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Several pharmacological targets have been proposed as modulators of panic-like reactions. However, interest should be given to other

potential therapeutic neurochemical agents. Recent attention has been given to the potential anxiolytic properties of cannabidiol,

because of its complex actions on the endocannabinoid system together with its effects on other neurotransmitter systems. The aim of

this study was to investigate the effects of cannabidiol on innate fear-related behaviors evoked by a prey vs predator paradigm. Male

Swiss mice were submitted to habituation in an arena containing a burrow and subsequently pre-treated with intraperitoneal

administrations of vehicle or cannabidiol. A constrictor snake was placed inside the arena, and defensive and non-defensive behaviors

were recorded. Cannabidiol caused a clear anti-aversive effect, decreasing explosive escape and defensive immobility behaviors outside

and inside the burrow. These results show that cannabidiol modulates defensive behaviors evoked by the presence of threatening stimuli,

even in a potentially safe environment following a fear response, suggesting a panicolytic effect.
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INTRODUCTION

Since the cloning of cannabinoid receptors in the early
1990s, our knowledge of the different sites of action and
physiological effects on the brain of the endocannabinoid-
mediated system has evolved considerably. Consequently,
the involvement of the endocannabinoid system in several
physiological and behavioral responses has been demon-
strated (Crippa et al, 2004; Fride, 2005; Lisboa et al, 2008;
Roser et al, 2008). It has also been well established that the

effects of this neural system are mediated by the actions of
endogenous cannabinoids on two different receptors: CB1
and CB2. Whereas CB1 receptors are mostly present in brain,
especially neurons, CB2 receptors are mainly expressed in
immune cells and tissues (Graham et al, 2009), although the
presence of CB2 endocannabinoid receptor in some
encephalic structures has been reported (Onaivi et al, 2006).
Research on the interaction between different compounds

extracted from the plant Cannabis sativa (Cannabis) and
the endocannabinoid system has revealed a series of ligands
that selectively bind to cannabinoid receptors. The activa-
tion of this system causes a wide spectrum of responses,
some of which could be potentially therapeutic. Recently,
much attention has been given to cannabidiol (CBD), a
major constituent of Cannabis that is unable to mimic all
of the effects of the plant but has a wide range of
pharmacological effects (Zuardi 2008; Izzo et al, 2009;
Crippa et al, 2010). In the elevated plus-maze, this drug
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produces an anxiolytic-like effect in an inverted U-shaped
dose-response curve, with higher doses no longer being
effective (Guimarães et al, 1990).
CBD could enhance endocannabinoid neurotransmission

through an indirect mechanism. CBD has a low affinity for
CB1 and CB2 receptors and has the ability to block
anandamide’s uptake and inhibit its enzymatic hydrolysis
(Bisogno et al, 2001; Izzo et al, 2009). In vitro assays have
also shown some antagonistic actions of CBD on CB1 and
CB2 receptors, which demonstrates complex actions of CBD
on the endocannabinoid system (Thomas et al, 2007). Aside
from affecting endocannabinoid neurotransmission, CBD
interacts with 5-HT1A receptors; there is evidence that CBD
could act, at the micromolar concentration range, as an
agonist of 5HT1A receptors in vitro (Russo et al, 2005) and
in vivo (Mishima et al, 2005; Campos and Guimarães, 2008).
Recent attention has been given to the role of the

endocannabinoid system in the elaboration and modulation
of aversive states in the central nervous system (Moreira et al,
2009a, b; Marco and Viveros, 2009; Thiemann et al, 2009;
Fusar-Poli et al, 2009; Mikics et al, 2009; Mackowiak et al,
2009). Results obtained from the elevated plus-maze beha-
vioral test suggest that microinjections of CB1 receptor
agonists into the central nucleus of the amygdaloid complex
produce an anxiolytic response that is potentiated by
intraperitoneal (i.p.) injections of morphine, a non-selective
agonist of opioid receptors (Zarrindast et al, 2008). In
addition, the CB1 receptor has a role in the regulation of
aversive states: microinjections of a CB1 receptor agonist
followed by an excitatory amino acid into the dorsolateral
column of the periaqueductal grey matter (dlPAG) reduce the
explosive escape reaction induced by the chemical stimulation
of this mesencephalic structure (Finn et al, 2003). In addition,
microinjections of CB1 agonists into the dlPAG produce an
attenuation of defensive immobility (freezing) and cardiovas-
cular responses in rats submitted to a contextual fear-
conditioning paradigm (Resstel et al, 2008). These results
suggest that the facilitation of endocannabinoid-mediated
neurotransmission in the dorsal mesencephalon diminishes
the expression of contextual fear-induced responses.
More ethological experimental models of panic attacks

