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HIGHLIGHTS

® Anxiogenic-like behaviors and hypernociception observed in the cagemates of mice submitted to chronic restraint stress.
® Cagemate living with mice in repeated stress condition promotes alterations in defensive behaviors in rat exposure test.
® Behavioral alterations were observed in both stressed mice and their cagemates.

® Anxiogenic-like behaviors and hypernociception observed in the cagemates of mice submitted to chronic restraint stress.
® Cagemate living with mice in repeated stress condition promotes alterations in defensive behaviors in rat exposure test.
® Behavioral alterations were observed in both stressed mice and their cagemates.

ARTICLE INFO ABSTRACT

Article history: The capacity of rodents to recognize and respond to emotional signs from a conspecific is a valuable adap-
Received 3 March 2017 tive behavior, which provides essential skills for species survival. However, repeated exposure to aversive
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Available online 15 July 2017 their colony members. Previous findings by our group demonstrated that living with a subject in neu-

ropathic pain induces anxiogenic-like behaviors and hypernociception in mice. Whereas chronic pain
may be considered a stressful stimulus, we extended our findings on stress-induced emotional trans-
fer. For this purpose, we investigated whether cohabitation with a partner subjected to chronic restraint
stress was able to promote alterations in anxiety-like behaviors, pain sensibility and defensive responses.
Male Swiss mice were housed in pairs for 14 days and then separated into control, stress, and cagemate
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Nociception groups. The stress group was subjected to 14 days of restraint stress (1h/day) in the presence of the
Rat exposure test cagemates, while the pair-housed control group was left undisturbed. A day after last stress session
Mice control, stress, and cagemate groups were evaluated using elevated plus maze test, writhing test, and

rat exposure test. Results demonstrated that chronic stress attenuated weight gain in the stress group.
Moreover, cohabitation with mice subjected to chronic restraint stress induced anxiogenic-like behav-
iors, pain hypernociception, and alterations in defensive responses in both cagemate and stress groups.
These preliminary findings suggest that chronic exposure to aversive stimulus may induce behavioral

alterations even in observers.
© 2017 Published by Elsevier Ireland Ltd.

1. Introduction

In rodents, the ability to recognize and respond when con-

- specifics are exposed to negative events is a valuable adaptive
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[4], it has been reported that repeated exposure to aversive situa-
tions may elicit maladaptive behavioral responses in subjects that
experience noxious episodes and their colony members [5,6]. In
this sense, laboratory approaches have used pain models to study
the behavioral consequences of chronic distress situations. For
instance, studies have shown abnormal anxiety behaviors and pain
sensitivity in rodents subjected to chronic sciatic nerve constriction
(neuropathic pain model) [5,7-11]. Likewise, studies conducted by
our group demonstrated that the cagemates of animals experienc-
ing chronic pain also exhibited anxiogenic-like behaviors on the
elevated plus maze and hyperalgesia on the writhing test [6,12,13].

Thus, given that chronic neuropathic pain may be considered
a stressful stimulus [14,15] and that stress promotes [16-18]
anxiety-related responses and hypernociception, we propose a new
protocol for studying stress-induced emotional contagion.

We investigated the effects of cohabitation on nociception, anx-
iety, and defensive behavior in cagemates of mice subjected to
repeated restraint stress. For the assessment of defensive behav-
ior, we used the rat exposure test. In contrast to the elevated
plus maze, which exclusively examines anxiety behavior, the rat
exposure test is a model of fear/anxiety that allows the mouse to
regulate its own exposure by approaching or avoiding the preda-
tory stimulus [19,20]. Exposure to a predatory threat elicits a
natural unconditioned fear response, capable of inducing a set of
intense physiological and behavioral defensive responses in the
prey [19-22]. Several studies have shown that chronic stress expo-
sure leads toimpaired conditioned fear responses, such as excessive
fear acquisition and delayed fear extinction [23-25]. However, no
study has examined the effect of repeated stress on fear/anxiety
responses in mice subjected to the rat exposure test.

In this paper we propose a protocol for studying the behav-
ioral consequences of cohabitating with a conspecific subjected to
chronic restraint stress. For this purpose, we assessed three dif-
ferent behaviors: anxiety-like behavior on the elevated plus maze,
pain sensitivity, and defensive responses in both stressed mice and
their cagemates.

