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We  propose  two  models  of  social  modulation  of  extinction  memory  retrieval.
Extinguished  fear  response  renews  in  the  presence  of  a fearful  conspecific.
Extinguished  avoidance  response  renews  in  the  presence  of  a fearful  conspecific.

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 13 June 2012
eceived in revised form 16 October 2012
ccepted 18 October 2012
vailable online 26 October 2012

a  b  s  t  r  a  c  t

Return  of fear  after  extinction  is a considerable  challenge  for the  efficacy  of  exposure-based  therapies.
Fear  recovery  is  most  often  modeled  in the  laboratory  by changing  the  experimental  context  and  studied
in isolated  animals.  Since  social  context  is an  important  factor  affecting  behavior,  the  question  arises
how  it influences  the  recovery  of  extinguished  fear.  Here  we  present  two novel  behavioral  models  that
allow studying  social  modulation  of  extinction  memory  retrieval.  We  show  that  the  presence  of  a fearful
cage mate  results  in  a  robust  renewal  of  freezing  as well  as  avoidance  responses  that  were  previously
eywords:
ear conditioning
lace avoidance
xtinction
enewal
mpathy

successfully  extinguished.
© 2012 Elsevier B.V. All rights reserved.
nxiety disorders

Fear-eliciting properties of a stimulus acquired through con-
itioning can be extinguished by a repeated presentation of the
onditioned stimulus (CS) in the absence of the unconditioned stim-
lus [1].  Similarly, extinction of learned place avoidance behavior
ccurs when visiting the place is no longer punished [2].  However,
uch extinction process does not reflect unlearning of the original
ssociation, but results in a transient inhibition of fear. For example,
xtinguished fear responses may  return after a change of context
renewal phenomenon) [3].

In recent years, increased interest in mechanisms underlying
ear extinction has emerged, partly because it is a useful model
or exposure-based therapies for the treatment of human anxi-
ty disorders, such as phobias and post-traumatic stress disorder
4]. The return of fear after extinction is a considerable challenge
or maintaining long-lasting fear suppression after exposure-based
herapies [5].  Until recently, the fear extinction and recovery

henomena were studied only in isolated animals. However, since
icarious experience accounts of both etiology and extinction of
hobias have been shown in humans [6,7], social modulation seems
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to be an important factor that can affect the efficacy of exposure
based therapies.

Social modulation of fear and avoidance learning in animal
models was  shown before [8–11]; however until now there were
no animal models allowing for studying vicarious modulation of
aversive memories extinction. In the present study, we examined
influence of a fearful conspecific’s presence on the rate of retrieval
of fear and place avoidance extinction memory.

In the first experiment we tested retrieval of fear extinction
memory in the presence of a fearful conspecific. Male 2–3-month-
old C57BL/6 male mice were housed in pairs, extensively handled
for 3 weeks in order to minimize stress caused by an experimenter’s
presence and habituated to transport to experimental room and
to experimental cage (in three 10-min sessions). Then, the mice
were subjected to fear conditioning and extinction in the Panlab
shuttle-box for mice (LE918), which was  divided by a perforated
transparent partition allowing the mice to see, hear and smell the
neighbor, but not to contact him physically. The mice were trained
and tested in the left or right part of the shuttle-box cage (for

every animal the side of the cage was  the same through the whole
behavioral procedure). Sensory stimuli were adjusted to generate
two distinct contexts (context A: room lights on, the cage cleaned
with a 1% acid solution, the mice transported to this context in

dx.doi.org/10.1016/j.bbr.2012.10.031
http://www.sciencedirect.com/science/journal/01664328
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Fig. 1. Experimental design for social modulation of conditioned fear extinction model. The mice were housed in pairs. Both animals from each pair were separately subjected
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o  cued fear conditioning (COND) or exposed to the auditory stimuli but not conditio
xtinction (E). Another mouse from the pair was  exposed to the experimental cage
he  mice were tested either together (TT) or separately (TS).

ransparent plastic boxes; context B: room lights off, a 60 W red
ight provided illumination, the cage cleaned with a 1% ammonium
ydroxide solution, the mice transported to this context in black
lastic boxes). The freezing response was recorded by the camera
laced in front of the cage and the computer system located in
he adjoining room. The levels of freezing during training, extinc-
ion and test sessions were analyzed with BehaFreeze software and
ransformed to a percentage of total observations. The mice were
ivided into six groups (Fig. 1). Firstly, the animals were separately
ubjected to cued fear conditioning (COND: 5 CS–US associations,
S: 20 s, 85 dB, 5 kHz; US: footshock, co-terminated with CS: 1 s,
.6 mA)  or exposed to the auditory stimuli but not conditioned
noCOND). All mice were conditioned/exposed in context A. Sub-
equently, one mouse of the pair was subjected to six sessions of
ear extinction (E: 10 CSs, context B). Another mouse from the pair
as exposed to the experimental cage for the same amount of time
ithout the CSs presentation (noE). On the following day, the mice
ere tested either together (TT) or separately (TS) by presenting

