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INTRODUCTION

Uniterms
It has been demonstrated that mice exhibit antinociception when

® Fear
they are exposed to the elevated plus-maze (EPM), an animal model ~ « pain
of anxiety. To investigate which brain structures are activated  * Fos
during EPM exposure, the present study assessed the  * Elevated plus-maze

immunohistochemical staining for Fos-like immunoreactivity (Fos-  * M

LI) in mice intraperitoneally injected with saline or 0.6% acetic * Central nervous system
acid (which produces nociception) and confined in the open arm
(threatening situation) or enclosed arm (control) of the EPM. The
following structures were investigated: magnus, dorsal and median
raphe nuclei (MR, DR and MnR), periaqueductal gray matter
(PAG), dorsal and ventral hippocampus (DH and VH), amygdala
(AMY), hypothalamus (HYP) and superior and inferior colliculi
(SC and IC). After four days of habituation (habituation was
conducted by handling the animals daily for a period of 10 minutes
followed by i.p. injection of saline 0.1 mL/10 g), mice received i.p.
injection of 0.6% acetic acid or saline and were confined in open
or enclosed arms of the EPM. Results showed that open arm
confinement increased the number of positive cells for Fos in MnR,
PAG and IC, indicating that the fear produced by the threat of the
open arms is modulated by these structures. Although statistical
analyses did not reveal any effect for nociception factor, (i.e. no
effect of acetic acid) the increase in Fos expression was recorded
only in animals treated with i.p. acetic acid, suggesting that the
simultaneous presence of nociception could be related to an
enhanced recruitment of neurons in those midbrains structures.

autonomic responses usually followed by antinociception
(Bolles, Fansellow, 1980; Siegfried et al., 1990). Such

It has been widely demonstrated that animal exposure ~ defensive triad has high adaptive function for specie’s
to learned or innate aversive situations elicits behavioraland ~ survival (Deakin, Graeff, 1991). Bolles and Fanselow
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(1980) argued that defensive behaviors and nociceptive
responses are incompatible reactions, since the time spent
to take care of a body injure could impair the exhibition of
an appropriate defensive response. Thus, the antinoci-
ception induced by fear events can be considered as part of
the defensive reaction (Bolles, Fansellow, 1980; Siegfried
etal., 1990).

The relationship between fear and antinociception
has been demonstrated in a range of tests including the
elevated plus-maze (EPM) (Lee, Rodgers, 1990; Taukulis,
Goggin, 1990; Rodgers et al., 1992), one of the most
widely used animal models of anxiety. Briefly, the EPM is
an apparatus used to evaluate anxiety responses that
rodents (ex. mice and rats) exhibit in an aversive situation,
elicited by open arms. The level of anxiety is evaluated by
open arm avoidance (% entries and % time in open arms),
while general activity is evaluated by the frequency of
closed arms entries (Cruz et al., 1994).

The interaction between fear/anxiety and antinoci-
ception has also been studied in our laboratory. We have
demonstrated that open arm confinement in the EPM
produces consistently high magnitude antinociception, as
verified by the lower number of abdominal writhes induced
by intraperitoneal injection of 0.6% acetic acid (writhing
test) recorded in this EPM compartment than exhibited
when mice were confined to the enclosed arms (Nunes-de-
Souza et al., 2000).

Although several studies have investigated fear-
induced antinociception, the likely brain circuitry involved
in the interaction of both responses is not well known.
Based on clinical and experimental studies, several brain
structures have been widely recognized as important
components of the brain defensive systems. Among those
are the prefrontal cortex, septum, hippocampus, amygdala,
medial hypothalamus, dorsal periaqueductal gray, locus
coeruleus, dorsal and median raphe nuclei (for review, see
Graeft, 1990; Misslin, 2003; McNaughton, Corr, 2004),
and more recently, the deep layers of superior colliculus and
inferior colliculus (for review, see Brandao et al, 2003).