2. Methods
2.1. Subjects

Male Swiss mice (18-20g) obtained from the animal breed-
ing facility of the Federal University of Sdo Carlos, Sdo Paulo,
Brazil, were moved to the laboratory animal facility of the Psy-
chobiology Group and housed two per cage [19 cm (width) x 30cm
(length) x 14 cm (height)]. Mice were consistently maintained on a
regular light-dark cycle (12 h/12 h, lightson at 7:00 a.m.) under con-
trolled temperature (23 °C), with unrestricted access to food and
water. The four male Long-Evans rats (450-600 g) used in the rat
exposure test were kept in a separated room in the same conditions.
All experiments were performed during the light phase. The exper-
imental procedures were in compliance with the recommended
protocol approved by the Brazilian Guidelines for Care and Use of
Animals for Scientific and Educational Purposes, elaborated by The
National Council of Control of Animal Testing (CONCEA). This study
was approved by the Ethics Committee on Animal Experiments
(CEUA 4996150816).

2.2. General procedure

On the twenty-first day after birth (weaning), 110 mice were
housed in pairs for 14 days and left undisturbed (first to fourteenth
day), except for cage cleaning. After this period, the mice were sepa-
rated into control group and stress and cagemate groups. The mice
in the stress group were placed inside a pipe once a day for 1h

for 14 additional days inside the homecage placed in an adjacent
room, while their cagemates remained inside the same homecage,
observing the stress session. The control group pairs were moved
to another adjacent room and left undisturbed for 1 h. After each
stress session, all animals were weighted and then returned to
the animal facility (fifteenth to twenty-eighth day). A day after
the last stress session (twenty-ninth day) mice from the control,
cagemate, and stress groups were subjected to different behavioral
tests. Each animal underwent only one behavioral test (Fig. 1). All
procedures (stress sessions and tests) were run during light cycle
and the observers, who scored the behavioral tests, were blinded
to the chronic conditions of the subjects.

2.3. Restraint stress

Chronic restraint stress was performed using a PVC pipe [14 cm
(length) x 3 cm (diameter)]. The animals of the stress group were
placed inside the pipe once a day for 1 h for 14 days in the presence
of their cagemates, in the homecage that was moved to an adja-
cent room. The control group pairs were moved to another adjacent
room once a day for 1 h during the 14 days of stress sessions.

2.4. Body weight gain

All subjects in the control, cagemate, and stress groups were
weighted every day during the 14 days of stress sessions after the
intervention. Weight gain was calculated based on the equation
[(weight on fourteenth day) — (weight on first day)].

2.5. Elevated plus maze test (EPM)

Anxiety-like behavior was assessed by the EPM test. The ele-
vated plus maze used was similar to that described by Lister
[26] and consisted of a wooden maze coated by plastic lami-
nate, raised 38.5 cm from the floor, with four arms arranged in a
plus format with two opposite arms closed by transparent glass
walls (30 x 5 x 15cm), connected by a common central platform
(5 x 5 cm) with two opposite open arms (30 x 5 x 0.25 cm). All tests
were conducted during the light phase of the light-dark cycle, under
the illumination of 77 lux on the floor of the apparatus [6]. Animals
were placed in the center of the maze facing an open arm. The num-
ber of entries and time spent in each arm were recorded for 5 min.
An entry was considered when the animal put all feet in any arm.
Conventional measures were the percentage of open arm entries
[(open/total entries) x 100] and the percentage of time spent in
open arms [(open/total time) x 100]. These activities have been
used as an index of anxiety behavior [26,27]. The number of closed
arm entries was used to measure locomotor activity in mice. Com-
plementary behaviors measured were the percentage of time spent
in the central plataform [(central/total time) x 100], the number
of head-dippings (exploratory movement of head/shoulders over
sides of the maze), the percentage of protected head-dipping [(pro-
tected/total) x 100], the number of stretch attend postures (SAP;
an exploratory posture in which the mouse stretches forward and
retracts to original position without locomotion), and the percent-
age of protected SAP [(protected/total) x 100]. Behaviors such as
head-dipping and stretched attend postures were used to measure
risk assessment [27].In addition, depending on where these behav-
iors were exhibited, they were counted as protected or unprotected.
In line with previous studies, the closed arms and central platform
were together designated as protected areas of the maze, while the
open arms were designated as unprotected areas [27,28]. Between
tests, the apparatus was cleaned with ethanol 20% and dried with
a cloth. All sessions were recorded by a vertically mounted cam-
era linked to a computer for posterior analysis. Test videos were
scored by a highly trained observer using the free software X-
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Fig. 1. Schematic timeline representing the experimental protocol. Each animal was subject to only one behavioral test. Elevated plus maze: control (n=9), cagemate (n=11),
and stress (n=11); Writhing test: control (n=11), cagemate (n=12), and stress (n=12); Rat exposure test: control (n=15), cagemate (n=14), and stress (n=14).

