled room (22 ± 1°C). All subjects were maintained on a 12-h light/dark cycle (lights on
at 06:00 am), with free access to food and water in their home cages. All procedures were
conducted in accordance with protocols approved by the University of Hawaii Institutional
Animal Care and Use Committee.

2.2. Drugs
Diazepam (RBI, USA) was prepared as a suspension in physiological sterile saline containing
2% of Tween-80. It was administered through intraperitoneal (i.p.) injection (20 ml/kg) in a
dose of 2 mg/kg 30 min before the start of the three-chambered test. The dose used and the
time interval between drug injection and testing were chosen based on previously published
studies [25,26,32].

2.3. Apparatus
2.3.1. Elevated plus maze—The test apparatus is based on that described by Lister [33]
and comprised of two open arms (30 cm × 7 cm × 2 cm) and two closed arms (30 cm × 7 cm
× 20 cm) that extend from a common central platform (5 × 5 cm). The apparatus was constructed
from wood and Plexiglas and was raised to a height of 40 cm above floor level. To prevent
mice falling off, a rim of Plexiglas (0.25 cm high) surrounded the perimeter of the open arms.
One ceiling-mounted video camera was used to record mouse behavior during the test and the
experimental room was illuminated with standard fluorescent lamps. The mean intensity of
luminosity on the open arms of the EPM was 55 lx.

2.3.2. Mouse defense test battery—The MDTB test was conducted in an oval runway,
0.40 m wide, 0.30 m high and 4.8 m in total length, consisting of two 2-m straight segments
joined by two 0.4 m curved segments and separated by a median wall (2.0 m long × 0.30 m
high). The apparatus is elevated 0.8 m from the floor to enable the experimenter to hold the rat
and move with ease, while minimizing the subjects’ ability to view the experimenter. All parts
of the apparatus were made of black Plexiglas. The floor of the apparatus was marked every
20 cm with white lines to facilitate measurement of locomotion distances. Two ceiling-
mounted video cameras were used to record behaviors during the test and the room was
illuminated with a red light. The mean intensity of luminosity at the level of the MDTB
apparatus was 20 lx.

2.3.3. Elevated zero-maze—The test apparatus consisted of an acrylic circular platform (6
cm in width) composed of open and closed segments, with the later being surrounded by 20
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cm high acrylic walls. The platform was raised to a height of 50 cm above floor level and the
diameter of the maze is 65 cm. To prevent mice falling off, a rim of Plexiglas (0.25 cm high)
surrounded the perimeter of the open segments. One ceiling-mounted video camera was used
to record the behavior during the test and the experimental room was illuminated with standard
fluorescent lamps. The mean intensity of luminosity on the open segments of the zero-maze
was 70 lx.

2.3.4. Three-chambered apparatus—A 41 cm L × 70 cm W × 28 cm H three-chambered
arena was used to assess sociability. Since subject mice were black, white Plexiglas panels
were installed on the back walls and the entire arena was placed on a white Plexiglas floor to
provide a contrasting background. The two outside chambers contained an inverted empty
black wire cup (Galaxy Pencil/Utility Cup Spectrum Diversified Designs, Inc., Streetsboro,
OH) which could contain stimulus mice. The experimental room was illuminated with standard
fluorescent lamps. The mean intensity of luminosity on the outside chambers was 30 lx.

2.4. Behavioral test schedule
In the first experiment, B6 and BTBR mice were tested in the EPM, MDTB and zero-maze. In
the second experiment, mice from both strains received an i.p. injection of vehicle or diazepam
30 min before the three-chambered test. All tests were conducted during the light phase of the
light/dark cycle from 9:00 am to 4:00 pm. Scorers were blind to treatment and strain conditions.

2.5. Behavioral tests
2.5.1. Elevated plus-maze—B6 and BTBR mice were transported to the experimental room
and left undisturbed for 60 min prior to testing. Testing was initiated by placing the subject on
the central platform of the maze, facing one of the enclosed arms, following which the
experimenter immediately withdrew to an adjacent room. Test sessions lasted 5 min and,
between subjects, the maze was thoroughly cleaned with 10% ethanol and dry paper towels.
The results were expressed as mean percentage of entries into open arms over total entries into
both open and closed arms, mean percentage of time spent in open arms over total time spent
in both open and closed arms, mean frequency of entries and time in the central platform and
total number of open and closed arms entries. Ethological measures comprised frequency
scores for stretched attend postures (mouse stretches forward and retracts to original position),
head-dips (mouse protrudes its head over the edge of an open arm and down toward the floor),
head-outs (mouse orients its head toward the ceiling) and stretched head-outs (mouse orients
its head toward the ceiling with body stretched).

