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Social avoidance is a common characteristic of many clinical psychopathologies and is often triggered by social
stress. Our lab uses Syrian hamsters to model stress-induced social avoidance, and we have previously
established that both inescapable and escapable social defeat result in increased social avoidancewhen compared
with no-defeat controls. Our previous work suggested, however, that social avoidance was significantly greater
after inescapable defeat. The goal of this study was to determine if this difference in behavior after the two
types of defeatwas due to experimental differences in the controllability (i.e., escapability) of the defeat or simply
to differences in the overall duration of the defeat. In Experiment 1, we used a yoked design to hold constant the
duration of defeat between escapable and inescapable defeat conditions. This design resulted in only a very brief
social defeat, yetwhen comparing defeated animalswith no-defeat controls, a significant increase in social avoid-
ance was still observed. In Experiment 2, we also used the yoked design, but the escape task wasmade more dif-
ficult to ensure a longer defeat experience. Again, we observed no effect of controllability. Together, these data
suggest that the ability to escape a social stressor does not reduce the impact of the stressful experience. These
results emphasize that social stressors need not be prolonged or uncontrollable to produce marked effects on
subsequent behavior.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Social stress is a major risk factor for the development of psychopa-
thologies such asmood and anxiety disorders [1–3]. Syrianhamsters are
excellent subjects withwhich to study social stress because they readily
exhibit high levels of territorial aggression towards an intruding con-
specific, yet their agonistic interactions are highly ritualized and rarely
result in physical injury [4]. Thus, with hamsters it is possible to effec-
tively focus on the psychological effects of social stress rather than the
physiological effects resulting fromphysical injury or trauma. Strikingly,
after only one social defeat, Syrian hamsters subsequently abandon all
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territorial aggression and instead become highly submissive [5]. This
drastic change in behavior, termed conditioned defeat, persists for up
to one month in the majority of hamsters [4].

Our laboratory's standard method of producing conditioned defeat
has been to expose hamsters to a 15 min inescapable defeat during
which the animal is confined to the resident aggressor's home cage
[6,7]. We have maintained that conditioned defeat is an ethologically
relevant form of fear conditioning, but it is possible that the biological
relevance of this phenomenon is limited somewhat by the fact that
the animals are not able to escape from the aggressor. To determine if
conditioned defeat is simply an epiphenomenon of the inescapable de-
feat experience, we previously examined whether conditioned defeat
would also occur in animals subjected to amodel of escapable social de-
feat [8]. While we demonstrated that animals experiencing an inescap-
able social defeat exhibited significantly more social avoidance than did
either no-defeat controls or animals experiencing an escapable defeat, it
is critical to note that the animals exposed to an escapable defeat also
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displayed significantly more social avoidance than did no-defeat con-
trols. This study provided clear evidence that conditioned defeat is not
merely an epiphenomenon of an inescapable defeat experience but
also occurs after an escapable defeat. The question of whether inescap-
able defeat truly produces more social avoidance than does escapable
defeat was left unanswered, however, because the animals in the
escapable defeat group, in addition to having control in terms of being
able to terminate the defeat, were also exposed to the resident
aggressor for significantly less time than were animals in the inescap-
able defeat group.

Both the controllability and the duration of a stressor have been
shown to influence the behavioral changes observed after a stressful
experience. In rats, for example, the ability to control the termination
of a tail shock decreases the behavioral reaction to later stressors, such
that controllability purportedly acts as a stress buffer [9]. This effect of
control is also observed in drug abuse studies wherein stressor control-
lability reduces the subsequent conditioned place preference for mor-
phine [10]. Furthermore, the phenomenon of learned helplessness
develops in rats only after exposure to uncontrollable, but not similar
controllable, stressors (for a detailed review, see [11]). In humans, the
subjective helplessness of a situation is correlated with perceived pain
intensity, such that people who report higher feelings of helplessness
during an electric skin stimulation test also report higher levels of
pain [12]. Similarly, stressor duration also can alter stress responding
and subsequent behavior. C57BL/6mice exhibit social avoidance behav-
ior after long-term but not after short-term social defeat [13], and
antinociception is significantly greater in mice after 15 min of forced
swim compared with 3 min [14]. Thus, the purpose of the current
studywas to determinewhether the apparent difference in social avoid-
ance previously observed between inescapable and escapable defeat
was due to differences in the controllability or in the duration of the
social stressor.

