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We  found  that  predator  exposure  causes  long-lasting  anxiogenic  effect.
One  week  after  predator  stress  SYP  expression  was  found  augmented  in  amygdala.
Predator  stress  produces  a decrease  in  CB1  receptor  expression  in  the frontal  cortex.
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a  b  s  t  r  a  c  t

Several  studies  have  suggested  that  changes  in  hippocampal,  prefrontal  cortex  and  amygdaloid  com-
plex  function  are  associated  with  the  main  symptoms  of Posttraumatic  Stress  Disorder  (PTSD).  Predator
exposure  can  mimic  some  aspects  of PSTD  such  as hyperarousal  and  chronic  anxiety.  However,  little  is
known about  the neural  substrate  involved  in  this  model.  Synaptophysin  (SYP)  expression  has  been  used
to evaluate  synaptic  plastic  changes  while  cannabinoids  have  emerged  as  a therapeutic  target  for  the
treatment  of  stress-  and  anxiety-related  disorders.  The  present  work  evaluated  whether  the long  lasting
behavioral  effects  evoked  by predator  exposure  are  associated  to long-term  changes  in the  expression
of  the  Cannabinoid  receptor  1  (CB1)  and  the  synaptic  protein  SYP  in brain  areas  related  to  the  genesis  of
PTSD  symptoms  (frontal  cortex,  hippocampus  and  amygdaloid  complex).  Male  Wistar  rats  were  exposed
to a  live  or a  dummy  cat and  seven  days  later  submitted  to the  elevated  plus  maze  test.  To  explore
possible  neurobiological  mechanisms  involved  in  these  effects,  CB1  receptor  and  SYP  mRNA  expression

were  measured  in  the  hippocampus,  frontal  cortex  and  amygdaloid  complex.  Single  predator  exposure
promoted  long-lasting  anxiogenic  effects.  Seven  days  after  predator  threat  CB1  mRNA  expression  was
down  regulated  in  the  frontal  cortex  and  amygdaloid  complex  while  SYP  gene  was  up regulated  in  the
amygdaloid  complex.  Our  results  suggested  that  predator  exposure  causes  long-lasting  anxiogenic  effects
associated  with  hyperactivation  of  amygdaloid  complex  and  modulation  of  CB1  receptor  in brain  areas

s.
related to PTSD  symptom

. Introduction

Posttraumatic stress disorder (PTSD) is a debilitating chronic
ondition that reflects emotional and physiological modifica-

ions followed by an initial reaction to a traumatic experience
8]. Patients with PTSD exhibit persistent re-experience of trau-

atic memories (nightmares, intrusive thoughts) and increased

∗ Corresponding author.
E-mail address: allinecampos@usp.br (A.C. Campos).

304-3940/$ – see front matter ©  2012 Elsevier Ireland Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.neulet.2012.11.016
© 2012 Elsevier Ireland Ltd. All rights reserved.

avoidance of trauma-related stimuli (hyper vigilance and hyper-
arousal) albeit the traumatic event no longer occurs [9].

Even if the neurobiology of this anxiety disorder is not com-
pletely understood, several studies associate changes in the
hippocampus, prefrontal cortex and amygdala functions with PTSD
main symptoms [18,27]. In war veterans or rape victims, for exam-
ple, the amygdaloid complex seems to be hyperactive while ventral

portions of the prefrontal cortex and hippocampus show a vol-
ume  decrease. These pieces of evidence suggest the involvement
of long lasting neuroplastic changes in brain areas associated with
emotional memory processing [34,27].

dx.doi.org/10.1016/j.neulet.2012.11.016
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
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Animal models of anxiety disorders have been used for decades.
owever, modeling PTSD in laboratory animals has been a partic-
lar challenge since some of its symptoms (nightmares, invasive
houghts) cannot be replicated in rodents [32]. Models based on
redator exposure are proposed to mimic  some aspects of PSTD
uch as hyperarousal and chronic anxiety [3,2]. The anxiogenic
ffects of this procedure are long lasting and persist at least for

 weeks or more. They are thought to reflect the non-associative
ensitized fearfulness manifestations that are observed in PTSD
atients [30,31].

