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Abstract

Mice offer a wealth of opportunities for investigating brain circuits regulating multiple behaviors,
largely due to their genetic tractability. Social behaviors are of translational relevance,
considering both mice and humans are highly social mammals, and disruptions in human social
behavior are key symptoms of myriad neuropsychiatric disorders. Stresses related to social
experiences are particularly influential in the severity and maintenance of neuropsychiatric
disorders like anxiety disorders, and trauma and stressor-related disorders. Yet, induction and
study of social stress in mice is disproportionately focused on males, influenced heavily by their
natural territorial nature. Conspecific-elicited stress (i.e., defeat), while ethologically relevant, is
quite variable and predominantly specific to males, making rigorous and sex-inclusive studies
challenging. In pursuit of a controllable, consistent, high throughput, and sex-inclusive
paradigm for eliciting social stress, we have discovered intriguing sex-specific social aversions
that are dependent upon the sex of both experimental and conspecific mice. Specifically, we
trained male and female F1 129S1/SvimJ x C57BL/6J to associate (via classical conditioning)
same or different sex C57BL/6J conspecifics with a mild, aversive stimulus. Upon subsequent
testing for social interaction 24 h later, we found that males socially conditioned better to male
conspecifics by exhibiting reduced social interaction, whereas females socially conditioned
better to male conspecifics. Serum corticosterone levels inversely corresponded to social
avoidance after different sex, but not same sex, conditioning, suggesting corticosterone-
mediated arousal could influence cross sex interactions. While our paradigm has further
optimization ahead, these current findings reveal why past pursuits to develop same sex female
social stress paradigms may have met with limited success. Future research should expand
investigation of utilizing male mouse conspecifics to instigate social stress across sexes.
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Introduction

Social interaction behavior is a cross-mammalian phenomenon seen in humans, non-human
primates, rats, hamsters, and mice, among other animals (1-6). Shifts in social interaction
behavior can be informative of the physical and/or mental state of the mammal (7-9). In
humans, disruptions in typical social interaction behavior are characteristic of numerous
neuropsychiatric conditions including trauma and stress-related disorders, mood and anxiety
disorders, schizophrenia, autism spectrum disorder, and substance use disorders (10).

Rodent studies examining social behavior and socially associated stressors within various
contexts have advanced identification of neural pathways important for stress responsivity and
social (dis)engagement, as well as assisted development of new therapeutic approaches and
targets for neuropsychiatric disorders (6,11-20). However, social behavior research in the
genetically tractable mouse species (Mus musculus) has been relatively limited in studying
behavioral consequences (and thereby the underlying neurocircuitry and neurophysiological
shifts) of negative, aversive, or otherwise stressful social interactions in female mice (21,22).
This is largely due to most current social conditioning paradigms employing only male rodents
(23-28) - something we ourselves are guilty of (14,29) - by capitalizing upon male-specific
territorial aggression. A breadth of social stress techniques have been employed in hamsters,
mice, and rats, including social instability (30,31), social transmission of stress (2,32), social
isolation (33,34), social defeat (6,35,36), and social crowding (26,37). Of these, the most
prevalent paradigm in mice is that of social defeat (both acute and chronic) (14,29,38-43).
Aside from the inherent male-centric nature of social defeat stress, additional concerns of
consistency and reproducibility arise from the inherently variable range of aversive social
behaviors, from defensive postures to aggressive bites, that each experimental mouse
perceives and experiences. Such variability - much beyond experimenter control - plus the
single sex bias of social defeat stress left us seeking an improved paradigm. In particular, we
sought to pair controllable, uniform, aversive stimuli with the presence of a social stimulus to
study aversive social conditioning across sexes in mice using a high throughput approach
(requiring 1 day, as opposed to multiple days or weeks).

To accomplish this, we modified a paradigm previously utilized in males (44-47). Manual
administration of an aversive stimulus (mild foot shock) occurs selectively when a male mouse
actively investigates a conspecific, with the goal of attenuating subsequent social engagement
(44—-47). Rather than using this operant-style approach, where a behavior exhibited by the
experimental mouse directly affects the outcome, we instead wanted to develop a more
classical conditioning approach that was less labor-intensive (i.e., did not require real-time
monitoring for manual shock administration). In this way, experimental mice would not
necessarily need to approach the social stimulus (conspecific) to develop an association
between it and the aversive stimulus. Additionally, all mice would receive the same number of
shocks, instead of variable numbers based upon behavior (44-47).

Using our modified version of this novel approach, we evaluated how employing this paradigm
affected multiple measures across both sexes after being exposed to an assigned, previously
never encountered, conspecific. Specifically, mice were socially conditioned (SC) with an
aversive stimulus (mild foot shock) when in the presence of a novel conspecific, independent of
investigative behavior. Then, mice were tested for social engagement in a novel environment in
the presence of the same conspecific, followed by testing of behavior in the conditioning
environment in the absence of any social stimulus. These behaviors were tested both under
circumstances when the experimental and conspecific mice were the same sex and when they
were different sexes. We hypothesized that SC mice would exhibit reduced social behavior
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when tested with their assigned conspecific in a novel environment, regardless of if the SC and
conspecific mice were the same or different sexes. Our broad goal was to develop a paradigm
that would provide a useful first step for future investigations of social behavior across mouse
sexes, which are currently underrepresented in literature (22).
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Methods
Mice

Hybrid F1 offspring of both sexes resulting from pairing female 129S1/SvimJ and male
C57BL/6J x mice (hereafter experimental mice), and male and female C57BL/6J mice (hereafter
conspecifics), all 29 weeks old or older, were group-housed (2-5 per cage) within sex. All mice
had ad libitum access to food and water in rooms maintained on a 12:12 light/dark cycle with
lights on at 07:00 local standard time, and temperature maintained at 22 + 2°C. All mice were
fed LabDiet 5001 rodent laboratory chow (LabDiet, Brentwood, MO) and were kept on 7090
Teklad Sani-chip bedding (Envigo, East Millstone, NJ) in cages containing Nestlets (Ancare,
Bellmore, NY) and huts (Bio-Serv, Flemington, NJ) for enrichment. Experiments were approved
by the Kent State University Institutional Animal Care and Use Committee, and adhered to the
National Research Council’s Guide for the Care and Use of Laboratory Animals, 8th Ed.
undefined.

Social Conditioning Paradigm

The entire paradigm spans four consecutive days. Procedures for each individual day are
outlined below in order.