2.5.2. Mouse defense test battery—One week after the EPM, mice from both strains were
transported to the experimental room and left undisturbed for 60 min prior to testing. The
apparatus was cleaned with 10% ethanol and dried with paper towels in between trials. Ten
minutes before the test session began, the Sprague-Dawley rat (average weight of 450 g) used
as the predator stimulus was deeply anesthetized with sodium pentobarbital (80 mg/kg, i.p.)
in order to minimize its discomfort.

The MDTB consists of the following subtests:

Pre-test: subjects were placed into the MDTB apparatus for a 3-min familiarization period
during which total line crossings and wall rears were recorded.

Predator avoidance test: avoidance and escape distances were measured when a predator
stimulus (a hand-held rat) was brought up to the subject at a speed of approximately 0.5 m/s.
Approach was terminated when contact with the subject was made or if the subject ran away
from the approaching rat. This was repeated five times.
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Chase/flight test: the hand-held rat was brought up to the subject at a speed of approximately
2.0 m/s. Chase was initiated only when the subject was standstill with its head oriented toward
the rat, and completed when the subject had traveled a distance of 14.4 m (three laps in the
runway). The time spent by the mouse to travel this distance was recorded. With this latency,
mean flight speed (m/s) was calculated. In addition, the number of stops (pauses in locomotion),
orientations (subject orients its head toward the oncoming rat) and reversals (subject turned
and ran in the rat direction) were also recorded.

Straight alley test: the runway is then converted into a straight alley, 80 cm long, by the closing
of a door at one end and the placement of a removable barrier at the other. The rat is placed at
one end while the mouse begins the test at the other. During a 30-s period, the number of
approach-withdrawals (subject moves toward the rat more than 20 cm and then returns), as
well as voluntary contacts with the rat stimulus were recorded. Another measures scored
included immobility time (freezing) and the frequency of defensive uprights.

Forced contact test: in this situation, the straight alley length was reduced to 40 cm. The rat
was brought up by the experimenter in five sudden contacts directed toward the subject. For
each such contact, the number of vocalizations, defensive uprights, jump attacks, jump escapes
and bites were recorded. This procedure was repeated three times.

Post-test: upon completion of the forced contact test, the alley doors were opened allowing the
subject locomotion around the oval runway. The subject exploratory activity was recorded for
another 3-min period during which the experimenter and the rat stimulus were out of sight.
Line crossings and wall rears were recorded.

2.5.3. Elevated zero-maze—Three weeks after the MDTB, B6 and BTBR mice were
transported to the experimental room and left for 60 min prior to testing in the zero-maze.
Testing was initiated by placing the subject facing one of the closed segments, following which
the experimenter immediately withdrew to an adjacent room. Test sessions lasted 5 min and,
between subjects, the maze was thoroughly cleaned with 10% ethanol and dry paper towels.
The results were expressed as mean percentage of entries into open segments over total entries
into both open and closed segments, mean percentage of time spent in open segments over total
time spent in both open and closed segments and total number of open and closed segments
entries.

2.5.4. Three-chambered social approach test—Independent groups of B6 and BTBR
mice were assessed for sociability in a three-chambered apparatus [41]. B6 mice with an
average weight of 29 g and BTBR mice with an average weight of 35 g received the i.p. injection
of vehicle or diazepam 30 min before the three-chambered test. Briefly, during a 10 min
habituation period, a subject mouse was placed in the middle chamber, the sliding doors were
opened and the mouse given free access to the entire arena during which the duration of time
in each of the two outside stimulus compartments was hand scored with stopwatches. Following
the habituation phase, mice were placed back into the center, the doors were closed and a single
unfamiliar male CD-1 mouse was placed in one of the two cups. The duration of time spent in
each chamber was measured in a 10 min session and required all four paws to be in the
compartment to be counted. Placement of the stimulus mouse was successively alternated
between trials. The duration of time in which all four paws of the subject mouse was in each
of the two compartments was compared.