2. Material and methods

2.1. Animals

Adult male Syrian hamsters, approximately 12 weeks old and
weighing between 120–140 g, were obtained from Charles River Labo-
ratories (Wilmington,MA). All animals were singly housed upon arrival
in polycarbonate cages (23 × 43 × 20 cm) with corncob bedding and
cotton nestingmaterial. Resident aggressors (RA)were larger hamsters,
at least six months of age that had previously proven to quickly and
reliably attack an intruding conspecific. Animals were maintained on a
14:10 h light/dark cycle and food and water were available ad libitum.
Subjects were handled daily before the start of any manipulation to
reduce the stress of experimenter handling. All behavioral manipula-
tions were done in a dedicated hamster suite in the vivarium within
the first 3 h after lights off. All procedures and protocols were approved
by the Georgia State University Institutional Animal Care and Use Com-
mittee and were in accordance with the standards outlined in the
National Institutes of Health Guide for Care and Use of Laboratory
Animals.

2.2. Experiment 1

Animals were randomly divided into 4 weight-matched behavioral
groups: escapable defeat (n = 8); inescapable defeat (n = 8); novel
cage no-defeat control (n = 8); home cage no-defeat control (n = 7).
Defeated animals were divided into yoked pairs with one assigned to
escapable defeat and the other to inescapable defeat. Defeats or novel
cage exposure occurred on Day 1, and all animals were tested for social
avoidance 24 h later (Day 2) as described below. Novel cage controls
were also yoked to a defeat pair and were placed in a novel cage con-
taining soiled bedding from a randomly assigned RA for the duration
of the defeat to which they were yoked and were then returned to
their home cage until testing. The plastic mesh box used to confine
the RA during social avoidance testing on Day 2 was placed in the
cage during all behavioral manipulations on Day 1. Home cage controls
were brought to the testing suite but were left undisturbed in their
home cage on Day 1. Animals were closely monitored during all defeat
sessions to ensure no injury to either animal. All behavioral manipula-
tions occurred under dim red illumination and were video recorded
with a CCD camera for later analysis.

2.2.1. Escapable defeat
Escapable defeat followed the sameprotocol as described previously

[8]. In brief, animals were placed into the home cage of a randomly
assigned RA and were allowed to escape by jumping out of the cage.
Each escapable defeat consisted of three trials separated by an intertrial
interval of 3 min, during which the subject was returned to its home
cage. Each trial was terminated when the subject successfully fled the
RA's home cage. Latency to escape the RA's cage was recorded for each
trial, and latencies were summed to obtain a total exposure time to
the RA across all three trials. To account for variability in the time it
took for the RA to attack the intruder during the first pairing, the latency
to escape on the first trial was calculated from the time of the RA's first
aggressive posture. Total exposure time after the first attack in Trial 1
was added to Trials 2 and 3 to obtain the yoked, total exposure time.

2.2.2. Inescapable defeat
Animals assigned to the inescapable defeat group were each yoked

to an animal assigned to the escapable defeat group. Immediately after
its partner concluded Trial 3 of the escapable defeat, the yoked subject
was placed in a randomly assigned RA's cage, and a clear plastic lid
was placed on top to prevent either animal from escaping during the
defeat session. After the first agonistic behavior was produced by the
RA, the subject in the inescapable defeat condition was left in the RA's
cage for the yoked time calculated from its partner in the escapable
condition.

2.3. Experiment 2

Because the duration of defeat was quite low in the first experiment
and the associated defeat-induced behavioral responses were corre-
spondingly modest, we designed Experiment 2 to re-examine the role
of control and duration in a group of animals that were subject to a lon-
ger social defeat. We also altered the design slightly so that all of the
subjects experienced three behavioral trials on Day 1. In Experiment 2,
animals were randomly divided into 3 weight-matched behavioral
groups: escapable defeat (n = 17); inescapable defeat (n = 17);
novel cage no-defeat control (n = 17). Each animal in the inescapable
and control group was yoked to an animal in the escapable group as
in Experiment 1; however, instead of using the total time of exposure
after first attack as the yoked time for the inescapable defeat group,
each trial was yoked. This allowed both the inescapable group and
the no-defeat control group to experience 3 separate trials and thus
standardized the design among groups asmuch as possible. As in Exper-
iment 1, the plastic mesh box used to enclose the RA during testing on
Day 2 was in the cage during all defeats and novel cage exposures on
Day 1.