Pre-exposure (Day 0)

Pre-exposure was used to help reduce the novelty of the transparent enclosure and/or the
conspecific to the experimental mouse, plus minimize any potential sex differences in
acquisition (48-51). On Day 0, experimental mice were placed in Coulbourn Instruments
chambers (7 in D x 7 in W x 12 in H; Allentown, PA) with (Control A and SC mice) or without
(Control B-D mice) a conspecific (age-matched; either same sex or different sex relative to
experimental mouse, depending on if assigned to same sex or different sex experiment) for pre-
exposure (Fig. 1). Chambers comprised two opposing aluminum walls each adjoining two clear
acrylic walls. Conspecifics were put inside a transparent enclosure placed within a corner of the
social conditioning chamber. The transparent enclosure included 23 holes (each 0.32 cm
diameter) on each of the 2 sides facing the SC mouse to enable olfactory cue exchanges.
Previous work demonstrates that olfaction is the most important modality when recognizing and
interacting with novel conspecifics (see review (52)); tactile (whiskers) and auditory modalities
appear to only be recruited when recognizing cage mates (46) in male mice (females were not
studied). Chambers and enclosures were cleaned with 70% ethanol before and after each
session; chambers had visible illumination and one clear acrylic wall was marked with a blue
dotted pattern. These components contributed olfactory and visual cues to the context, in
addition to the tactile cue of the stainless steel grid floor for the experimental mouse. During
pre-exposure, experimental mice were allowed to explore the chamber and conspecific
enclosure for 5 min, then both mice were returned to their respective home cages.

Social Conditioning (Day 1)

On Day 1, experimental mice were placed in the same social conditioning chamber as Day 0
and received five, 1 s mild foot shocks (1.0 mA) in the presence of the same conspecific that
they encountered on Day O (Figure 1A). This was to have experimental mice form associations
between aversive foot shocks and their respective conspecific (Fig. 1). Conditioning lasted for 9
minutes; after a 2 minute baseline, shocks were then administered at 120, 210, 300, 390, and
480 s. Conspecifics did not receive foot shocks. Cameras mounted above the chambers were
used to record movements, and freezing behavior during conditioning was quantified using
FreezeFrame software (v. 5.201, Actimetrics, Wilmette, IL). Freezing behavior is indicative of


https://doi.org/10.1101/2024.08.12.607663
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.08.12.607663; this version posted August 15, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

fear/aversive conditioning in mice; freezing was defined as the absence of movement except
breathing.

Social Interaction Testing (Day 2)

On Day 2, experimental mice were placed in a novel room containing open arenas (41.9 cm W
x 41.9 cm D x 39.6 cm H). Mice acclimated to the room in their home cage for 30 min prior to
behavior testing commencing. Each open arena had one empty PVC tube (8.9 cm outer
diameter) in a single corner of the square chamber with wire mesh (6.35 mm? openings)
covering a rectangular portion (11.4 cm W x 4.1 cm H) cut out of the tube bottom. Experimental
mice were placed in the corner of the arena opposite the PVC tube and could investigate freely
for 2.5 minutes (pre-test). Immediately after these 2.5 min, the conspecific that each
experimental mouse had previously been conditioned with on Day 1 was then placed in the PVC
tube in the corner. Experimental mice were allowed to continue investigating the arena for an
additional 5 min (post-test; Fig. 1). Because of the mesh at the bottom of the PVC tubes
containing conspecifics, exchanges of visual, auditory, and olfactory cues between experimental
mice and conspecifics were possible, but tactile interactions were minimized. Interaction
behavior was quantified as duration when at least 80% of an experimental mouse’s body was in
the interaction zone, a 7 cm radius zone (~223 cm? — 240 cm?, i.e., 14-15% of the open arena)
around the base of the PVC tube. This was quantified using ANY-maze software (v. 7.09
Stoelting Co., Wood Dale, IL). Post-test social interaction time was log-transformed
(Y=log(Y+0.001) to account for 3 mice with O s post-test social interaction) so that data would be
normally distributed for statistical analyses. Females were intentionally not assessed for estrus
cycle stage for five reasons: 1) to minimize mouse usage (53), we did not power our studies for
assessment of estrus; 2) with the goal of developing a social stress paradigm, we are seeking
effects robust enough to not depend upon estrus in intact, randomly cycling females; 3) we
intentionally focused here on fear and social behaviors, and did not measure sexual behaviors
(e.g., lordosis); 4) evidence that overall mouse behaviors are not affected by estrus stage
(54,55), (but see (56)); 5) cross-species evidence indicates vaginal lavage to determine estrus
cycle is stressful (57,58), and we sought to minimize stress confounds here.

Context Testing (Day 3)

On the last day of the social conditioning paradigm, experimental mice were placed in the social
conditioning chamber for behavior testing in the absence of any conspecific (Fig. 1). The
conspecific enclosure was still present to keep the context consistent with conditioning. Al
other tactile, visual, and olfactory cues from Day 1 were present. Testing lasted 10 min and did
not involve any foot shocks. Freezing behavior was again quantified using FreezeFrame
software.