2.6. Statistical Analysis
The behavioral data obtained in the EPM, MDTB and zero-maze were analyzed by one-way
analysis of variance (ANOVA), with strain (B6 or BTBR) as the independent variable, followed
by unpaired t-tests. Data from the three-chambered test were analyzed using within-group
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repeated measures ANOVA for comparison of time spent in the empty cage side with time
spent in the CD-1 mouse side. Time spent in the center chamber is shown in the graph for
illustrative purposes. Entries into both side compartments of the three-chambered apparatus
were summed as total entries and analyzed by one-way ANOVA across groups, as a measure
of general exploratory activity. For all statistical analyses, a probability level of p<0.05 was
considered significant but probabilities meeting more stringent criteria (e.g. p<0.01) are
marked as such.

3. Results
3.1 Experiment 1

3.1.1 Elevated plus maze—Table 1 shows the results (means ± SEM and F value) obtained
when B6 and BTBR mice were tested in the EPM. No significant strain effects were found for
the number of open arm entries and percentage of open arm over total arm entries. However,
there was a significant strain effect on the total number of entries into arms of the plus maze,
with BTBR mice showing a decrease in this variable. One-way ANOVA revealed a significant
strain effect on time spent in the open arms of the plus maze: BTBR showed a significant
decrease in this measure. There was a borderline effect (p=0.056) for the percentage of time
in the open arms over total time in open and closed arms: this ratio was reduced in the BTBR
strain. No significant strain effect was verified for time spent in the center of the plus maze.
However, there was a significant strain effect on the number of center entries, with BTBR
showing a reduction in this measure.

Data on the ethological variables measured in the EPM is displayed in Fig. 1. One-way ANOVA
revealed a significant strain effect on the frequencies of stretched attend postures and stretched
head-outs: BTBR mice displayed a significant increase in the occurrence of these behaviors,
when compared to B6. No other significant effects were obtained.

3.1.2 MDTB—All behavioral data (means ± SEM and F value) for B6 and BTBR in the MDTB
are displayed in Table 2. One-way ANOVA revealed significant strain effects on the frequency
of line crossings and wall rears assessed in the pre-test: BTBR mice were lower on both
measures. A significant strain effect was also obtained in the predator avoidance test, with
reductions in escape distances traveled by BTBR mice. In the forced contact test, BTBR mice
made significantly more vocalizations and fewer defensive uprights. Finally, in the post-test
situation BTBR mice exhibited a significant increase in the number of line crossings and a
decrease in the frequency of wall rears.

3.1.3 Elevated zero-maze—Table 3 shows results (means ± SEM and F value) for B6 and
BTBR mice in the elevated zero-maze. One-way ANOVA revealed a significant strain effect
on the number of entries and duration of time spent in the open segments of the zero-maze
apparatus: both measures were significantly increased in BTBR mice. A significant strain effect
was also found for the percentage of open segments time relative to total time: this percentage
was enhanced in the BTBR strain. Finally, one-way ANOVA revealed a significant increase
in the frequency of entries into both open and closed segments of the apparatus for BTBR mice.

3.2 Experiment 2: effect of systemic administration of diazepam on B6 and BTBR sociability
measured in the three-chambered test

Fig. 2 shows the effect of systemic administration of diazepam on the duration of time that B6
and BTBR mice spent in both side compartments of the three-chambered apparatus. B6 mice
treated with vehicle spent more time in the chamber containing the conspecific stimulus than
in the chamber containing the empty cup (F1,10 = 118.41; p<0.05). In contrast, BTBR mice
treated with vehicle spent more time in the chamber containing the empty cup than in the
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chamber with the CD-1 mouse (F1,10 = 8.19; p<0.05). With systemic administration of
diazepam, both B6 (F1,10 = 80.11; p<0.05) and BTBR (F1,10 = 14.86; p<0.05) strains showed
an increased time in the compartment containing the CD-1 mouse used as social stimulus. Time
in the social stimulus compartment was not different for B6 and BTBR mice following
diazepam administration (p>0.05). No significant group effect was found for total entries into
the side compartments of the three-chambered apparatus (Table 4).