PloRat, developed at the Laboratory of Exploratory Behavior, Sdao
Paulo University, Ribeirdo Preto, Brazil.

2.6. Nociception test

Pain sensitivity was assessed by the writhing test, as described
by Collier et al. [29]. Writhes were induced by intraperitoneal injec-
tion of acetic acid 0.6% (10 mL/Kg) 5 min before the beginning of
the test. Injection of an irritant substance in the peritoneal cav-
ity evokes a characteristic response consisting of wave constriction
and elongation of the abdomen, accompanied by hyperextension
of the hind limbs and arching of the back. Mice were individually
tested in a non homecage plastic box covered with sawdust, and
the number of writhes was measured for 5 min.

2.7. Ratexposure test (RET)

The rat exposure test, described by Yang et al. [20], comprised a
clear polycarbonate exposure chamber (23 x 24 x 21 cm) covered
with a black polycarbonate lid and joined to a burrow chamber
(7 x7 x12cm) by a transparent Plexiglas tube tunnel (4.4cm in
diameter and 13 cm in length). A wire mesh screen divided the
exposure chamber into two equal-sized compartments (the surface
and the predator compartment). All tests were conducted during
the light phase of the light-dark cycle, under the illumination of
20lux on the floor of the apparatus. Animals were put on the burrow
chamber and allowed to freely explore the apparatus for 5 min in
the presence of a Long-Evans rat. Conventional measures were time
spent in the burrow chamber, time spent in the tunnel, time spent
in the protected area (burrow + tunnel), the latency of first exit from
the protected area, time spent in the unprotected area (surface), fre-
quency of rearings, crossings between protected and unprotected
areas, time of defensive burying (digging and/or pushing of the
sawdust), total freezing time (protected +unprotected areas), and
percentage of protected freezing [(protected freezing/total freez-
ing) x 100]. Complementary behaviors measured were the total
time in stretch attend posture, burrow SAP, tunnel SAP, protected
SAP (burrow SAP + tunnel SAP), and percentage of unprotected SAP
[(surface SAP/total SAP) x 100]. Protected area behaviors were con-
sidered when the mice exhibited responses with at least the hind
limbs inside the burrow or tunnel. Unprotected area behaviors were
considered when the mice exhibited responses with all four limbs
outside the burrow or tunnel [20]. Between tests, the apparatus
was cleaned with ethanol 20% and dried with a cloth. All sessions

Table 1
Body weight gain during 14 days of restraint stress.
Group Stress day
1st 14th weight gain (g)
Control 39.49 +0.62 47.22+0.72 7.72+0.31
Stress 38.76 £0.79 41.58+0.72 2.82+0.37°
Cagemate 38.16+0.86 45.32+1.04 7.17 £0.46

Data are presented as mean +s.e.m.
3 p<0.001 vs. control and cagemate groups.

were recorded by a vertically mounted camera linked to a computer
for posterior analysis.Test videos were scored by a highly trained
observer using the free software X-PloRat, developed at the Labora-
tory of Exploratory Behavior, Sdo Paulo University, Ribeirdo Preto,
Brazil.

2.8. Statistical analysis

All collected data were expressed as means + SEM. Normally
distributed data were analyzed by one-way ANOVA followed by
Newman-Keuls post-hoc test comparing the three groups: control,
cagemate, and stress. For nonparametric data, Kruskal-Wallis test
were used for multiple comparisons. Results of statistical tests with
p <0.05 were considered significant.

3. Results
3.1. Body weight gain during 14 days of restraint stress.

Table 1 presents the data of weight gain measured during the
14 days of stress sessions. The statistical analysis showed that
chronic restraint stress attenuated weight gain only in the stress
group during the14 days, compared to the control and cagemate
groups [F(; 106)=48.40; p<0.0001].

3.2. Anxiogenic-like behavior in the cagemates of mice submitted
to chronic restraint stress.

Fig. 2A depicts behavioral responses of mice tested on the ele-
vated plus maze. Data is shown as mean+SEM for the control
(n=9), cagemate (n=11) and stress (n=11) groups. The statistical
analysis showed a decrease in the percentage of open arm entries
[F228)=13.15; p<0.0001] and the percentage of time spent in open
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Fig. 2. Effects of chronic restraint stress on anxiety-like behaviors represented as
(A) percentage of time spent and entries in open arms in the elevated plus maze and
(B) number of closed arms entries. Data are presented as mean &+ SEM. *p <0.05 vs.
control group; ***p <0.001 vs. control group.