Treatment Groups

Timelines illustrating the SC group plus four accompanying Control groups are presented in Fig.
1. The SC group involved mice that underwent social conditioning in the presence of a non-
shocked conspecific (either same sex or different sex relative to SC mouse, depending upon
experiment), with the hypothesis that SC mice would associate the conspecific with this aversive
experience. We planned four Control groups for this one SC group; each experiment (same sex
or different sex) had its own respective set of four Control groups for its respective SC group.
The goals of these were to control for: A) foot shock exposure; B) presence of conspecific
during pre-exposure & foot shock; C & D) exposure to conspecific temporally distal to foot shock
exposure. Control A involved procedures identical to those of the SC group, except a foot shock
was never administered on Day 1 (Fig. 1). Control B was the same as the SC group procedure,
except experimental mice never encountered the conspecific until testing on Day 2 (Fig. 1).
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Controls C and D had experimental mice encountering conspecifics either 4 h before (Control C)
or 4 h after (Control D) pre-exposure and social conditioning; in other words, conspecifics were
not present in the conditioning chamber during these two periods. Instead, experimental mice
were exposed to their conspecific in a separate room for 5 minutes or 9 minutes (the same
amount of time as pre-exposure or social conditioning, respectively) 4 h before (Control C) or
after (Control D) the experimental mice were exposed to the conditioning chamber. This
exposure involved experimental mice and their respective conspecific being placed in a clean
mouse cage separated with an acrylic divider to allow for visual, auditory, and olfactory
exchange, but no tactile interaction. Mice in Control C or D conditions still experienced foot
shock on Day 1, and encountered their assigned conspecific for testing on Day 2 (Fig. 1). This
temporal separation of 4 h was to minimize consolidation of social encounters from
interfering/intermingling with consolidation of the aversive foot shock encounter in the social
conditioning chamber, while still making execution of these experiments feasible withina 12 h
lights-on period (59-61) (see reviews (62,63)).
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Figure 1. Study timeline and treatment groups. Five groups were used in this study for each
experiment (same sex experiment, and different sex experiment): one socially conditioned (SC)
group and four Control groups. Mice in the SC group (above horizontal line) underwent a 5 min
pre-exposure (Day 0) in the social conditioning chamber and encountered their assigned
conspecific (same sex or different sex relative to SC mouse, depending upon experiment) that
was restricted to a clear plastic enclosure containing small holes for olfactory, visual, and
auditory, but not tactile, exchanges. On Day 1, SC mice were returned to the social conditioning
chamber and received five mild foot shocks in the presence of the same conspecific
(conspecific did not receive foot shocks); this social conditioning procedure lasted 9 min. The
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following day (Day 2), SC mice were tested for social engagement in a novel arena, first in the
absence of the conspecific (2.5 min), then in the presence of the conspecific (5 min), the latter
with the conspecific confined to a PVC tube with wire mesh to again allow visual, olfactory, and
auditory, but not tactile, exchanges. Finally, the last day of the four day paradigm (Day 3)
involved exposing SC mice to the social conditioning chamber in the absence of their
conspecific to test for fear behavior, indexed by percent time spent freezing (i.e., absence of all
movement except breathing). Details for the four Control groups are provided below the
horizontal line; each Control group was composed of different mice. Control A mice underwent
the same exact procedure as detailed for the SC group (above horizontal line), except no foot
shock was administered on Day 1. Control B mice similarly experienced the same procedure as
mice in the SC group (above horizontal line), save that Control B mice did not encounter any
conspecific until Day 2 for testing of social engagement. Control C involved mice encountering
their conspecific 4 h before pre-exposure and social conditioning, meaning no conspecific was
present for Control C mice when they were in the social conditioning chamber for pre-exposure
or social conditioning. To encounter their assigned conspecific, Control C mice were placed into
a clean cage with a clear acrylic divider separating them from their conspecific. This divider
allowed visual, olfactory, and auditory exchanges but no tactile interactions. On Day 0, Control
C mice encountered their conspecific for 5 min; on Day 1, for 9 min; these were timed to match
the length of conspecific exposure that mice in the SC group experienced. Control D mice were
treated the same as Control C mice, except their encounters with their assigned conspecifics
occurred 4 h after, rather than before, pre-exposure and social conditioning.

Serum Corticosterone

Thirty minutes after all experimental mice underwent contextual fear testing on Day 3, they were
briefly anesthetized with isoflurane then rapidly decapitated for trunk blood collection. Blood
clotted at room temperature for 10 minutes, then was spun at 3500 rpm for 1 h at 4°C. Serum
was collected and stored at -80°C until corticosterone analyses could be performed. Serum
corticosterone was measured using Enzo Life Sciences corticosterone enzyme-linked
immunosorbent assay (ELISA) kits (Farmingdale, NY). Assays were run according to the
manufacturer's instructions using their small volume protocol. Plates were read at 405 nm with
correction at 580 nm. The sensitivity of the assay was 26.99 pg/mL.

Statistical Analyses

Data were graphed with GraphPad Prism 10.3.0 (442), Beta (GraphPad Software, San Diego,
CA), and analyzed using IBM SPSS Statistics 28.0.0.0 (IBM, Armonk, NY), with the significance
threshold set a priori at p<0.05. Non-significant trends (p<0.10) were mentioned only when the
associated partial n? was >0.060. Data were graphed as the mean + 95% confidence interval
(Cl). Details of identified outliers (greater than the mean +* 4 standard deviations) are provided
in Supplemental Details. The same sex experiment and different sex experiment each included
their own SC group plus accompanying four Control groups. Control A mice were analyzed
across experiments. Within each experiment, the SC group and other three Control groups (all
of which experienced foot shocks, i.e., shocked mice) were analyzed. Social conditioning and
context fear expression time course were analyzed using 3-way repeated measures ANOVAs
(shocked mice: time x treatment group x sex of experimental mouse) (Control A mice: time x
experiment x sex of experimental mouse) and pairwise comparisons with Bonferroni correction.
Greenhouse Geisser corrections were utilized for within-subjects analyses. Measurements of
contextual fear expression average, social interaction, and serum corticosterone were analyzed
with a 2-way ANOVA (shocked mice: treatment group x sex of experimental mouse) (Control A
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mice: experiment x sex of experimental mouse) and pairwise comparisons with Bonferroni
correction.
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Results
Social Conditioning Acquisition

Social conditioning acquisition was examined in experimental mice in either the presence or
absence of a conspecific. One experiment used same-sex conspecifics, and the other
experiment used different sex conspecifics; each of these experiments included its own SC
group and corresponding four Control groups.

Control A (no foot shock) mice

Control A mice were utilized to distinguish the effects of receiving mild foot shocks on
subsequent social behavior. Figure 2A and 2C show social conditioning ‘acquisition’ on Day 1
for Control A mice with either a same sex conspecific (Figure 2A) or a different sex conspecific
(Figure 2C). For acquisition, there was a significant three-way interaction of time x conspecific
sex x experiment (Table 1). This appears to be driven primarily by inconsistent time course
patterns across sexes, and mice in the different sex experiment exhibiting lower freezing levels
at several timepoints compared to same sex experiment mice (Figure 2A, 2C).

Table 1. Three-way repeated measures ANOVAs on social conditioning acquisition for Control
A (no foot shock) mice across experiments and sexes.
Control A Mice - Fear Acquisition

F Statistic p value Partial n?
Time F(3.325,86.45)=0.334 0.821 0.013
Sex F(1,26)=1.265 0.271 0.046
Experiment F(1,26)=14.520 <0.001 0.358
Time x Sex F(3.325,86.45)=1.836 0.141 0.066
Time x Experiment F(3.325,86.45)=1.128 0.345 0.042
Sex x Experiment F(1,26)=0.639 0.431 0.024
Time x Sex x Experiment F(3.325,86.45)=2.642 0.049 0.092

Two days after social ‘conditioning’ (see Figure 1 for timeline), Control A mice were tested for
their fear to the context in which they were ‘conditioned’. Testing lasted for 10 minutes, and the
time course data for testing Control A mice are in Figure 2B (same sex conspecific) and 2D
(different sex conspecific). We observed no significant three-way interaction of time x sex x
experiment (Table 2). There were likewise no significant two-way interactions of time x sex, time
x experiment, or sex x experiment (Table 2). Main effects of sex and time were not significant,
though a non-significant trend for time was noted (p=0.099; Table 2). A significant main effect
of experiment was detected (Table 2), and pairwise comparisons support a pattern of female
and male mice in the different sex experiment freezing less than mice in the same sex
experiment (Figure 2B, 2D), as observed with ‘training’.