4. Discussion
In this study, three experimental models (EPM, MDTB and zero-maze) were used to assess
levels of anxiety in B6 and BTBR mice. These two mouse strains were previously compared
on the EPM, in the context of an evaluation of 10 mouse strains on tasks relevant to autism
[44] with findings that B6 and BTBR show very similar anxiety-like profiles on this test, each
of them being ranked as second or third highest of the 10 mouse strains on the percentage of
time on the open arms, number of open arm entries and total arm entries. Yang et al. [63]
reported enhanced open arm entries for BTBR compared to B6 mice, suggesting an anxiolytic-
like BTBR profile. However, this was accompanied by a nonsignificant enhancement of total
arm entries, and by a finding of no differences in time on the open arms for the two strains,
both of which moderate an interpretation that BTBR show less anxiety than B6 on the EPM.
Benno et al. [5] reported that a tail suspension test prior to the EPM disproportionately increased
anxiety like behaviors of BTBR as opposed to B6 mice. They suggested that BTBR may be
unusually stress-reactive.

In the context of these reports, the present findings that BTBR spent less time in the open arms
of the plus maze and showed an increase in the frequency of risk assessment behaviors
(stretched attend postures and stretched head-outs) may suggest the presence of higher levels
of stress factors in that test than were present in the Yang et al. [63] comparisons. One
possibility is the light level in the test room, potentially a major determinant of the aversiveness
of the unshielded open arms. Yang et al. [63] used a very low level light (20 lx), whereas the
present study involved a considerably brighter light (55 lx). This difference supports an
interpretation that the EPM differences of BTBR and B6 mice may be very sensitive to the
aversiveness of the stimuli to which the animals are reacting, with BTBR being the more
responsive of the two strains.

In the MDTB, increases in the frequency of line crossings in the test situation after the predator
stimulus is removed, compared to those before it was presented, are interpreted as representing
escape attempts, an indication of enhanced defensiveness or anxiety [7]. This pattern was clear
for the present BTBR mice and absent in B6 mice. BTBR showed a reduced escape distance
compared to B6 mice, a measure that, however, appears to be less responsive to anxiety-
impacting drugs than to panicolytic and panicogenic agents [6]. In the forced contact test of
the MDTB, BTBR mice displayed an increase in the number of vocalizations but a decrease
in the occurrence of defensive uprights, when compared to B6. Enhanced vocalizations are
again compatible with a view that BTBR are more responsive to threat stimuli, and are part of
a defensive attack pattern that is specifically responsive to anxiolytic drugs [6]. Although
defensive uprights also appear to be responsive to anxiolytics, upright behaviors are reduced
in the BTBR strain in a number of other situations as well (in preparation), potentially reflecting
motoric or other changes in these mice. In summary of this pattern of findings, BTBR mice
show enhancement of several measures selectively relating to anxiety, albeit in the context of
some potentially contradictory results, in response to a predator (rat) stimulus.

In contrast to the present EPM findings, BTBR mice showed a consistent increase in the
frequency of entries and time spent in the open segments of the zero-maze, as well as an increase
in the total number of open and closed segment entries in the apparatus. These results suggest
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an anxiolytic profile for BTBR. The zero-maze was modeled on the EPM and developed
specifically to avoid the computational complications arising from the center area of the latter
[54]. Results from the EPM and the zero-maze are typically very similar [e.g. 8,30,31]. Here
the BTBR-B6 differences in the zero-maze are very different from those in the EPM. Lighting
levels were not different between the two tests (55 lx vs. 70 lx, respectively) and the same
animals were run in both. It is notable that the zero-maze was the last of three tests, distributed
over 4 weeks of testing, for BTBR and B6 mice. Thus, additional handling and testing may
have been a factor in the differences between the present EPM and zero-maze results, possibly
by affecting the responsivity of B6 mice, more than those of the BTBR strain: MacPherson et
al. [36] found that compared to B6, BTBR mice display severely impaired contextual fear
memory: they froze significantly less than B6 when re-exposed to a chamber where they
received an unconditioned stimulus (electric foot-shocks). However, these zero-maze results
are in agreement with prior reports of anxiolytic-like behaviors for BTBR compared to B6
mice [39] in this paradigm, and mice in that study had not been run previously in the EPM.
Thus, although it is possible that prior EPM exposure may influence subsequent zero maze
performance, this effect is not necessary for BTBR-B6 differences on this test.