hem with 10 CSs in context B.
During fear conditioning all mice efficiently acquired freezing

esponse to the CS. The subsequent fear extinction procedure sig-
ificantly reduced the conditioned response (Fig. 2). However, the
resence of a cage mate showing high freezing response resulted

n robust renewal of fear in mice that previously successfully extin-
uished fear. These observations were confirmed by the statistical
nalysis. The levels of freezing during six extinction and one test
essions in the COND-E-TT(1 and 2), COND-E-TS and noCOND-
oE-TT groups (see Fig. 1 for explanation of group labeling and
ig. 2 for behavioral data) were analyzed by three-way analysis
f variance (ANOVA). A 4 (group) × 7 extinction and test ses-
ions (session) ANOVA for repeated measures of the percentages

f freezing response observed in consecutive 10 trials (trial) for
ach session revealed the group (F(3,25) = 80.73, P < 0.0001), session
F(6,150) = 35.44, P < 0.0001) and trial (F(9,225) = 9.19, P < 0.0001)
ffects, as well as group × session (F(18,150) = 6.34, P < 0.0001) and
noCOND). Subsequently, one mouse of the pair was subjected to six sessions of fear
e same amount of time without the CSs presentation (noE). On the following day,

group × trial (F(27,225) = 2.63, P < 0.0001) interactions. Results of fur-
ther post hoc Duncan tests for these interactions indicated that the
dynamics of freezing responses observed during extinction and test
sessions was  different in groups COND-E-TT(1), COND-noE-TT and
COND-noE-TS in comparison to other groups (P < 0.02 or better).
In the mice tested together with a partner with high level of fear,
the freezing response significantly increased comparing to the last
day of extinction, as well as comparing to the group tested sep-
arately. Since presence of unstressed, familiar mice in the cage
had no effect on the level of freezing in the observers, the effect
seems to be specific to the high freezing level of the demonstra-
tor mice. This was confirmed by results of three-way ANOVA for
freezing responses performed in consecutive 10 trials of the last
extinction and test sessions in the COND-E-TT(1 and 2), COND-E-TS
and noCOND-noE-TT groups. A 4 (group) × 2 (session) ANOVA for
repeated measures of the percentage of freezing observed in extinc-
tion and test trials (trial) showed the group (F(3,25) = 5.10, P < 0.01)
and trial (F(9,225) = 2.30, P < 0.02) effects, as well as group × session
(F(3,25) = 3.99, P < 0.02) interaction. An additional one-way ANOVA
for percentage of freezing responses observed in all experimen-
tal groups in the test session yielded significant between-group
differences (F(5,60) = 31.98, P < 0.0001). Further post hoc Duncan
tests showed that the level of freezing in the COND-E-TT(1) group
was significantly higher than in the COND-E-TS, COND-E-TT(2)
and noCOND-noE-TT groups (P < 0.0001 for all comparisons). Simi-
larly, increased freezing response was observed in the groups that
were not subjected to extinction procedure (COND-noE-TT and
COND-noE-TS), and these groups also differed from the COND-E-TS,
COND-E-TT(2) and noCOND-noE-TT groups (P < 0.0001). Relatively
higher level of freezing was  seen in the COND-E-TS group in com-
parison to the noCOND-noE-TT group (P < 0.04). Moreover, in all

groups the percentage of freezing was analyzed for the pre-CS
periods. The results show that the presence of a fearful conspe-
cific resulted in the increased freezing not only in response to the
CS but also to the experimental context. One-way ANOVA yielded
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Fig. 2. Social modulation of conditioned fear extinction. The level of freezing was  measured during six subsequent sessions of extinction and the test session. All mice
subjected to fear conditioning and subsequent fear extinction significantly reduced the conditioned response (freezing) to the CS. Exposure to a fearful familiar conspecific
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esulted in renewal of conditioned fear in mice that were previously subjected to su
on-conditioned partner (C). Open circles and triangles – the level of freezing to the
rst  CS was presented in a given session); error bars ± SEM.

roup effect (F(5,380) = 3.93, P < 0.01), and further post hoc Duncan
ests showed that the level of freezing recorded in the pre-CS period
n COND-E-TT(1) and COND-noE-TT groups was significantly higher
han in other groups (P < 0.04 or better).