Table 2. Three-way repeated measures ANOVA on context testing time course data for Control
A (no foot shock) mice across experiments and sexes.
Control A Mice - Context Testing Time Course

F Statistic p value Partial n?
Time F(7.884,205.0)=1.710  0.099 0.062
Sex F(1,26)=0.391 0.537 0.015
Experiment F(1,26)=16.16 <0.001 0.383
Time x Sex F(7.884,205.0)=0.599 0.776 0.023

Time x Experiment F(7.884,205.0)=1.063  0.391 0.039
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Sex x Experiment F(1,26)=0.004 0.949 0.000
Time x Sex x Experiment = F(7.884,205.0)=0.963  0.465 0.036

Consistent with ‘training’ and time course testing of Control A mice, averaged freezing during
minutes two through six of testing revealed no sex x experiment interaction, but a significant
main effect of experiment (Table 3). Once more, different sex experiment mice exhibited less
freezing than their counterparts in the same sex experiment (Figure 2E).

Table 3. Two-way ANOVA on context testing for Control A (no foot shock) mice across
experiments and sexes.
Control A Mice - Context Testing Average
F Statistic p value Partial n?

Sex F(1,26)=0.050 0.825 0.002
Experiment F(1,26)=15.00 <0.001 0.366
Sex x Experiment F(1,26)=0.045 0.833 0.002
“Training” Context Fear Testing
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Figure 2. Day 1 social conditioning ‘acquisition’ and Day 3 context fear testing in Control
A (no foot shock) mice. Control A mice underwent ‘acquisition’ or ‘training’ for social
conditioning after a two min baseline period on Day 1 (Panels A,C). Percent time freezing for
the same 30 s periods that are graphed for SC and Control B-D mice (Figure 3) are indicated at
time points 1-5 in Panels A,C. On Day 3, freezing behavior was quantified for 10 min when mice
were re-exposed to the social conditioning chamber (Panels B,D). Average freezing behavior
was evaluated between minutes two through six (yellow shading in Panels B,D) of the 10 min
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test and graphed in Panels C,F. Mice either went through the Control A social conditioning
process with same sex conspecifics (Panels A,B,E) or different sex conspecifics (Panels C,D,E).
Male Control A mice are represented by diamonds and dashed orange lines; female Control A
mice are represented by squares and solid brown lines. Same sex n=8, different sex n=7.
*indicates p=0.017 (A), p=0.026 (Panel C) compared to other sex within the same experiment.
dindicates p=0.026, p=0.026, p=0.007, left to right, comparing females in same sex (Panel A)
versus different sex (Panel C) experiment ‘training’ at specified timepoints. Pindicates p=0.016,
p=0.002, left to right, comparing males in same sex (Panel A) versus different sex (Panel C)
experiment ‘training’ at specified timepoints. ‘indicates p=0.008, p=0.020, p=0.018, p<0.001,
p=0.027, p=0.001, p=0.037, p=0.033, p=0.020, p=0.027, left to right, comparing females in
same sex (Panel B) versus different sex (Panel D) experiment testing at specified timepoints.
dindicates p=0.024, p=0.006, p=0.030, p=0.011, p=0.030, p=0.046, left to right, comparing
males in same sex (Panel B) versus different sex (Panel D) experiment testing at specified
timepoints. ®indicates p=0.016, ‘indicates p=0.008, comparing across experiments within sex for
average testing freezing (Panel E). Data graphed as mean + 95% CI.

Socially Conditioned and Control B-D mice

Social conditioning acquisition for mice that received mild foot shocks are illustrated in Figure
3A, 3B for mice in the same sex conspecific experiment, and in Figure 3C, 3D for mice in the
different sex conspecific experiment. All mice expressed >40% freezing during at least one
post-shock period during social conditioning. For acquisition in the same sex experiment, no
three-way interaction of time x sex x group (of which there are four: socially conditioned mice or
Control B-D mice) occurred (Table 4). We did not observe any significant two-way interactions
either (Table 4). Nonetheless, significant main effects of time, sex, and group were found for
mice in the same sex experiment (Table 4).

Table 4. Three-way repeated measures ANOVAs on fear acquisition for mice of both sexes
with same sex conspecifics.
Same Sex Experiment — Fear Acquisition

F Statistic p value Partial n?
Time F(4.05,223.0)=145.923 <0.001 0.726
Sex F(1,55)=14.90 <0.001  0.213
Group F(3,55)=5.322 0.003 0.225
Time x Group F(12.16,223.0)=1.014 0.437 0.052
Time x Sex F(4.05,223.0)=1.766 0.136 0.031
Group x Sex F(3,55)=1.833 0.143 0.093

Time x Group X Sex F(12.16,223.0)=0.550 0.882 0.029

Pairwise comparisons indicated that socially conditioned males exhibited less freezing at two
training timepoints relative to Control B mice (Figure 3A) in the same sex experiment. For all
but the last post-shock period in the same sex experiment, female socially conditioned mice
froze significantly more than male socially conditioned mice (Figure 3A, 3B).

Social conditioning acquisition for mice in the different sex experiment is shown in Figure 3C,
3D. No significant three-way interaction of time x sex x group was observed (Table 5), though a
non-significant trend (p=0.065) was noted. While no sex x group interaction was detected, we
did find significant time x group and time x sex interactions (Table 5).

Table 5. Three-way repeated measures ANOVAs on fear acquisition for mice of both sexes
with different sex conspecifics.
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Different Sex Experiment — Fear Acquisition

F Statistic p value Partial n?
Time F(4.264,243.0)=204.2  <0.001 0.782
Sex F(1,57)=5.383 0.024 0.086
Group F(3,57)=1.027 0.387 0.051
Time x Group F(12.79,243.0)=3.753 <0.001 0.165
Time x Sex F(4.264,243.0)=2.752 0.026 0.046
Group x Sex F(3,57)=0.938 0.428 0.047
Time x Group % Sex F(12.79,243.0)=1.689 0.065 0.082