In summary of the anxiety test data, these reveal a somewhat inconsistent set of anxiety findings
for BTBR vs. B6 mice, with results suggesting enhanced anxiety in the EPM and MDTB, but
reduced anxiety in the zero-maze. These results may be understandable in the context of
findings (44) indicating that the anxiety-like behaviors of BTBR and B6 mice, under low stress
conditions, are very similar, such that minor variations in test conditions may impact their
relative positions. The differences between the present and previous [63] EPM findings are in
agreement with a view that BTBR mice may react more strongly to stress or anxiety-eliciting
stimuli than do B6 mice. Their enhanced stress-induced levels of corticosterone, compared to
B6 [5,22] are compatible with that view. However, it is notable that the differences reported
here for all three anxiety tests were relatively mild or moderate, suggesting that in these tests
the anxiety-eliciting stimulus was not one that elicited a strong difference in responsivity
between BTBR and B6 mice. The situation may have been different for the social preference
test, in which mice were responding to conspecific stimuli.

Experiment 2 found that systemic administration of diazepam increased time in the
compartment containing the social stimulus (CD-1 mouse), in agreement with previous studies
demonstrating that systemic administration of diazepam robustly enhances sociability in
several rodent species [see for instance 12,17]. In particular, Riedel et al. [48] reported that B6
female mice treated with diazepam consistently spent more time with a stranger mouse in the
three-chambered test, as compared to a vehicle injected group. Such results are typically
interpreted as indicating that diazepam reduces social anxiety, consistent with the clinical
effects of diazepam [38], and its attenuation of anxiety-like measures in mice, on an array of
tests such as the EPM [49].

However, the focal finding of Experiment 2 was that diazepam changed the significant
preference of BTBR mice for the empty cup side of the three-chambered apparatus to a
significant preference for the mouse side, in effect flipping that preference from the nonsocial
to the social stimulus chamber. Moreover, time spent in the stimulus mouse chamber was not
significantly different for BTBR and B6 groups under diazepam, indicating that, on this
measure, the drug had normalized the social preference of BTBR mice.

These findings are consistent with an interpretation that under control conditions BTBR mice
may be inhibited in their approach to conspecifics because of defensiveness or anxiety, and
that by reducing this anxiety, diazepam sharply increases preference for the social stimulus
chamber. In the context of the BTBR mouse as a model for autism-like behaviors, it is notable
that anxiety is also common in children with autism [59], as is a reduced gaze fixation for
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human faces that may potentially reflect avoidance of these social stimuli [15]. Although there
appear to be no systematic and controlled studies of the effects of diazepam on behaviors of
autistic individuals, one small scale study indicated that “unsocialized” or “explosive”
aggression increased in seven autistic children receiving the drug [37]. This is particularly
interesting as findings of enhanced aggression following administration of diazepam or other
benzodiazepines are not uncommon in both clinical settings and animal models [e.g. 3,24,
46], a phenomenon that, like many other measures of anxiolytic action, may reflect a reduction
in behavioral inhibition [13].

In conjunction with the somewhat inconsistent and moderate findings of anxiety differences
for B6 and BTBR mice in three anxiety tests using nonsocial stimuli, the results of experiment
2, in the three-chambered social preference test, suggest that BTBR mice may show a
particularly enhanced defensiveness or anxiety-like response to conspecific stimuli. Such
response is compatible with findings of reduced gaze times in autistic individuals, and with a
general view that enhanced anxiety to conspecific stimuli may be one of the factors involved
in social deficiencies of individuals with autism.

Research Highlights

➢ BTBR showed enhanced defensiveness to animate threat stimuli (predator or
another mouse).