The immunochemical detection of Fos, the protein
produced by the immediate early-gene c-fos, became a well-
established method to map the central nervous system
structures involved in functional responses of animals
exposed to a variety of environmental stimulus (for review,
see Morgan, Curran, 1991; Herdegen, Leah, 1998). In this
sense, Fos like-immunoreactivity (Fos-LI) was identified in
several limbic structures of animals exposed to EPM
(Silveira et al., 1993; Duncan et al., 1996; Linden ef al.,
2003; Salomé et al., 2004). Also, Fos-LI induced by
noxious thermal, mechanic, chemical and electrical stimuli
has been demonstrated in brain structures and spinal cord
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of cats, guinea-pigs, rats and mice (for review, see Harris
et al., 1995).

The present study investigated whether concurrent
nociception stimulation interferes with Fos expression
induced by open arm confinement (fear situation) in the
mouse central nervous system. Investigations involving the
neurobiology of fear-induced antinociception can
contribute to development of new drugs to alleviate pain.

MATERIAL AND METHODS

The expression of the early-gene c-fos in central
nervous system (CNS) was assessed in male swiss mice
(Paulista State University/UNESP, SP, Brazil), weighing 25-
35g and confined to the open arms (fear situation) of the
EPM. In order to investigate whether fear situation (open
arm confinement) would alter Fos expression induced by
nociceptive stimulation some animals were concurrently
treated with 0.6% acetic acid i.p. (see below) and exposed to
open arm. The effect of nociceptive stimulation on c-fos
expression was also evaluated in animals confined to the
enclosed arm (control situation). Saline-treated enclosed
arm-confined animals were used as control group. The
following brain structures were studied: magnus, dorsal and
median raphe nuclei (MR, DR and MnR), periaqueductal
gray matter (PAG), dorsal and ventral hippocampus (DH
and VH), amygdala (AMY), hypothalamus (HYP) and su-
perior and inferior colliculi (SC and IC).

After four days of habituation to the experimental
conditions (habituation was conducted by daily i.p.
injection of saline 0.1 mL/10 g, followed by 10 min
confinement to open or enclosed arms of the EPM), mice
(n=4-5 per group) received i.p. injections of 0.6% acetic
acid or saline and were confined to open or enclosed arms
of the EPM for 10 min. Two hours later, animals were
deeply anaesthetized with sodium pentobarbital
(100 mg/kg; i.p.) and transcardially perfused with 50 mL
of saline followed by 50 mL of 4% paraformaldehyde.
Their brains were then removed and cryoprotected into
30% sucrose phosphate buffered saline (PBS). Twenty-four
hours later, serial coronal sections (40 um) were obtained
with a cryostat apparatus (Leica CM1850) and collected
into PBS. Tissue sections were then successively washed
and incubated overnight into sheep serum anti-Fos (Santa
Cruz Biotechnology) 1/4000 into PBS and processed
through the avidin-biotin immunoperoxidase method
(Vectastain ABC kit, Vector Lab). Briefly, slices were again
washed with PBS (0.1M) and incubated for 1 hour with
biotinylated goat anti-rabbit antibody. After another series
of washings with PBS, they were incubated for 1 hour with
the avidine-peroxidase solution and washed with PBS
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again. Immunoreactivity to Fos was revealed by the
addition of the chromogen diaminobenzidin (DAB, 0.02%,
Sigma), and hydrogen peroxide (0.04%) and was visualized
as a brown insoluble reaction product inside neuronal
nucleus. The Fos-LI neurons located through the brain
structures were analyzed using a computerized image
analysis system. Images (Figure 1) were captured from
slides using an optic microscope (Leica DMLB) coupled

with a CCD color camera (JVC) and the Leica Qwin
software. To quantify the number of Fos-LI positive cell,
the average number from a representative size/area
belonging to the proposed structures were measured. In the
case of bilateral structure, the measurements were
conducted bilaterally. At least two sections per structure per
animal were evaluated for all experimental groups. A mean
value for cell density in each structure was then calculated.

FIGURE 1 - Photomicrographs of Fos-like immunoreactivity in coronal sections through brain regions with significant
increase in Fos expression. Scale bar = 100 um. Abbreviations: OA = open arm; EA = enclosed arm; AA = acetic acid,
IC = inferior colliculus; MnR = median raphe nucleus; PAG = periaqueductal gray matter.
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All structures were analyzed as a whole structure, with the
exception of hypothalamus, which was the dorsomedial
nucleus the target region for the analysis. The experiments
carried out in this study comply with the norms of Brazilian
Neuroscience and Behavior Society (SBNeC), based on the
US National Institutes of Health Guide for Care and Use of
Laboratory Animals.