Only the second post-shock period was different across sexes in SC mice in the different sex
experiment (Figure 3C, 3D). For Control C mice, females displayed greater freezing for the first
three post-shock periods than males in the different sex experiment (Figure 3C, 3D). All other
between-group comparisons within each sex did not exhibit consistent patterns, and as with
same sex experiment mice, different sex experiment mice concluded training at similar freezing
levels. Combined with same sex experiment acquisition, these findings indicate that social
exposure — whether concurrent or 4 h prior — can transiently augment social conditioning
acquisition in female mice, depending upon the sex of the conspecific.
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Figure 3. Day 1 acquisition during social conditioning procedure. Socially conditioned
(SC) mice are represented by filled circles and solid lines, with data for the same sex
experiment in A and B (male n=8; female n=9), and the different sex experiment in C and D
(male n=9; female n=8). Control B mice are indicated by open circles and dotted lines; same
sex experiment data are in A and B (male n=8; female n=8), and different sex experiment data
in C and D (male n=8; female n=8). Control C data are shown with triangles and dashed lines
for the same sex (A, males n=7; B, females n=9) and different sex (C, male n=8; D, female n=9)
experiments. Control D mice are graphed with hexagons and dashed/dotted lines for same sex
(A, male n=7; B, female n=8) and different sex (C, male n=8; D, female n=8) experiments.
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Average freezing for the first two minutes, prior to commencement of acquisition, is plotted on
the x-axis as baseline. The average percent freezing for each 30 second period following each
of the five mild foot shocks are thereafter plotted along x-axis (Post-shock Periods 1-5). Same
sex experiment: ®indicates p=0.037, p=0.006 (left to right, panel A) when comparing within
males and between SC and Control B groups. indicates p=0.022 (Panel B) when comparing
between sexes and within Control D group. ‘indicates p=0.011, p=0.047, p=0.012, p=0.016 (left
to right, Panel B) when comparing between sexes within the SC group. Different sex
experiment: ™indicates p=0.048 (Panel C) when comparing within males and between Control
C and SC groups. "indicates p=0.015 (Panel C) or p=0.043 (Panel D) when comparing within
sex and between Control B and SC groups. °‘indicates p=0.048 (Panel D) when comparing
within females and between Control B and C groups. Pindicates p=0.036 (Panel D) when
comparing within females and between Control C and D groups. ‘indicates p=0.011 (Panel D)
when comparing between sexes and within Control B group. ‘indicates p=0.034, p=0.036,
p=0.023 (left to right, Panel D) when comparing between sexes and within Control C group.
®indicates p=0.019 (Panel D) when comparing between sexes and within SC group. Data
graphed as mean = 95% CI.

Social Interaction

Twenty four hours after social conditioning, mice were tested for social engagement using the
social interaction test. Three mice did not interact at all with their conspecific, and thus were
excluded from social interaction analyses (1 different sex Control A female; 1 same sex Control
B female; 1 same sex SC male; see Supplemental Details). Figure 4A illustrates social
interaction data for Control A mice across experiments. There was no significant sex x
experiment interaction, but there was a significant main effect of experiment (Table 6). This was
driven by males in the different sex experiment interacting more with female than male
conspecifics (Figure 4A).

Table 6. Two-way ANOVA on social interaction for Control A mice across experiments and
sexes.
Control A Mice — Log-transformed Social Interaction
F Statistic p value Partial n?

Sex F(1,23)=0.429 0.519 0.018
Experiment F(1,23)=8.529 0.008 0.271
Sex x Experiment F(1,23)=2.773 0.109 0.108

Social conditioning in the same sex experiment did not result in a sex x group interaction, but a
main effect of group was found (Table 7). Pairwise comparisons indicated that SC males
exhibited less social interaction than SC females (Figure 4B).

Table 7. Two-way ANOVA on social interaction for mice of both sexes with same sex
conspecifics.
Same Sex Experiment — Log-transformed Social Interaction
F Statistic p value  Partial n?

Sex F(1,52)=0.438 0.511 0.008
Group F(3,52)=2.923 0.042 0.144
Sex x Group F(3,52)=1.870 0.146 0.097

In contrast to the same sex experiment, there were no significant interactions nor main effects in
the different sex experiment (Table 8). A non-significant trend for group was noted (p=0.066,
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Table 8). Pairwise comparisons demonstrated that females exhibited significantly reduced
social interaction, both compared to female Control B mice and to SC male mice (Figure 4C).
Combined, these findings indicate that the social behavior of females is more affected by
aversive associations with males, whereas males are more socially affected by aversive
associations with their own sex.

Table 8. Two-way ANOVA on social interaction for mice of both sexes with different sex
conspecifics.

Different Sex Experiment — Log-transformed Social Interaction

F Statistic p value Partial n?
Sex F(1,56)=0.405 0.527 0.007
Group F(3,56)=2.538 0.066 0.120
Sex x Group F(3,56)=1.678 0.182 0.082
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Figure 4. Day 2 social interaction behavior following social conditioning. Log-
transformed social interaction data are shown for mice in Control A groups (Panel A), and in the
same (Panel B) and different (Panel C) sex experiments. For Panel A, male data are shown
with diamonds and dashed orange lines, female data with squares and solid brown lines. For
Panels B-C, data from left to right are: Control B mice, open circles and dotted lines; Control C
mice, triangles and dashed lines; Control D mice, hexagons and dashed/dotted lines; socially
conditioned mice, filled circles and solid lines. Numbers of mice graphed within each panel, left
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to right: A)n=7,8,6,6;B)n=8,7,7,7,6,8,8,9;C)n=8, 8,8,9,7,9, 7, 8. ?p=0.004, °p=0.038,
°p=0.029, %p=0.017. Data graphed as mean + 95% CI.

Social Conditioning Context Fear Testing

After Day 2’s social interaction evaluation of mice’s association between their assigned
conspecific and the aversive stimulus they experienced on Day 1, we next assessed their fear
response to the social conditioning context on Day 3. This was accomplished by quantifying
percent of time spent freezing (Table 9, Figure 5).

In the same sex experiment, no significant three-way interaction was detected, nor were
significant two-way interactions of group x sex or time x sex (Table 9). A non-significant trend
for time x group was noted (p=0.057). Time was found to have a significant main effect (Table
9), as is typical for context fear expression testing, with continued exposure to the social
conditioning context in the absence of the conditioned stimulus resulting in gradual fear
extinction. In the different sex experiment, no significant three- nor two-way interactions were
observed. Along with a main effect of time (Table 10), a significant effect of group was also
found (Table 10). Pairwise comparisons revealed significant differences between groups at
specific timepoints (Figure 5). The most consistent of these for the same sex experiment
involved Control C males in the same sex experiment exhibiting accelerated extinction
processes relative to females (Figure 5A, 5B). In the different sex experiment, the most robust
time course difference was SC males displaying less freezing behavior relative to Control D
males (Figure 5D).

Because of the natural extinction process that can occur during testing, we also specifically
examined behavioral expression of social conditioning context fear during minutes two through
six of testing, to best capture fear expression with minimal confounds from extinction processes
(61,64,65). With this approach, freezing behavior did not significantly differ between any groups
in the same sex experiment (Figure 5C), though a non-significant trend for group was noted
(Table 11; p=0.089). While no group % sex interaction occurred for the different sex experiment,
a main effect of group was observed (Table 12). After pairwise comparisons were evaluated,
the significant difference detected in the different sex experiment was the same as that
observed in the time course for males (Figure 5D); SC male mice displayed significantly less
freezing relative to Control D male mice (Figure 5F). Integrated with the results from social
interaction testing, these findings indicate that conditioned shifts in social engagement are
distinct from conditioned fear to the social conditioning context.