2.3.1. Escapable defeat
Escapable defeat followed the same protocol as Experiment 1 except

that each trial became increasingly harder to escape in order to ensure
each escape was a result of the defeat itself and not in anticipation of
the defeat. This also increased the duration of the defeat experience
while still allowing control over the termination of each trial. In Trial 1
the plastic lid was left completely off the cage as it was in Experiment
1. In Trial 2 the lid covered half the cage, and in Trial 3 the lid covered
three quarters of the cage. If the subject failed to escape during Trials
2 and 3 within 5 min, the lid was completely removed to allow easier
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escape. All trials were terminated after 10 min if the subject failed to
escape. As in Experiment 1, the latency to escape on Trial 1was calculat-
ed from the time of the first attack by the RA.
2.3.2. Inescapable defeat
In Experiment 2, animals in the inescapable group experienced 3

trials of defeat to more closely mimic the escapable defeat condition.
Each trial was yoked, such that animals in the inescapable defeat
group were placed in the RA's cage for the same amount of time as
their escapable partner during Trials 1, 2 and 3. Subjects were placed
back in their home cage during the 3-min intertrial interval.
2.3.3. Novel cage controls
Similar to animals in the inescapable defeat group, novel cage con-

trols were placed in a novel cage with a handful of soiled RA bedding
on 3 separate trials, each timed to match their escapable partner. No-
defeat controls were also placed back in their home cages during the
3-min intertrial interval.
2.4. Social avoidance testing

Social avoidance testing on Day 2 for both Experiments 1 and 2
followed the protocol previously described by McCann and Huhman
[8]. All subjects were tested with an unfamiliar RA for 5 min. We
chose to use the caged-opponentmethod of testing, rather than a freely
moving non-aggressive intruder [6,7], tomimic our original study com-
paring inescapable and escapable defeats. Unfamiliar RAs were chosen
because we were not testing social recognition in this study and the
no-defeat controls did not have any direct contact with an RA on
Day 1, therefore, familiar RAs could not be used. RAs were confined to
a small, plastic mesh box (13.5 × 13.5 × 7 cm) that was placed on one
side of a novel arena. At the beginning of the testing period, subjects
were placed in the far end of the arena facing away from the RA, and
their movements about the cage were recorded throughout 5 min. All
animals were returned to their home cage after testing. Time spent in
the far half of the testing arena away from the confined RA was used
to assess social avoidance and was compared across behavioral groups
within each experiment. No-defeat controls served as a baseline for nor-
mal exploratory behavior about the cage. Overt submissive behavior
(e.g., flees and risk assessments as defined previously [8]) and flank
marking were also recorded and compared across groups within each
experiment.
2.5. Statistical analysis

Independent t-tests were used when comparing two groups. When
comparing 3 or more groups, a one-way ANOVA was completed using
Fisher's Least Significant Difference for post-hoc analysis. Non-
parametric tests (Kruskal–Wallis using Mann–Whitney U for post-hoc
analysis) were completed when the variances in our behavioral data
were not homogenous (Levene's Test p b 0.05). All mean comparisons
were determined a priori. All data are shown as mean ± standard
error of the mean.
Table 1
Latency to escape RA's cage in Trials 1, 2, and 3 of escapable defeat (mean in
seconds ± S.E.M.) * significantly different than Trial 1 (p b 0.05).

Trial 1 Trial 2 Trial 3

Experiment 1 106.50 ± 33.24 35.75 ± 12.04* 16.50 ± 9.77*
Experiment 2 100.18 ± 34.2 246.94 ± 30.93* 261.76 ± 35.32*
3. Results

3.1. Experiment 1

3.1.1. Duration of RA exposure during defeat training
The latency to escape the RA's cage during escapable defeat was sig-

nificantly lower in Trials 2 and 3 comparedwith Trial 1 (F(2,21) = 11.59,
p = 0.00; Table 1). There was no difference in the latency to the first
attack between escapable and inescapable defeats (escapable defeat
51.88 ± 11.06 s; inescapable defeat 77.00 ± 23.79 s; t(14) = −0.958,
p = 0.354) and therefore no difference in total exposure to the RA
(escapable defeat 210.63 ± 44.64 s; inescapable defeat 235.75 ±
38.20 s; t(14) = −0.428, p = 0.675). The average time of exposure
after the first attack (yoked time) was 158.75 ± 41.82 s. The average
duration of aggression of the RA towards the subject was not different
between the two defeat groups (escapable defeat 80.27± 15.79 s; ines-
capable defeat 105.17 ± 22.11 s; t(14) = 0.917, p = 0.375).
3.1.2. Social avoidance testing
One subject in the novel cage control group had to be excluded from