Table 2

Anxiety-like behaviors after 14 days of restraint stress.
Behavior Control Stress Cagemate
center time (%) 43.02+4.04 32.83+3.10 33.51+3.25
head-dipping (frequency) 21.11+2.65 23.64+1.30 17.55+1.59
protected head-dipping (%) 82.15+4.62 96.41+1.81** 9560+2.26
SAP (frequency) 2478 +4.45 22.91+3.05 26.82+5.31
protected SAP (%) 72.98+3.63 9461+1.57 9438+234"

Data are presented as mean £ s.e.m.
" p<0.01 vs. control group.
™" p<0.001 vs. control group.

arms [F, gy =4.88; p <0.05] in the cagemate and stress groups com-
pared to the control group, indicating an anxiogenic-like effect
induced by chronic restraint in both groups. Chronic stress did
not modify the number of closed arm entries [F; 53y=1.41;p=0.26]
(Fig. 2B), suggesting there was no locomotor activity impairment
in any group. Table 2 summarizes complementary anxiety-like
behaviors assessed by the elevated plus maze test. The statistical
analysis revealed an increase in the percentage of protected head-
dipping [F28y="7.00; p<0.005] and protected SAP [F(; »g)=22.71;
P <0.0001] in the cagemate and stress groups, but not in total head-
dipping [F(;28)=2.96; p=0.07], total SAP [F;,3)=0.21; p=0.81],
and percentage of time spent in the center platform [F, 5g)=2.57;
p=0.10]. These behaviors confirm that chronic restraint stress pro-
duces anxiogenic-like behaviors in both stressed mice and their
cagemates.

251
Fdk
20+
154

10+

Number of writhes

Control Stress

Cagemate

Fig. 3. Effects of chronic restraint stress on nociception represented as number of
writhes. Data are presented as mean = SEM. *p <0.05 vs. control group; ***p <0.001
vs. control group; #p <0.05 vs. stress group.

3.3. Hypernociception in the cagemates of mice submitted to
chronic restraint stress

Fig. 3 shows the number of writhes in the control (n=11),
cagemate (n=12), and stress (n=12) groups after intraperi-
toneal injection of acetic acid 0.6%. One-way ANOVA followed by
Newman-Keuls post-hoc test revealed that the stress and cage-
mate groups experienced more writhes compared to the control
group. Conversely, cagemates cohabitating with the stress group
for 14days exhibited less number of writhes compared to the
stressed animals [F, 37)=11.22; p <0.0005]. These results indicate
that although the stress protocol induced hypernociception in both
the stress and cagemate groups, it was highest in the stress group.

3.4. Alterations of defensive responses in cagemates living with
mice submitted to chronic restraint stress.

Fig. 4 depicts the behavioral responses of mice tested on the rat
exposure test. Data is show as mean + SEM for the control (n=15),
cagemate (n=14), and stress (n=14) groups. One-way ANOVA, fol-
lowed by Newman-Keuls post-hoc test and Kruskal-Wallis test
indicated that stressed animals and their cagemates exhibited
alterations in defensive behaviors. Fourteen days of restraint stress
decreased the time spent in the burrow chamber [F, 49y=5.16;
p<0.05] (A) and time spent in the protected area [H(;43)=8.38;
p<0.05] (C), but not the time spent in the tunnel [F; 49)=0.82;
p=0.45] (B). Furthermore, the latency of first exit from the pro-
tected area was decreased for these mice [F, 49y=5.67; p<0.01]
(D); they spent more time in the unprotected area [H, 43y="7.06;
p<0.05] (E) and spent less time in defensive burying [F(; 40)=7.41;
p<0.005] (F). Table 3 shows that chronic restraint stress decreased
burrow SAP [F, 49)=13.94; p<0.0001] and increased the percent-
age of unprotected SAP [F(;40)=4.26; p<0.05]. These behaviors
confirmed the alterations in risk assessment and exploratory
behaviors in the stress and cagemate groups. The statistical anal-
ysis did not reveal differences in the frequency of crossings
[F(2,40)=2.67; p=0.08], total freezing [H 43)y=1.71; p=0.43], per-
centage of protected freezing [F, 409)=0.34; p=0.71], tunnel SAP
[F(2,40)=0.49; p=0.62], protected SAP [F; 49y=2.12; p=0.13], total
SAP [F(3 40)=3.14; p=0.06], and rearing [H(; 43y=1.14; p=0.57]. The
lack of difference in total freezing and the percentage of protected
freezing indicates that chronic restraint stress did not affect fear-
related behaviors in the stress and cagemate groups.
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Fig. 4. Effects of chronic restraint stress on the defensive responses tested in the rat exposure test represented as time spent in the burrow chamber (A), time spent in the
tunnel (B), time spent in the protected area (C), latency of first exit from the protected area (D), time spent in the unprotected area (E) and time spent in defensive burying
(F). Data are presented as mean + SEM. *p <0.05 vs. control group; **p<0.01 vs. control group.