Table 9. Three-way repeated measures ANOVAs on social conditioning context fear testing for
mice of both sexes with same sex conspecifics.
Same Sex Experiment — Fear Expression Time Course

F Statistic p value Partial n?
Time F(11.50,609.6)=9.646 <0.001 0.154
Sex F(1,53)=2.707 0.106 0.049
Group F(3,53)=1.836 0.152 0.094
Time x Group F(34.51,609.6)=1.426 0.057 0.075
Time x Sex F(11.50,609.6)=1.590 0.094 0.029
Group x Sex F(3,53)=0.487 0.692 0.027

Time x Group x Sex  F(34.51,609.6)=1.085 0.342 0.058
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Table 10. Three-way repeated measures ANOVAs on social conditioning context fear testing
for mice of both sexes with different sex conspecifics.

Different Sex Experiment — Fear Expression Time Course

F Statistic p value Partial n?
Time F(9.434,518.9)=5.590 <0.001 0.092
Sex F(1,55)=0.030 0.862 0.001
Group F(3,55)=3.149 0.032 0.147
Time x Group F(28.30,518.9)=0.863 0.672 0.045
Time x Sex F(9.434,518.9)= 0.575 0.826 0.010
Group x Sex F(3,55)=0.844 0.476 0.044
Time x Group x Sex F(28.30,518.9)=0.483 0.990 0.026

Table 11. Two-way ANOVA on social conditioning context fear testing for mice of both sexes
with same sex conspecifics.
Same Sex Experiment — Fear Expression Average

F Statistic p value Partial n?
Sex F(1,53)=1.136 0.291 0.021
Group F(3,563)=2.288 0.089 0.115
Group x Sex F(3,53)=0.338 0.798 0.019

Table 12. Two-way ANOVA on social conditioning context fear testing for mice of both sexes
with different sex conspecifics.
Different Sex Experiment — Fear Expression Average

F Statistic p value Partial n?
Sex F(1,55)=0.000 0.993 0.000
Group F(3,55)=4.438 0.007 0.195
Group * Sex F(3,55)=1.416 0.248 0.072
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Figure 5. Day 3 social conditioning context fear behavior as time courses and averages.
Time course (A, B, D, E) and average (C, F) context fear behavior data are shown for mice in all
groups in the same sex (top row) and different sex (bottom row) experiments. For all Panels,
groups are graphed as: Control B mice, open circles and dotted lines; Control C mice, triangles
and dashed lines; Control D mice, hexagons and dashed/dotted lines; socially conditioned (SC)
mice, filled circles and solid lines. Respectively, numbers of mice in top row: males — 8, 7, 7, 6;
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females — 8, 8, 8, 9 mice. Numbers of mice in bottom row: males — 8, 7, 7, 8; females — 8, 9, 8,
8. findicates p=0.038 between Control B and C male mice at indicated time point (Panel A).
®indicates p=0.011 between Control C and D male mice at indicated time point (Panel A).
‘indicates p=0.042 between Control B and SC female mice in the same sex experiment at
indicated time point (Panel B). “indicates p=0.047 between Control D and SC female mice in the
same sex experiment at indicated time point (Panel B). ®indicates p=0.041 between Control B
mice mice of both sexes within the same sex experiment at indicated time point (Panel B).
findicates p=0.024, p=0.024, p=0.003 (left to right, Panel B) between Control C mice of both
sexes within the same sex experiment at indicated time points. Cindicates p=0.023, p=0.046,
p=0.040, p=0.048, p=0.019 (left to right, Panel D) between Control D and SC male at indicated
time points. "indicates p=0.037 between Control C mice of both sexes within the different sex
experiment at indicated time point. ‘indicates p=0.038 between SC mice of both sexes within
the different sex experiment at indicated time point. ‘indicates p=0.006. Data graphed as mean
+ 95% CI.

Serum Corticosterone

No significant differences were detected in log-transformed corticosterone levels in Control A mice
of either experiment (Table 13, Figure 6A).

Table 13. Two-way ANOVA on corticosterone for Control A mice across experiments and

sexes.
Control A Mice — Log-transformed Corticosterone
F Statistic p value Partial n?
Sex F(1,26)=1.868 0.183 0.067
Experiment F(1,26)=2.024 0.167 0.072
Sex x Experiment F(1,26)=0.044 0.836 0.002

In parallel, same sex log-transformed corticosterone levels exhibited no interaction nor main
effects, and no significant pairwise comparison results (Table 14, Figure 6B).

Table 14. Two-way repeated measures ANOVAs on corticosterone for mice of both sexes with
same sex targets.
Same Sex Experiment — Log-transformed Corticosterone

F Statistic p value Partial n?
Sex F(1,54)=0.236  0.629 0.004
Group F(3,54)=1.465 0.234 0.075

Sex x Group  F(3,54)=1.425  0.245 0.073

Different sex log-transformed corticosterone levels, while not exhibiting a significant sex x group
interaction, did display a significant main effect of sex (Table 15). Pairwise comparisons
indicated that this was primarily driven by SC males exhibiting significantly lower cort than SC
females (Figure 6C), the inverse of what was observed for different sex social interaction
(Figure 5C).

Table 15. Two-way repeated measures ANOVAs on corticosterone for mice of both sexes with
different sex targets.
Different Sex Experiment — Log-transformed Corticosterone
F Statistic p value Partial n?



https://doi.org/10.1101/2024.08.12.607663
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.08.12.607663; this version posted August 15, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Sex F(1,58)=8.683  0.005 0.130
Group F(3,58)=0.787  0.506 0.039
Sex x Group  F(3,58)=1.101 0.356 0.054
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Figure 6. Day 3 corticosterone levels following social conditioning context fear
expression testing. Log-transformed corticosterone data are shown for mice in Control A
groups (Panel A), and in the same (Panel B) and different (Panel C) sex experiments. For
Panel A, male data are shown with diamonds and dashed orange lines, female data with
squares and solid brown lines. For Panels B-C, data from left to right are: Control B mice, open
circles and dotted lines; Control C mice, triangles and dashed lines; Control D mice, hexagons
and dashed/dotted lines; socially conditioned mice, filled circles and solid lines. Numbers of
mice graphed within each panel, left to right: A)n=8,8,7,7;B)n=8,7,7,7,8, 8, 8,9; C)n=8, 8,
8,9, 8,9, 8,8. p=0.004. Data graphed as mean x 95% CI.
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Discussion

Our goal in executing these experiments was to begin establishing a paradigm for inducing
consistent, reproducible socially paired stress in mice of both sexes. While our results indicate
we have not yet fully optimized this paradigm, we nevertheless have discovered sex-specific
patterns of behavioral and physiological stress responsivity that are useful to fields incorporating
sex as a biological variable and/or seeking to employ cross-sex social stressors in mice.