RESULTS AND DISCUSSION

The results obtained through quantitative analyses of
Fos-LI in the studied brain regions after exposure to the
EPM are shown in Figure 2. All results were initially
submitted to Levene’s test for homogeneity of variance and
when F-values were significant, results were analyzed by
non-parametric Mann-Whitney’s test. For homogenous
samples, data were submitted to two-factor analysis of
variance (ANOVA) [Factor 1: treatment (saline or acetic
acid); Factor 2: confinement (open or enclosed arm)]
followed by Duncan’s multiple comparisons test.

Figure 2 shows the number of positive cells for Fos
recorded in several brain structures in mice treated with i.p
injection of saline or 0.6% acetic acid and confined to open
or enclosed arm of the EPM. Levene’s test revealed
significant F-values only for the following structures: DR
(F,,,=5.76,p<0.01), HYP (F, | .=4.66,p<0.02) and IC (IC:
F,,=7.38, p<0.01). However, post hoc acceptable
between-group (Mann-Whitney test) comparisons revealed
significant differences only in the IC, in which the group
treated with acetic acid and confined to open arm showed
increased Fos-LI when compared to enclosed arm confined
group (p<0.02). For homogenous groups (MR, MnR,
PAG, DH, VH, AMY and SC), two-way ANOVA (followed
by Duncan’s test) revealed significant differences in Fos-LI
only for confinement factor and in the following structures:
MnR [Factor 1 (treatment): F, |,=0.48, p=0.49; Factor 2
(confinement): F .=13.04, p<0.004; treatment x
confinement interaction (F, |,=1.54, p=0.23)] and PAG
[Factor 1 (treatment): F, |,=0.81, p=0.38; Factor 2
(confinement): F, |,=6.25, p<0.03; treatment x confinement
interaction (F, ,=0.36)]. For both structures, post-hoc
comparisons for acetic acid treated animals showed an
increased Fos-LI in open arm confined group.

The present study demonstrated that open arm
confinement tended to increase the number of positive cells
for Fos in almost all brain structures investigated.
However, the fear situation increased significantly Fos
expression only in MnR, PAG and IC in mice receiving
acetic acid. Our results corroborate previous studies
showing that plus-maze exposure increases c-Fos
expression in limbic structures (Silveira et al., 1993;
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Duncan et al., 1996; Linden et al, 2003; Salomé et al.,
2004). Interestingly, in these structures ANOVA did not
show any difference between the groups exposed to the
open arms and treated with acetic acid with the control
group (exposed to the same arm and treated with saline).
Since these midbrain structures play a role in the brain
defensive system (Graeff, 1990; Fanselow, 1991; Carrive
etal.,1997; Brandao et al., 2003; Misslin, 2003) and in the
neurobiology of pain (Millan, 2002; Brandao et al., 2003;
Behbehani, 1995; Castilho et al., 1999) the present results
suggest that both fear (produced by the threat of the open
arms) and pain may be modulated by these neural
substrates.