Table 3

Defensive responses after 14 days of restraint stress.
Behavior Control Stress Cagemate
crossing prot/unprot areas (frequency) 16.93 +2.40 25.50+3.52 27.79+4.52
total freezing (s) 11.39+£2.59 534+1.22 8.43+2.72
protected freezing (%) 88.44+7.29 80.44+6.36 81.43+8.79
burrow SAP (s) 48.46+3.30 32.84+2.92" 23.3443.99 "
tunnel SAP (s) 54.26 £6.97 64.26 +4.60 55.24+9.15
protected SAP (s) 109.89+7.48 123.62+5.40 99.74+10.72
total SAP (s) 117.39+£8.79 147.55+8.73 117.16 £11.73
unprotected SAP (%) 5.47+1.93 14.72+£2.76° 14.88+3.17
rearing (frequency) 1.47 £0.65 5.87+£2.57 11.07 £4.84

Data are presented as mean +s.e.m.
" p<0.05 vs. control group.

" p<0.01 vs. control group.

" p<0.001 vs. control group.
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4. Discussion

The present study described a protocol to evaluate the behav-
ioral consequences of cohabitation with mice exposed to chronic
restraint stress. In this paper, we assessed anxiety-related behav-
iors, pain sensitivity, and unconditioned defensive responses. First,
we found that chronic stress attenuated weight gain in the stress
group. Furthermore, our results showed that stressed mice and
their cagemates displayed anxiogenic-like behaviors in the ele-
vated plus maze test, hypernociception evaluated by the writhing
test, and alterations in defensive behavior in the rat exposure test.

Alterations in weight gain are a useful tool to indicate that a
stress protocol has physiological effects [30-32]. Our data are in
line with this idea as chronic restraint stress attenuated weight
gain in the stress group as compared to the cagemate and con-
trol groups. Several studies have indicated that repeated restraint
[30-34] and chronic unpredictable stress [35,36] attenuates body
weight gain in both mice and rats. Conversely, the cagemates of
stressed mice have no alterations in weight gain compared to con-
trol group. This finding indicates that chronic restraint stress may
have different effects on weight gain for the stress and cagemate
groups. Moreover, some studies have found no difference in body
weight gain in rats after chronic restraint [35] and unpredictable
stress [33]. Although, we found reduced weight gain in stress group
the behavioral responses in all tests were very similar to cagemate
group. These results indicate that decreased weight gain did not
interfere in behavioral responses. Thus, our data suggest that stress-
induced alterations in weight gain depend on factors such as the
type, period, and relative intensity of stress exposure.

Besides weight gain determination, measurement of plasma
corticosterone is often used to confirm whether a stress protocol is
working. Although, we did not measure corticosterone levels in this
study, chronic restraint is well known stress model. For instance,
several published works that used chronic restraint stress did
not measured corticosterone and observed behavioral alterations
[37-40]. Furthermore, some studies have shown no difference in
plasma corticosterone after chronic restraint [33,35]. Likewise, evi-
dences from our group did not observed alterations in plasma
corticosterone in cagemates cohabitating with mice submitted to
chronic sciatic nerve constriction [6].

Chronically stressed mice and their cagemates exhibited
anxiogenic-like behaviors, such as a decrease in the percentage of
entries and time spent in open arms in the elevated plus maze. The
effect of restraint stress on elevated plus maze responses is widely
known and corroborates our findings. Some studies have shown
that 14 days (2 h/day) of restraint stress in mice increases anxio-
genic behaviors [41-43]. In rats, studies have demonstrated that
restraint for 21 days (6 h/day) or 14 days (1 h/day) was sufficient to
decrease open arm entries [44,45]. Thus, the anxiogenic-like behav-
ior exhibited by stressed mice suggests that our 14 day restraint
stress protocol is effective in inducing anxiety in these animals.
However, there have been no reports on the behavior of cagemates
of mice subjected to chronic stress.