In the absence of any explicit stressor, our Control A mice displayed distinctive responses to
social stimuli depending both upon the sex of the Control A mouse and the sex of their assigned
conspecific. Freezing — ceasing all movement save breathing — is an innate behavior expressed
by mice in response to a real or perceived threat, enabling threat assessment while minimizing
detection (see review (66)). Despite all mice having already encountered both their assigned
conspecific and the social conditioning context a day prior to freezing measurements during
‘acquisition’, freezing remained higher in mice of both sexes in the same sex experiment versus
the different sex experiment. Though these freezing levels were considerably less than the
~80% freezing exhibited by mice after experiencing five mild foot shocks at the conclusion of
acquisition, the discrepancy in basal freezing levels by Control A mice across experiments is
consistent and visible. This observation indicates that, in the presence of a potential sexual
partner, threat assessment is suppressed. The inverse has been demonstrated in female rats;
that is, fear attenuates sexual behaviors, at least in part through amygdala and hypothalamus
estrogen receptor signaling (67). Indirect evidence in male rats housed with females post-
context fear conditioning suggests that encounters with different sexes may suppress threat
assessment. These male rats subsequently exhibited attenuated fear expression, involving
dopamine receptor signaling in the hippocampus (68). However, a different group studying
mice reported that ejaculation by males was required for retention of extinguished social fear
conditioning (47). Continued evaluations are needed to determine whether our observations —
under conditions where copulation is impossible — that male exposure to a female can diminish
threat assessment behaviors are reproducible. An alternative explanation for our findings is that
locomotor activity was elevated, but additional studies would be necessary to determine this.
That only Control A males, but not Control A females, exhibited elevated social interaction time
with female conspecifics versus male conspecifics suggests this possibility is unlikely.
Corticosterone levels in Control A mice were relatively low as expected, given these mice were
never exposed to a mild foot shock. Similarly, neither sex nor experiment affected
corticosterone levels, suggesting no enduring stress was disproportionately experienced after
repeated same- or different-sex conspecific encounters across the four day study timeline.

Despite some interim deviations in fear acquisition across groups receiving mild foot shocks
(Controls B-D; SC mice) in each experiment, all mice ultimately ended their acquisition at similar
freezing levels. Males exhibited greater variability, as indexed by 95% Cls, across groups in
both experiments than females. This aligns with evidence that male rodent data are just as (69—
72) or more variable (54,73,74) than female data. Such relative consistency in ultimate terminal
freezing levels during social conditioning acquisition is important when interpreting subsequent
differences in social engagement, social conditioning context fear, and corticosterone levels in
each experiment; these are not confounded by social conditioning acquisition discrepancies.

Most telling from our social interaction findings are the opposing patterns of reduced social
interaction across sexes in each experiment. In the same sex experiment, socially conditioned
males exhibited reduced social engagement compared to females; in the different sex
experiment, socially conditioned females displayed attenuated social exploration versus males.
These results indicate that encoding of socially aversive experiences depends upon both the
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sex of the mouse experiencing the aversive event and upon the sex of the associated
conspecific. Such sex-specific behavior patterns correspond to evidence that accumbal
dopamine signaling dynamics in mice are sex-dependent, both upon the sex of the studied
mouse and the sex of their assigned conspecific (75). Our findings align with the success of
using social defeat to stress male mice. Additionally, they indicate that future studies seeking to
suppress female mice’s social interaction behavior through a socially associated stimulus will
meet with more success if using male, rather than female, conspecifics. Indeed, others have
met with challenges when trying to elicit behavioral shifts in female mice, even after 4 weeks of
stress that involved only female conspecifics (76). One group reported that female mice
consistently prefer a socially paired food reinforcer, even if the pairing was with a same sex
conspecific that had just previously undergone acute stress (mild foot shock) (77). Because
males’ food preference was not studied, and neither did females encounter stressed different
sex conspecifics, it remains unclear if these effects are sex-specific, and if they would
generalize to different sex interactions. Additionally, future studies will need to determine how
socially conditioning female mice to male conspecifics subsequently affects interactions with
female conspecifics, and vice versa.

Regarding social conditioning context fear exhibited by mice when tested in the absence of any
conspecifics, these did not align with changes in social interaction. For the purposes of
developing a sex-inclusive social conditioning paradigm, this is preferable. Our goal was for
mice to associate the aversive mild foot shock with their assigned conspecific, and any social
buffering of social conditioning context fear could counteract our goal. This is why our use of
conspecifics of a different strain, that were never housed even in the same room as all Control
and SC mice, ensured they had never previously been encountered by the mice tested here.
Given the critical contribution of attachment to social buffering (see review (78)), our data
indicate we can be reasonably confident there were no social buffering effects upon social
conditioning context fear in same sex experiment mice. In the different sex experiment, we did
find only in SC males that their freezing was attenuated, but only relative to Control D mice.
This could be related to our postulated threat assessment reduction relating to Control A mice,
in that males in the vicinity of a possible sexual partner could experience impaired encoding of
context cues.

Considering corticosterone measurements were taken thirty minutes after social conditioning
context fear testing, we were interested to discover that these levels were inverted with respect
to social interaction in the different sex experiment. In other words, socially conditioned males
exhibited increased interaction with female conspecifics and lower corticosterone levels, as
compared to socially conditioned females displaying reduced interaction with male conspecifics
and elevated corticosterone levels. Further, corticosterone levels did not appear to correspond
to expressions of social conditioning context fear, despite this test being most temporally
proximal to blood collection. Thus, the different sex social conditioning procedure employed
here appears sufficient to elicit both behavioral and physiological responses. However, though
corticosterone levels appear overall elevated in same sex experiment mice, there were not
group- or sex-specific differences. Most striking, corticosterone levels in same sex SC mice
looked nearly identical, meaning this physiological stress marker did not map onto the
reductions in male versus female social interaction behavior in that experiment. This could be
that the same sex experiment’s stress induction was not as enduring as that in the different sex
experiment, or it might mean that different sex social conditioning affects more neurobiological
processes than same sex social conditioning.