The cannabinoid system (ECS) is part of the complex circuitry
hat regulates anxiety and stress and is a crucial mediator of
motional learning [15,29,1,7,21,38]. In the last decade the ECS
as emerged as a therapeutic target for the treatment of stress-
nd anxiety-related disorders such as post-traumatic stress disor-
er (PTSD) [29,25].  In humans, potential benefits of the synthetic
annabinoid nabilone were demonstrated in PTSD patients [14],
ith potential protection against behavioral and endocrine alter-

tions induced by intense stress [15]. Although previous clinical
nd preclinical evidence pointed to the involvement of ECS on the
ontrol of mood and anxiety disorders, the precise mechanisms
esponsible for these responses remain unclear.

Several studies indicate that the expression of cannabinoid
eceptor 1 (CB1) receptors is sensitive to stressful situations.
or example, animals submitted to a fear conditioning paradigm
resent CB1 up regulation in the prefrontal cortex [13,28].  In this
tudy the amount of freezing behavior evoked by the fear condi-
ioning test was correlated with CB1 receptor expression in this
rain area. CB1 receptors are also modulated in the hippocampus
y chronic stress [21,20]. However, no study so far has analyzed the

ong lasting effects of predator exposure on CB1 receptor expres-
ion. The present study, therefore, was aimed at investigating this
ssue. In addition, changes in the expression of vesicle membrane
roteins might contribute to the molecular basis of stress-induced
hanges in synaptic plasticity and behavior [12,37].  Synaptic vesicle
roteins have also been identified as possible factors involved in the
athophysiology of psychiatric disorders such as schizophrenia and
epression [37]. Considering the evidence indicating that PTSD is
elated to plastic changes in these same areas, we  also verified if the
ong lasting behavioral stress responses triggered by predator expo-
ure in rodents could be associated with changes in synaptophysin
xpression, a protein related to synaptic function [10].

. Materials and methods

.1. Subjects

Male Wistar rats (220–250 g) obtained from the colony of the
chool of Pharmaceutical Sciences of Ribeirão Preto, University of
ão Paulo, were housed in groups of four until the beginning of the
xperiments. During the behavioral test period they were in single
ousing. All animals were maintained with free access to food and
ater in a temperature-controlled room (24 ◦C) and 12 h light/dark

ycle. An adult male cat (3 kg), kept at the animal house of our
niversity Campus with free access to food and water, was used in

he present study. A dummy  plush cat of approximately the same
ize of the live cat was used as control. All experiment protocols
ere carried out according to the Brazilian Society of Neuroscience

nd Behavior guidelines for care and use of laboratory animals and
ll efforts were made to minimize animal suffering.

.2. Apparatus
.2.1. Predator exposure box
The predator exposure box consisted of a rectangular arena

80 cm × 22 cm × 50 cm)  with Plexiglas walls and a metal grid floor
 Letters 533 (2013) 34– 38 35

[6]. The box was  designed to comfortably contain the cat and to
provide enough space for measuring the rat presence proximal or
distal to the cat compartment. It was divided into two opposed
equal compartments (40 cm × 22 cm × 50 cm) separated by a metal
grid wall. In the experimental session each rat was placed in the
middle of the rat compartment always facing the cat compartment
that contained the live or dummy  cat. The apparatus was  located
in a sound attenuated temperature-controlled (25 ± 1 ◦C) room and
the luminosity at the level of the predator box was 60 lux.

2.2.2. Elevated plus maze test (EPM)
The wooden apparatus had two  opposite open arms

(50 cm × 10 cm)  crossed at a right angle by two arms of the
same dimensions enclosed by 40-cm-high walls with no roof. The
maze was located 50 cm above the floor, and a 1 cm high edge made
of Plexiglas surrounded the open arms to prevent falls. The animals
were placed inside the maze facing an enclosed arm, and the
number of entries and time spent in the open and enclosed arms
was  automatically recorded by the Anymaze software (Stoelting
Co., Wood Dale, USA) for 5 min. The experiment took place in a
sound attenuated temperature-controlled (25 ± 1 ◦C) room and
the luminosity at the level of the EPM was 60 lux.

2.3. Behavioral procedures

All rats were daily handled for two days by the experimenter
for 5 min  and habituated to the predator exposure box for 10 min
(pre-exposition). On day 3 the animals were placed in the preda-
tor box containing the dummy  or live cat during 10 min (predator
exposition). The freezing behavior was recorded during the dummy
or life cat exposition. To prevent eventual cat smell interference,
the cat exposed group was always tested after the group exposed
to the dummy  cat. Seven days after the arena exposition all ani-
mals were tested in the EPM. After each experimental session, the
maze was cleaned with a 70% ethanol solution. Immediately after
the end of the EPM test the animals were sacrificed under deep
urethane (Sigma–Aldrich, St. Louis, MO  USA, 5 ml/kg, IP) anesthe-
sia. The brains were immediately removed (5 animals/group), the
frontal cortex and the hippocampus were dissected, and punches
(1.0 mm  diameter) of amygdaloid complex obtained (Fig. 2D). The
brain tissues were stored at −70 ◦C for posterior quantitative PCR
analysis.