Previous findings by our laboratory have demonstrated that
cohabitation with mice subjected to sciatic nerve constriction for
14 days induces anxiety behaviors in their cagemates assessed by
the elevated plus maze test [6,12]. Therefore, our data indicate
that the stress protocol described in this paper may be suitable
for studying stress-induced emotional contagion.

Furthermore, this protocol appears to be effective for studying
nociception in mice. Our results indicate that cohabitation with a
subject exposed to chronic stress leads both animals to experience
hypernociception in the writhing test. These findings corroborate
evidences from previous work that has demonstrated the social
modulation of the pain response [46]. Moreover, we expanded
on previous findings from our laboratory, showing an increase in

the number of writhes in animals directly subjected to stress and
observers. Baptista-de-Souza and colleagues [6] observed hyper-
nociception in the cagemates of mice with chronic neuropathic
pain. It is important to emphasize that before sciatic nerve constric-
tion, mice were housed together for 14 days to establish familiarity
[6,13]. In line with the study by Langford et al. [46] that showed
shared hypernociception after 28 days of cohabitation and the pro-
tocol used by Baptista-de-Souza et al. [6] and Zaniboni et al. [13],
our study adds evidence that development of social bounds prior
to the initiation of chronic aversive stimulus is an important factor
to induce emotional contagion.

According to these studies, it is highly important that tested
animals be in the presence of a conspecific also submitted pain
[6,13,46]. However, we observed hypernociception in both stressed
mice and their cagemates even when they were tested alone. In
spite of only one animal per cage being exposed to direct stress, the
behavioral responses of the cagemate group suggest that cohabita-
tion with a chronically stressed mouse can be considered a social
stressor. Thus, our results are in line with findings from studies
that have shown increases in pain sensitivity of rodents submitted
to chronic restraint and social stress [18,47,48]. The difference in
hypernociception could be explained by the intensity of the stressor
(stressed vs. cagemate), as proposed by Tramullas et al. [48].

Our work also showed that cagemates as well as stressed mice
exhibited alterations in defensive behavior. The rat exposure test
is an unconditioned aversive stimulus capable of inducing a set of
intense physiological and behavioral fear/anxiety responses, such
as reduced exploration, increased risk assessment and defensive
avoidance [19-22]. Chronic restraint stress was not able to mod-
ify total freezing and protected freezing, indicating no difference
in fear-related responses in any group. Furthermore, stressed mice
and their cagemates, showed significant alterations in defensive
behavior compared to controls. These animals exhibited enhanced
exploration in unprotected areas and decreased activity in pro-
tected area, such as time spent in the burrow area and latency of
first exit from the protected area. They also demonstrated dimin-
ished risk assessment in the protected areas and increased risk
assessment in the unprotected areas, seen through stretch attend
posture (SAP). Although these data were unexpected based on our
results from the elevated plus maze test, it is important to high-
light that alteration in defensive responses is not paralleled by
alterations in anxiety-related behaviors, suggesting different neu-
ral mechanisms involved in the behavioral responses to elevated
plus maze and rat exposure tests.

The possible explanation for the different expression of anxiety
behaviors in both tests may be due to the structure of each model.
Previous research has indicated that rodents may present different
defensive responses to different stressors with varying intensities
and distances [20]. Since mice in the rat exposure test are in the
presence of a proximal predator, this data suggest that stressed
mice and their cagemates are looking for an escape route from the
threat [20]. Although these arguments are purely speculative, the
rat exposure test data contribute to the suggestion that the protocol
described in this work is suitable for the evaluation of the effects of
repeated stress on defensive responses. In this regard, more studies
are needed to elucidate how chronic stress affects behavior in the
rat exposure test.

In conclusion, the findings of this study, along with previous
reports from our laboratory, suggest that cagemates of mice sub-
jected to long-lasting aversive situations (stress or sciatic nerve
injury) may experience behavioral alterations, such as anxiogenic-
like responses and pain hypersensitivity. Furthermore, this is the
first study to show the effects of chronic stress on unconditioned
defensive responses. The alterations in defensive behavior demon-
strated by the rat exposure test as well as observations from
the elevated plus maze and writhing tests after prolonged stress,
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support the validity of our protocol for the investigation of stress-
induced emotional contagion in mice.
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