We may have been overzealous in our inclusion of controls. In our efforts to account for
temporally proximal social encounters with non-cage mates (Controls C and D), we potentially
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muddied the waters when it comes to interpreting how social conditioning affects behavior and
circulating corticosterone. That said, we were surprised by what our Control A mice revealed,
and think that this information helps provide context for interpreting our social conditioning
findings. Nevertheless, the overall absence of social interaction differences between Controls
B-D and SC mice (save for different sex females) indicates that this protocol requires additional
optimization to achieve its overarching goal. Evidence for social transmission of stress in
rodents suggests an alternative interpretation (79). Instead, it could be that because the
conspecific for each SC mouse did not experience the same stress (mild foot shock), this in turn
affects the SC mouse’s perception of their aversive experience (51), likely in a sex-specific
manner. Even if so, the present findings still generate useful information about environmental
threat assessment in social contexts, and highlight heretofore unrecognized sex-specific social
learning influences under aversive conditions.

Another limitation is that we could not obtain time course corticosterone measurements without
introducing additional confounding stressors to repeatedly sample blood. Daily blood sampling
would reveal if our corticosterone observations are attributable to the initial conditioning day, the
social interaction or social conditioning context fear tests, and/or if these differences are
transient or persistent. These experiments were all performed in sexually naive mice, so we
recognize that sexually experienced mice (for example (80)) of both sexes might respond,
behaviorally and physiologically, in a manner distinct from what we report here. Earlier
practices of dividing mice into ‘susceptible’ and ‘resilient’ groups following social stress have
more recently, and justifiably, fallen out of favor, given such responses are artificially elicited,
context-specific, and neither phenotype can be universally deemed ‘better’ or ‘worse’ (27,81).
We therefore evaluated all socially conditioned mice as a single group. Yet, possible bimodal
distribution of social interaction behavior looks likely in all but the different sex male SC mice.
Increasing numbers to establish definitive thresholds with sufficient power for phenotypic
grouping might prove useful, particularly with the same sex setup. Finally, our studies used a
brief protocol spanning only four days, intended for high throughput and maximal comparison to
other social stress literature. We therefore cannot speak to whether these outcomes persist for
weeks or months, timeframes that are ethologically relevant for social learning and memory.

Here, we have reported a novel foray into sex-inclusive efforts to develop a controllable social
stress paradigm in mice. These experiments have provided utilizable insights regarding how
mice of both sexes associate a same- or different-sex conspecific with an aversive experience.
We report that these associations seem strongest in males after same sex encounters, and in
females after different sex encounters. Such distinctive responses are probably evolutionarily
favorable. Given the behaviorally exhibited associations could inversely correspond to
circulating corticosterone levels under different sex conditions, we propose that future studies
focused on socially stressing females utilize male conspecifics for optimal outcomes.
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Supplemental Details

Specifics of outlier determinations are provided below. To reach criterion as an outlier, a single
data point must have exceeded four standard deviations (SDs) + mean in the absence of that
single suspected outlier. Confirmed outliers are marked by highlighting. Three mice did not
interact at all with their social target, and thus were excluded from social interaction analyses (1
different sex Control A female; 1 same sex Control B female; 1 same sex Socially Conditioned
male); these mice are indicated by yellow highlighting.

Different Sex Female Control A
Social Conditioning Baseline Freezing (%)

Mouse ID Data Outlier Determination
6.220 Avg

SB097 3.229 6.300 SD

SB163 9.553 56.624 Avg +8SD

SB164 10.259

SB165 17.223

SB166 0.000

SB167 1.840

SB168 1.438

NOTE: SB096 excluded from all subsequent measures

Same Sex Male Social Conditioning Group
Average Testing Freezing (%)

Mouse ID Data Outlier Determination
SB019 87.333 80.128 Avg

SB021 78.431 3.990 SD

SB037 80.459 44.218 Avg-9 SD
SB053 81.160

SB054 76.585

SB059 76.799

Different Sex Male Control C

Average Testing Freezing (%)

Mouse ID Data Outlier Determination
SB107 81.244 83.166 Avg
SB108 72.553 8.795 SD

39.189 Avg-5SD

SB123 95.672
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SB152 76.618

SB153 94.453

SB154 78.569

SB169 83.053

Different Sex Male Control D

Average Testing Freezing (%)

Mouse ID Data Outlier Determination

SB090 88.963 87.426 Avg

SB091 87.096 3.049 SD

SB092 88.510 59.987 Avg -9 SD

SB093 91.733

SB126 85.100

SB128 82.205

SB129 88.378

Different Sex Male Social Conditioning Group

Average Testing Freezing (%)

Mouse ID Data Outlier Determination
68.336 Avg

SB083 78.920 12.742 SD

SB084 50.024 17.367 Avg -4 SD

SB105 59.566

SB106 75.898

SB134 85.705

SB135 57.283

SB148 61.651

SB149 77.639

Same Sex Female Control B

Log-Transformed Social Interaction

Mouse ID Data Outlier Determination
SB020 1.196 1.707 Avg
SB023 2.246 0.390 SD

SB033 1.672 0.146 Avg-4 SD
SB034 1.797
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SB060 1.352

SB078 -3.000 No social interaction - excluded
SB079 1.981

Same Sex Male Control A

Log-Transformed Social Interaction

Mouse ID Data Outlier Determination
SB017 2.191 2.155 Avg
SB018 2.145 0.054 SD
SB035 2.140 1.504 Avg-12SD
SB036 2.060
SB050 2.148

|sBost 1486
SB057 2.162
SB058 2.237
Same Sex Male Social Conditioning Group
Log-Transformed Social Interaction
Mouse ID Data Outlier Determination
SB019 2171
SB021 1.591
SB037 -3.000 No social interaction - excluded
SB038 1.933
SB053 1.354 1.757 Avg
SB054 1.502 0.320 SD
SB059 0.519 0.478 Avg-4SD
SB066 1.990
Different Sex Female Control A

Log-Transformed Social Interaction

Mouse ID Data Outlier Determination
SB097 -3.000 No social interaction - excluded
SB163 2.262

SB164 2.160

SB165 2.321

SB166 2.221

SB167 2.169
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SB168 2.164

Different Sex Female Control B
Log-Transformed Social Interaction

Mouse ID Data Outlier Determination
SB102 2.367 2.267 Avg
SB103 2.272 0.092 SD

1.808 Avg-5SD
SB133 2.183
SB140 2.145
SB142 2.388
SB157 2.300
SB158 2.212
Different Sex Female Control D

Log-Transformed Social Interaction

Mouse ID Data Outlier Determination
SB104 2.372 2.214 Avg
SB114 2.187 0.134 SD
SB119 2.240 1.678 Avg-4SD
SB159 1.976
SB160 2.154
SB161 2.360
SB162 2.210
Different Sex Male Control A
Log-Transformed Social Interaction
Mouse ID Data Outlier Determination
SB076 2.208 2.279 Avg
SB098 2.222 0.050 SD

1.930 Avg-7SD
SB143 2.302
SB144 2.306
SB172 2.315

SB173 2.319
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