the analysis in Experiment 1 because the RA escaped the stimulus box
during social avoidance testing (final n = 7 for this group). There
were no statistically significant differences between the two no-defeat
control groups in Experiment 1 (home cage control: 131.14 ± 18.07;
novel cage control: 103.14 ± 11.35; t(12) = 1.312, p = 0.214) and,
therefore, these two groups were combined for final statistical analysis.
Time spent in the far half of the arena during social avoidance testing
was statistically similar across all groups (Kruskal–Wallis p = 0.378;
Fig. 1). There were also no differences in number of risk assessments,
flees, or flank marks (Table 2). There was an overall effect, however, of
defeat when animals were collapsed across defeat type (t(28) = 2.129,
p = 0.042; Fig. 2).
Fig. 1. Avoidance time (seconds) for Experiment 1. Time spent in the far half of the testing
arena away from the caged opponent during social avoidance testing. There were no sig-
nificant differences among groups (p N 0.05).



Table 2
Frequency of behavior observed during social avoidance testing (mean ± S.E.M.)
*significantly greater than inescapable defeat and no defeat controls (p b 0.05).

Risk assessments Flights Flank marking

Experiment 1
Escapable defeat 1.50 ± 0.38 0.75 ± 0.37 0.38 ± 0.38
Inescapable defeat 3.00 ± 0.96 0.25 ± 0.16 0.00 ± 0.00
No defeat control 1.07 ± 0.40 0.00 ± 0.00 1.14 ± 0.65

Experiment 2
Escapable defeat 2.06 ± 0.60 0.88 ± 0.28* 0.24 ± 0.14
Inescapable defeat 1.73 ± 0.46 0.20 ± 0.14 0.40 ± 0.34
No defeat control 1.00 ± 0.88 0.06 ± 0.06 2.00 ± 0.77

Fig. 3. Avoidance time (seconds) for Experiment 2. Defeated animals from both groups
avoided significantly more than did no-defeat controls (* p b 0.05).
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3.2. Experiment 2

3.2.1. Duration of RA exposure during defeat training
In order to increase the duration of exposure to the RA but also to

maintain a level of escapability, escapable defeat trials became increas-
ingly harder to escape in Experiment 2. Consequently, the latency to
escape the RA's cage in Trials 2 and 3 in Experiment 2 was significantly
higher than that in Trial 1 (F(2,48) = 7.093, p = 0.002; Table 1). The
average exposure to the RA after first attack in Experiment 2 was
608.88 ± 66.56 s. The amount of aggression was not different between
the two defeat groups (escapable defeat 200.34 ± 33.77 s; inescapable
defeat 170.4 ± 24.87 s; t(30) = −0.698, p = 0.491). Two animals in
the inescapable defeat group in Experiment 2 were excluded from
the study because they defeated their RAs during defeat training (final
n = 15 for this group).
3.2.2. Social avoidance testing
Animals in both defeat groups avoided the caged opponent signifi-

cantly more than did controls during social avoidance testing on Day 2
Fig. 2. Avoidance time (seconds) for Experiment 1. When defeat groups were col-
lapsed, defeated animals avoided the RA significantly more than did no-defeat con-
trols (* p b 0.05).
in Experiment 2 (Kruskal–Wallis p= 0.000; Fig. 3). Animals experienc-
ing an escapable defeat also exhibited significantlymore flees (Kruskal–
Wallis p = 0.008; Table 2) from the caged opponent.

4. Discussion and conclusion

The yoked experimental design used in the current study allowed us
to hold constant the duration of defeat in order to determine if control-
lability (i.e., escapability) or if duration was the primary factor contrib-
uting to the previously observed difference in social avoidance
following escapable versus inescapable social defeat. The present results
from both experiments demonstrate that having control over social de-
feat, in terms of being able to terminate the encounter by escaping from
the cage of the resident aggressor, does not reduce the effect of defeat
because animals in the escapable and inescapable defeat groups subse-
quently exhibited similar social avoidance.