In the second experiment we examined the influence of con-
pecifics’ behavior on renewal of avoidance responses. Male
–3-month-old C57BL/6 male mice were trained and tested in the
ntelliCage system [12]. The animals were subcutaneously injected

ith microtransponders (Trovan, ID-100), which emit a unique ani-
al  identification code when activated by a magnetic field. After

8 h the mice were introduced to the IntelliCage, which can be
riefly characterized as follows (for a detailed description of the
age, see [12]). The cage was equipped in four operant learning

hambers that fit into the corners of the housing cage. Access
nto the chamber was provided via a tubular antenna reading the
ransponder codes. The design restricted access to the learning
hamber for a single mouse only. The chamber, equipped with
ul extinction procedure (A), comparing to mice tested separately (B) or tested with
lled circles and triangles – the level of freezing in the adaptation period (before the

a proximity sensor, contained two openings permitting access to
drinking bottles. Aversive stimulation was delivered in forms of
air-puffs directed to the head of the mouse through tubing con-
trolled by electric valves. Each operant chamber was  also equipped
in signaling LEDs. In addition, the cage contained a sleeping shelter
in the center on which the animals could climb to reach the food
(ad libitum). The cage was  controlled by a microcomputer recogniz-
ing visits in the operant chambers, nosepokes, and tube-lickings
of individual mice, and delivering punishment (by entering the
test chamber) according to preprogrammed schedules depending
on the assignment of the mice to different test groups within the
same cage. The system ran continuously for several days, behav-
ioral activity of the mice was monitored from the experimenter

office via Intranet.

The experiment was repeated twice (with 10 mice housed and
trained together in the IntelliCage every time). The animals were
kept under a 12:12 light–dark cycle. During all phases of the
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Fig. 3. Social modulation of place avoidance extinction. (A) The mice acquired and extinguished place avoidance response very efficiently. Mean percentage of visits in the
corner  in which air-puffs were applied during place avoidance learning, ADAPT – adaptation phase, AVOID – place avoidance learning, EXT-F – the first day of extinction,
EXT-L  – the last day of extinction. (B) Extinction of avoidance response was  clearly synchronized between the animals in the cage. (C) The testing phase of the experiment.
Subjecting demonstrators to air-puffs resulted in significant inhibition of visiting of both the previously punished corner and all other corners in the cage by observer mice.
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uch  effect was not observed when the air-puffs were not directed at any mouse. M
 h following application of the first air-puff to the frequency of visits observed in t

raining all animals had access to water in all four corners. Train-
ng procedure started with a 24-h adaptation to the cage. Then, for
2 h (the dark phase of the light–dark cycle, when mice are the most
ctive) the animals received an air-puff (0.75 bar) accompanied by

 blue light when entering the corner most preferred during the
daptation period (place avoidance learning). Subsequently, for 6
ays the mice were subjected to the extinction procedure during
hich visits were not punished. When the avoidance response was

xtinguished, its social modulation was tested. During the test, 2
ut of 10 mice in the cage (“demonstrators”) were again subjected
o the air-puffs and blue light when entering the corner a visit at
hich was punished during the place avoidance learning. Other

ice (“observers”) did not receive any air-puffs. The frequency

f visits in the previously punished corner and in all corners of
he cage was assessed in comparison to the frequency of visits in
hese corners during the same time of the day in the last day of
ercentage of inhibition was calculated by comparing the frequency of visits during
trol period of time (see text for details); **P  < 0.01; ***P  < 0.001; error bars ± SEM.

extinction. Moreover, to control influence of an air-puff itself (not
directed at any mouse), 3 air-puffs accompanied by a blue light in
the previously punished corner were administered on the 4th day
of extinction when none of the mice was  present in this corner. The
chosen number of air-puffs was  based on the observation that in
the place avoidance learning paradigm used in this study 1–3 air-
puffs are required to acquire avoidance response. The frequency of
visits in the previously punished corner and in all corners of the
cage following administration of these air-puffs was assessed in
comparison to the frequency of visits in these corners during the
same time on the last day of extinction. Visiting of the previously
punished corner reached a stable level and did not differ between

the 4th and 6th extinction sessions.