2.4. Real time quantitative polymerase chain reaction (qPCR)

Total RNA was extracted using Trizol (Invitrogen, Carlsbad, CA,
USA), and cDNA reaction was  performed using 1 �g of total RNA at
high-capacity cDNA kit (Applied Biosystem, Foster City, CA, USA)
according to the manufacturer’s instructions. The relative level of
mRNA expression of CB1 receptor and the synaptic protein synap-
tophysin (SYP) genes were evaluated in the StepOne real-time
PCR system, using Applied Biosystems real-time master mix  with
Taqman® gene expression probes (CB1-Assay ID Rn00561409 s1,
SYP-Assay IDRn00664697 m1). Total RNA was normalized based on
Ct values for GAPDH housekeeping gene (Assay ID Rn01749022 g1).
All reactions were duplicated, and fold change was calculated using
2−��Ct method.

2.5. Statistical analysis
Behavioral and mRNA data were analyzed by Student’s t test.
Correlations were analyzed by Pearson’s two-tailed test. The sig-
nificance level was set at p ≤ 0.05.
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Fig. 1. (A) Percentage of freezing response of rats exposed to a live or a dummy cat. Columns represent mean ± SEM. * indicates a significant difference between groups
(Student’s t-test, p < 0.001; n = 9 animals/group respectively). (B) Predator exposure induces long-term anxiogenic effects in rats. Animals were submitted to the EPM seven
d  the u
l while 
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ays  after a 10 min predator exposure session. Columns represent means ± SEM. In
ower  panel open columns represent the percentage of entries onto the open arms 

 indicates a significant difference from vehicle-live cat exposed rats (Student’s t-te

. Results

Predator exposure triggered freezing response, reflecting the

ntense fear reaction evoked by cat exposure (Fig. 1A, t(16) = 9.7;

 < 0.001). One week later rats that had been exposed to the cat pre-
ented a significant decrease in the % of entries (t(16) = 3.3; p < 0.01)
nd time spent in the open arms (t(16) = 4.6; p < 0.001) in the EPM.

ig. 2. The long-lasting behavioral effects of predator exposure were associated with ch
ere  sacrificed seven days after predator exposure, 1 h after the EPM test. (A) Amygdal

ortex mRNA fold change; (2−��Ct) mRNA for SYP; Data normalized by GAPDH. Bars repr
ifference from dummy  cat exposed rats (Student’s t-test, p < 0.05). (D) Brain sites from
ippocampus were dissected bilaterally. Amygdaloid complex (Amy, bilateral) tissue wa
regma  (based on Paxinos and Watson, 1997).
pper panel the open columns represent the number of enclosed arm entries. In the
the hatched columns represent the percentage of the time spent in the open arms.

 9 animals/group, respectively).

No significant changes in the number of enclosed arm entries in the
EPM were observed (Fig. 1B).

The behavioral responses elicited by predator exposure were

associated with increased synaptophysin mRNA expression in the
amygdaloid complex (t(8) = 2.34; p < 0.05) (Fig. 2A) and decreased
CB1 mRNA expression in the frontal cortex (t(8) = 5.9; p < 0.05)
and the amygdaloid complex, although in this latter structure the

anges in Synaptophysin (SYP) mRNA expression in the amygdaloid complex. Rats
oid complex mRNA fold change; (B) hippocampus mRNA fold change; (C) frontal
esent mean ± SEM of 5 animals/group. * represents a significant general statistical

 where the tissue samples were extracted. The whole frontal cortex (PFC) and the
s  obtained by punches (1.0 mm diameter). The numbers refer to the distance from
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Fig. 3. Long-term anxiogenic effects of a single predator stress session negatively modulate CB1 receptor mRNA expression in the frontal cortex. (A) Amygdaloid complex
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RNA  fold change; (B) hippocampus mRNA fold change; (C) frontal cortex mRNA fo
eneral statistical difference from dummy  cat exposed rats (Student’s t-test, p < 0.0

ifference did not reach statistical significance (t(8) = 1.9; p = 0.08,
ig. 3). No changes in the expression of the SYP and CB1 genes were
ound in the dorsal hippocampus (Figs. 2 and 3).