It is perhaps surprising that having control over the termination of
the social stressor did not reduce its impact. As mentioned above, hav-
ing control over a stressor has generally been shown to reduce the det-
rimental effect of the stressful experience. There are several factors that
may explain the differences in the findings. First, most studies investi-
gating the effects of controllability have used non-social stressors,
such as foot or tail shock (for review, see [15]). Thus, it is possible that
social stressors, which are ethologically relevant, are simply more
salient to the animals and that being able to terminate the encounter
in no way diminishes its importance. Another important difference is
that the defeated subjects are removed from the stressful environment
and returned to their home cages during the inter-trial interval. In
experiments examining escapable versus inescapable shock, animals
are typically left in the context in which they are shocked until all trials
are complete, thus prolonging and perhaps exacerbating the stressful
experience. In addition, most studies examining the role of behavioral
control usemany trials in which the subject can control the termination
of the stressor. For example, studies utilizing controllable shock usually
incorporate 80–100 trials of the escapable stressor, slowly increasing

image of Fig.�2
image of Fig.�3


29K.E. McCann et al. / Physiology & Behavior 129 (2014) 25–29
the intensity of the shock over the course of the trials tomaintain escape
behavior [9,10]. The current study included only three, relatively brief
trials of escapable defeat, perhaps precluding any effect of control. It is
possible that escapable versus inescapable defeats experienced over
manymore trials or over several days or weeksmight eventually gener-
ate differences in social avoidance based on controllability.

The results presented here suggest that a difference in the duration
of the defeat experience is the primary factor leading to the previously
observed differences in social avoidance after inescapable versus
escapable defeat. InMcCann andHuhman [8], the total exposure of sub-
jects to the RA in the inescapable defeat group was an uninterrupted
15 min (900 s), whereas the escapable defeat condition resulted in
only an average of 206 ± 43.85 s of total exposure to the RA separated
across 3 trials. By contrast, the duration of defeat experience was held
constant in this study, ultimately leading to similar levels of social
avoidance behavior after inescapable and escapable social defeat. In Ex-
periment 1, the escapable defeat followed the same protocol used pre-
viously [8], and the inescapable defeat was then yoked to the total
duration of the escapable trials in order to mimic the 15 min, uninter-
rupted protocol used in our previous study. This resulted in very limited
defeat (159 ± 42 s), because the hamsters quickly learned how to es-
cape in Trials 2 and 3. Many studies examining stressor controllability
will increase the difficulty of the task required to escape the stressor
on subsequent trials to ensure that the escape is due to the stressor,
itself, and is not produced in anticipation of the stressor [16–18]. In
Experiment 2, we wanted to increase the duration of the overall defeat
experience while still maintaining the differences in controllability;
thus, we made it increasingly harder to escape on each subsequent
trial. In addition, to equalize better the escapable and inescapable defeat
experiences, we also yoked each trial so that all three groups (both de-
feat groups as well as no-defeat controls) experienced three separate
trials. These procedural changes were effective in that the duration of
exposure to the RA was longer in Experiment 2 than in Experiment 1
(average of 609 s of exposure versus 159 s, respectively), and both
defeat groups in this experiment exhibited significantlymore avoidance
than did no-defeat controls. Notably, there were still no differences in
social avoidance between the two defeat groups. Thus, it appears clear
from the results of both Experiments 1 and 2 that the previously
observed differences in behavior during social avoidance testing be-
tween the inescapable and escapable defeat groups was a result of the
differential durations in aggressive behavior experienced by the two
groups rather than the ability of one group to exercise control over
the social stressor by escaping from the resident aggressor.

It is important to note that while there were no differences in social
avoidance between the two defeat groups in Experiment 1, the
extremely limited defeat experience (158.75 ± 41.82 s) still produced
significant social avoidance in defeated animals when compared with
no-defeat controls. These results provide evidence that social stressors
need not be severe, uncontrollable, or prolonged to have a pronounced
effect on subsequent behavior. In humans, stressors are frequently so-
cial in nature and can lead to the development of any number of clinical
psychopathologies with which social avoidance is associated, including
depression (for review, see [19]), anxiety [20], and posttraumatic stress
disorder [21]. The stressors that can trigger the onset of social avoidance
vary considerably in their perceived severity, and thus, it is significant
that a seemingly mild social defeat in hamsters still resulted in signifi-
cant social avoidance behavior. The present findings, in conjunction
with our previouswork, suggest that conditioned defeat is a particularly
sensitive animalmodel for the social avoidance that is often observed in
humans following social stress and that examination of this model is
useful to expand our understanding of how additional environmental
factors, such as the duration of or the ability to escape from a social
stressor, contribute to stress-induced social avoidance.
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