The mice acquired and extinguished place avoidance response
very efficiently (Fig. 3A). Interestingly, the extinction was clearly
synchronized between the animals in the cage (Fig. 3B). The animals
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eased to visit the punished corner completely and then synchroni-
ally started to enter it. The number of visits significantly exceeded
he number of visits observed for this corner in the adaptation
hase during the analogous phase of the light–dark cycle. Subject-

ng demonstrators to air-puffs resulted in significant inhibition of
isiting of both the previously punished corner and all other corners
n the cage by observer mice (Fig. 3C). Such effect was not observed

hen the air-puffs were not directed at any mouse. These obser-
ations were confirmed by the statistical analysis. For all statistical
omparisons the rate of visits was used (number of visits in one or
ll of the corners in the cage within a given period of time). Within-
ubjects analysis with Friedman ANOVA for the rate of visiting of
he punished corner during the adaptation period, place avoidance
earning, the first and the last extinction days showed the signifi-
ant effect of the training phase: (N = 15, df = 3) = 33.32, P < 0.001.
urther comparisons with Wilcoxon Matched Pairs Test yielded
ignificant differences between the rate of visiting of the pun-
shed corner between the adaptation and place avoidance learning
hases (P < 0.001), the place avoidance learning phase and the first
xtinction day (P < 0.001), as well as between the first and the
ast extinction days (P < 0.01). In the 3-h period following the first
ir-puff applied to the demonstrator mice, inhibition of the rate
f visiting of the previously punished corner (P < 0.01), as well as
ll corners in the cage (P < 0.01) by the observer mice was  shown
Wilcoxon Matched Pairs Test).

Using two novel behavioral models that allow studying social
odulation of extinction memory retrieval, we showed that pres-

nce of a cage mate who shows high level of freezing or avoidance
esponse results in a robust renewal of fear or avoidance responses
n the mice that previously extinguished fear successfully.

In concert with our results, several studies have recently demon-
trated that rats and mice respond to the distress experienced by

 conspecific. These findings were interpreted as a simple form of
mpathy. For instance, modulation of pain sensitivity in mice pro-
uced by exposure to their cage mates in pain was reported [13].

n our previous study we also showed that a brief social interac-
ion with a cage mate that had undergone an aversive learning
xperience increases emotional arousal and activates brain regions
esponsive to a direct experience with threatening stimuli [14]. The
urther studies demonstrated that interaction with a fearful con-
pecific may  also promote learning and memory of an otherwise
aive animal. For instance, it has been shown that both fear con-
itioning and avoidance learning are influenced by the presence
f a fearful partner [9,15].  The present results extend our knowl-
dge about social modulation of learned responses showing that
ear extinction may  be easily affected by the presence of a fearful
onspecific.

In contrast to our results, Bredy and Barad [16] reported that
xposing mice to a recently conditioned conspecific or a urinary
hemosignal from shocked conspecifics facilitates fear extinction.
he disparity between Bredy and Barad’s and our results may  stem
rom different behavioral paradigms used in both studies, a brief
ocial interaction with a cage mate that has undergone an aversive
earning experience and direct observation of a distressed conspe-
ific, respectively. In the former case one can expect an increased
rousal/vigilance that promotes learning [9],  in the latter case
ather emotional contagion effects. Such explanation is supported
y the fact that in both behavioral paradigms of our study, behav-

oral responses of the observers mimicked the demonstrators’ ones.
e observed freezing response in the first model and general arrest

f the visiting activity in the second model. Importantly, the mod-
latory effects depended on the presence of the fearful conspecific
n the environment, thus confirming social aspects of the observed
henomena.

It has been previously shown that pair-exposure with a
on-fearful conspecific to the CS associated with a footshock

[
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significantly reduced stress responses to this CS [17] and that
pre-exposure to a non-fearful conspecific resulted in long-lasting
context-specific impairments of fear conditioning [18]. Such mit-
igation of stress responses by signals from a conspecific are
described as social buffering phenomenon. In our study, we did
not observe a significant difference in the levels of fear response
between the COND-E-TS and COND-E-TT(2) groups, which could
be interpreted in terms of social buffering effect. This may  be
attributed to the fact that our experimental design precluded any
direct contact between the trained animal and its non-fearful con-
specific, thereby obstructing interactions between the animals. In
addition, it is conceivable that a single appearance of a non-fearful
conspecific is too weak a stimulus in comparison to contextual
information (the experimental cage in which many training ses-
sions were held) to affect the animal’s behavior in a significant
manner.

The two  mouse models presented here can be useful for studying
neuronal basis of the socially evoked fear recovery after extinc-
tion. Identifying the neural circuits underlying social modulation of
extinction of classical and instrumental responses will allow deter-
mining whether the social component of modulation differ from
contextual modulation observed in classical tests. It is conceiv-
able that besides the brain structures that mediate fear extinction
in isolated animals (i.e., the amygdala, prefrontal cortex and hip-
pocampus [1,4]), socially evoked renewal involve activation of
additional parts of the brain such as the insular cortex and ante-
rior cingulate cortex [19,20]. Moreover, the models described in
this study may be useful for determining genetic aspects that influ-
ence the magnitude of social modulation of extinction memory
[15]. Such knowledge would be very valuable for designing poten-
tial therapeutic strategies for patients, who, after all, do not live in
social vacuum.
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