However, contrary to expected, i.p. injection of acetic
acid did not alter Fos expression in any brain structure
investigated in animals confined to the enclosed arms.
Being a pain stimulus, it was expected that acetic acid
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FIGURE 2 - Means (+ S.E.M.) of Fos-positive cells per
mm? X 100 in different brain regions of animals treated with
saline or acetic acid 0.6% i.p and confined to OA or EA of
the EPM. The numbers above the bars means the number of
animals/group for the respective structure. *p<0.05 in
relation to the EA AA group. Abbreviations: OA= open arm;
EA= enclosed arm; AA= acetic acid; Sal= saline; AMY=
amygdala; DR= dorsal raphe nucleus; HD= dorsal
hippocampus; HV= ventral hippocampus; HYP=
hypothalamus; IC= inferior colliculus; MnR=median raphe
nucleus; PAG= periaqueductal gray matter; RMg=magnus
raphe nucleus; SC= superior colliculus.
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would increase Fos expression in the central nervous
system in animals confined in a non-aversive place (for
review, see Harris et al., 1995). This lack of effect impaired
one of the purposes of our study, which was to identify the
influence of the fear state (i.e. open arm confinement) on
Fos expression induced by nociceptive stimulation. In
addition, although MnR, PAG and IC are closely involved
in modulation of fear reactions (Brandao et a/, 2003;
Millan, 2002), the other structures (e.g. DR, AMY, HYP
and hippocampus) investigated in the present study have
also been related to these processes (for review, see Graeff,
1990; Brandao et al., 2003; Millan, 2002). However no
significant changes in c-Fos expression was found in these
structures, either provoked by open arm exposure or by
nociceptive stimulation. One possible explanation for these
discrepancies may be related to the small number of
subjects (n= 4-5) of the samples used in our study. Small
samples usually render a statistical analysis more rigorous
in terms of acceptable level of significance. In addition,
high levels of Fos-LI were recorded in the control group
(saline i.p. + enclosed arm confinement), bringing the
means of groups closer and making a between-group
difference less probable. In this context, Hinks et al. (1996)
also found a high expression of c-Fos mRNA in the brain
of control rats confined in the enclosed arms of the EPM.
Indeed, it is possible that the animal manipulation per se
has led the number of positive cells for Fos near to the
“ceiling effect”. This might explain why the presentation of
amore aversive stimulus (e.g. open arm confinement and/
or i.p. injection of acetic acid) produced only mild increases
in the Fos-LI in structures like MnR, PAG, IC, DR, AMY,
HYP and hippocampus. It is still possible that some
potential differences were not detected because the
histological analysis of Fos-LI was conducted considering
the structures as a whole. Thus, further studies should
attempt to control possible experimental variables, such as
the duration of handling, the number of exposures to the
experimental apparatus and the analysis of Fos-LI in the
specific nucleus of the proposed structures. It has been
demonstrated that such changes in the experimental
protocol facilitate habituation and reduces c-fos baseline in
mice (Linden et al., 2003; Ryabinin et al., 1999). Thus, Fos
expression in structures like MnR, PAG, IC, DR, VH and
AMY in mice exposed to both nociceptive and threatening
situations needs further investigation.
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RESUMO

Expressao de Fos no sistema nervoso central de
camundongos expostos simultaneamente ao labirinto
em cruz elevado e a nocicepc¢ao

Recentes evidéncias tém mostrado que a exposicdo de ca-
mundongos ao labirinto em cruz elevado (LCE), um modelo
animal de ansiedade, resulta na exibi¢do de analgesia. Com
o objetivo de investigar quais as estruturas que sdo ativadas
durante a exposi¢ao ao LCE, no presente estudo foi utiliza-
da a técnica de imunocitoquimica para marcagdo de pro-
teina Fos em camundongos que receberam injeg¢do
intraperitoneal de salina ou dcido acético 0,6% (estimulo
nociceptivo) e que foram confinados no brago aberto (situ-
a¢do ameagadora) ou fechado (controle) do LCE. As se-
guintes estruturas foram estudadas: niicleos magno, dorsal
e mediano da rafe (MR, DR e MnR), matéria cinzenta
periaquedutal (PAG), hipocampo ventral e dorsal (DH e
VH), amigdala (AMY), hipotalamo (HYP) e coliculos supe-
rior e inferior (SC e IC). Apos quatro dias de manipulagdo
[a manipulagdo foi conduzida pelo manuseio diario dos
animais durante um periodo de 10 minutos seguidos da
injecdo i.p. de salina (0,1 mL/10 g)], camundongos recebe-
ram inje¢do i.p. de acido acético 0,6% ou salina e foram
confinados nos bragos aberto ou fechado do LCE. Os resul-
tados revelaram que o confinamento no brago aberto au-
mentou o numero de células positivas para Fos no MnR,
PAG e IC, indicando que o medo produzido pela amea¢a
dos bragos abertos ¢ modulado por essas estruturas. Em-
bora a andlise ndo tenha revelado efeito para o fator
nocicepgdo (isto ¢, nenhum efeito do dacido acético) um
incremento na expressdo de Fos foi registrado somente em
animais tratados com dcido acético i.p., sugerindo que a
presenca simultdnea da nocicepgdo pode estar relaciona-
da ao aumento do recrutamento de neuronios nessas estru-
turas mesencefalicas.

UNITERMOS: Medo. Dor. Fos. Labirinto em cruz eleva-
do. Camundongos. Sistema Nervoso Central
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