Analyses of correlation showed that in amygdaloid complex
here is negative correlation between CB1 receptor and SYP expres-
ion (r = 0.66, p < 0.01, Table 1). No similar effects were found in
rontal cortex or dorsal hippocampus (Table 1).

. Discussion

The present work confirmed earlier findings showing that a
ingle predator threat exposure produces long lasting anxiogenic
esponses in the elevated plus maze [3].  In rodents, exposure to
atural predators like cats evokes immediate defensive reactions

ollowed by long-lasting behavioral changes [3,9]. Interestingly, a
ecent study investigating extinction deficits that have also been
ssociated to PTSD suggested that predator threat stress is a more
ntense traumatic event than electric foot shocks [16]. Our results
lso showed that CB1 receptor gene expression decreases in the
rontal cortex one week after the traumatic experience (predator
hreat). Similar trend was found in the amygdaloid complex, but
ot in the dorsal hippocampus. This latter finding could reflect the
pparently contradictory results regarding stress effects on CB1

xpression and function within the hippocampus. For example,
hronic stress induced a significant reduction in CB1 receptor bind-
ng in the dentate gyrus with a parallel increase in the CA3 region
21].

able 1
earson correlations of CB1 and SYP expression in rat brain areas related to PTSD
ymptoms.

Correlation r-Value p-Value

Frontal cortex −0.27 ns
Hippocampus 0.11 ns
Amygdaloid complex −0.66 <0.05
nge; (2−��Ct) mRNA for SYP. Data normalized by GAPDH. * represents a significant
ther specifications see Fig. 2 legend.

Several studies suggest that the medial prefrontal cortex as
a critical site for stress responses. Our findings indicate that
cannabinoid-mediated neurotransmission in this region could
be involved in these responses. CB1 receptors have a predomi-
nant pre-synaptic localization and regulate the release of several
neurotransmitters [26,39].  In addition, they are also related to
plastic events in the Central Nervous System (CNS), such as LTP,
depolarization-induced suppression of inhibition (DSI) and neu-
rogenesis [2,5,24,17].  Because of their high expression in the
prefrontal cortex, amygdaloid complex and hippocampus, CB1
receptors are proposed to modify defensive behaviors and consoli-
dation of aversive memories [11,29,28,23] and regulate adaptation
to acute or chronic stress [11,19]. In stressful situations, modifi-
cations in CB1 mediated neurotransmission can disrupt synaptic
information flow. Chronic stress decreases CB1 receptor binding
and expression in some regions of the hippocampus [21,20]. More-
over, disruption of endocannabinoid and CB1 receptor signaling
promotes activation of the HPA axis, reinforcing the relationship
between this system and stressful situations [35,22].

Reinforcing the involvement of CB1 receptor in PTSD, the
cannabinoid receptor agonist nabilone was effective in treating
resistant nightmares in patients diagnosed with this disorder [14].
Considering that CB1 receptors modulate glutamatergic neuro-
transmission in the frontal cortex [36], their decreased expression
could be facilitating anxiety-like responses by increasing gluta-
mate release in limbic structures (such as the amygdaloid complex).
Moreover, based on the negative correlation found between CB1
and SYP gene expression in the amygdaloid complex, we  speculate
that, if translated in proteins, the long lasting down regulation of
CB1 expression promoted by an acute stressful situation could be
associated to synaptic remodeling in areas such as the amygdala.

Synaptophysin, also known as p38 synaptic protein, is expressed

in almost all neurons in the CNS. It interacts with other synaptic
vesicle proteins (such as synaptobrevin) and is related to synap-
tic function. For this reason, SYP expression has been used to
indirectly evaluate the number of synapses [10]. Synaptophysin
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RNA and protein expression in limbic areas can be modulated by
tress and antidepressant drugs [12,40,37,33].  Because amygdaloid
yperfunction is a common finding in patients with PTSD diagno-
is [34,27],  if translated in protein our results with SYP suggest that
TSD models based on predator threat stress mimic  not only behav-
oral but also neurobiological aspects of PTSD. These results could
lso be related to previous studies suggesting that predator stress
nduces long-lasting potentiation of excitatory neural transmission
n the basolateral amygdala [4].

In conclusion, the present results indicate that predator expo-
ure in rats causes long-lasting (one week) anxiogenic effects
ssociated with changes in SYP and CB1 receptor gene expression in
rain areas related to PTSD symptoms. Our results support the idea
hat CB1 receptor could be a target for anxiety and mood disorders
elated to stressful life events.
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