➢ Reduction of anxiety by diazepam normalized the social preference of BTBR.
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Fig. 1.
Frequency (mean ± SEM) of stretched attend posture, head-dip, head-out and stretched head-
out behaviors of B6 and BTBR mice tested in the EPM; **p<0.01, *p<0.05 compared to B6
by unpaired t-test; n=12 for each group.
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Fig. 2.
Effect (mean ± S.E.M.) of systemic administration of diazepam on B6 and BTBR sociability
measured in the three-chambered apparatus; *p<0.05, preference for social stimulus chamber
over the other stimulus chamber for each group; BTBR-Vehicle mice spent more time in the
chamber with the empty cup than in the chamber containing the CD-1 mouse; n=11 for each
group.
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Table 1

Behavioral data (means ± SEM and F value) obtained when B6 and BTBR mice were tested in the EPM

B6 BTBR F (1,22)

Open arm entries 12.42 ± 1.22 9.92 ± 1.78 1.34

Open arm entries /
total entries (%) 34.66 ± 2.15 33.38 ± 4.19 0.07

Open arm time (s) 50.88 ± 5.45 31.88 ± 5.66* 5.84

Open arm time /
total time (%) 23.34 ± 2.54 15.29 ± 2.71 f 4.07

Center entries 34.33 ± 1.74 26.83 ± 2.64* 5.63

Center time (s) 80.21 ± 4.53 82.42 ± 11.21 0.03

Total arm entries 34.83 ± 1.75 27.25 ± 2.69* 5.57

n=12 for each group

*
p<0.05

f
0.05<p<0.1 compared to B6 by unpaired t-test.
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Table 2

Frequency (mean ± SEM) of behaviors obtained when B6 and BTBR mice were confronted with a rat in the
MDTB

B6 BTBR F (1,22)

Pre-test activity

 Line crossings 152.17 ± 8.46 109.83 ± 15.00* 6.04

 Rears 8.83 ± 1.15 1.83 ± 0.65* 27.96

Predator avoidance test

 Avoidance distance (cm) 54.65 ± 13.23 61.39 ± 8.75 0.18

 Avoidance frequency 2.00 ± 0.44 2.66 ± 0.26 1.69

 Escape distance (cm) 103.86 ± 12.35 62.30 ± 8.82* 7.50

 Escape frequency 4.33 ± 0.28 3.83 ± 0.32 1.35

Chase/flight test

 Flight speed (m/s) 0.39 ± 0.03 0.30 ± 0.04 3.52

 Stops 8.83 ± 1.06 10.16 ± 0.76 1.05

 Orientations 3.58 ± 0.56 3.16 ± 0.55 0.28

 Reversals 1.00 ± 0.28 1.91 ± 0.60 1.94

Straight alley test

 Approaches/withdrawals 1.25 ± 0.22 1.75 ± 0.37 1.34

 Contacts 0.58 ± 0.23 0.16 ± 0.11 2.67

 Freezing 1.92 ± 0.60 2.83 ± 0.68 1.02

 Uprights 4.17 ± 0.71 3.33 ± 0.40 1.06

Forced contact test

 Vocalizations 1.50 ± 0.44 5.00 ± 1.31* 6.39

 Uprights 7.17 ± 0.82 3.42 ± 1.05* 7.84

 Jump attacks 0 ± 0 1.00 ± 0.75 1.78

 Jump escapes 2.92 ± 0.56 3.00 ± 1.27 0.00

 Bites 0.08 ± 0.08 0.42 ± 0.29 1.23

Post-test

 Line crossings 123.75 ± 4.45 176.08 ± 12.77* 14.97

 Rears 20.25 ± 1.41 12.50 ± 1.79* 11.57

n=12 for each group

*
p<0.05 compared to B6 by unpaired t-test.
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Table 3

Behavioral data (means ± SEM and F value) obtained when B6 and BTBR mice were tested in the elevated zero-
maze

B6 BTBR F (1,14)

Open segments entries 6.88 ± 1.91 13.5 ± 1.89* 6.07

Open segments entries /
total entries (%) 44.89 ± 1.88 47.90 ± 0.38 2.41

Open segments time (s) 37.25 ± 8.57 68.88 ± 8.94* 6.52

Open segments time /
total time (%) 12.42 ± 2.86 22.96 ± 2.98* 6.53

Total entries 14.63 ± 3.85 28.00 ± 3.78* 6.13

n=8 for each group

*
p<0.05 compared to B6 by unpaired t-test.
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Table 4

Number (mean ± SEM) of entries into both side compartments of the three-chambered apparatus in B6 and BTBR
mice treated with vehicle and diazepam

Groups Entries

B6 -Vehicle 22.18 ± 1.43

B6 - Diazepam 25.55 ± 4.05

BTBR - Vehicle 19.28 ± 1.42

BTBR - Diazepam 25.91 ± 3.24

n=11 for each group.
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