have been proposed to better investigate the induction of
fear and anxiety-like behaviors, and there is evidence that
these responses can be elicited in laboratory animals
without prior relevant aversive experience (Guimarães-
Costa et al, 2007; Lobão-Soares et al, 2008). Generally, the
occurrence of defensive behaviors is closely related to the
appearance of threatening scenarios. In this regard,
behavioral approaches in rodents involving confrontation
with a predator should elicit defensive reactions because of
the aversive nature of the encounter and the imminent risk
to the rodent (Blanchard et al, 2003). The distinct response
pattern of defensive behaviors to drugs that are effective
against generalized anxiety disorder or panic syndrome in
human subjects indicates that ethological models based on
confrontation between prey and predator are appropriate
tools for preclinical drug testing for these medical condi-
tions (Griebel et al, 1996; Blanchard et al, 1998; Guimarães-
Costa et al, 2007).
The present model is based on the interaction between

mice and a wild rainbow Boa and is a novel approach to
study the activation of the entire limbic system. Having prey

with free movement in a quadrangular arena with a burrow
allows for the study of both anxiety- and panic attack-
related behaviors. For example, this is a good model for
demonstrating the ethological differences between explosive
escape reactions, which are commonly related to the
activation of the periaqueductal grey matter and other
dorsal mesencephalic structures (Graeff, 1994; Coimbra and
Brandão, 1993; Eichenberger et al, 2002; Coimbra et al,
2006; Mobbs et al, 2007), and oriented escape responses
(Blanchard et al, 2003; Guimarães-Costa et al, 2007), which
are believed to be related to the activation of hypothalamic
neurons (Freitas et al, 2009).
The aim of this study was to investigate the effects of the

i.p. administration of CBD on the expression of defensive
behaviors evoked by an ethological model of panic attacks
based on predator threatening stimuli in the presence of
wild constrictor Boidae snakes.

SUBJECTS AND METHODS

Animals

Male Swiss mice (25–35 g) from the animal facility of the
Ribeirão Preto School of Medicine, University of São Paulo
(FMRP-USP), were kept in a 12-h light–dark cycle (lights on
from 0700 to 1900 hours) in an air-conditioned room
(23±2 1C) with free access to food and water. The predators
used were wild constrictor snakes (Epicrates cenchria
crassus; Reptilia; Boidae), weighing 1000–2500 kg (n¼ 8).
The snakes were collected from the Brazilian Southeast, in
the countryside of Ribeirão Preto and surrounding districts,
and were maintained in captivity in the snake pits of the
animal house of the FMRP-USP. They were kept in a walled
sun-lit field with proper shelter, grass and water sources in
the Laboratory of Neuroanatomy and Neuropsychobiology
of the Ribeirão Preto School of Medicine, University of São
Paulo (FMRP-USP), licensed by the Brazilian government
(IBAMA Committee; process 1/35/1998/000846-1). The
snake place of the LNN-FMRP-USP was illuminated by
natural sunlight (and by fluorescent ultraviolet irradiation
(reptisun; 20W; 5UVB) on rainy days), and has artificial
waterfalls and lagoons, natural rocks, and both tropical and
artificial plants. The enclosure was kept under a light–dark
cycle of 12–12 h (lights on from 0700 to 1900 hours) and at a
constant room temperature of 25±1 1C (40–70% humidity).
The snakes were fed at two specific times: 24 h and
immediately before the starting of each experiment with
rodents of the same species used in this work (Mus
musculus). In those occasions, the constrictor snakes evoked
hunting behavior and predatory attack, followed by search-
ing responses, capture of the prey, and feeding behavior. The
mice were adapted to the experimental rooms for at least 1
week before the experiments, and each mouse was handled
for 5min on 3 consecutive days before the tests. All tests
were performed between 1800 and 2100 hours. The
experiments were performed in accordance with the
recommendations of the Commission of Ethics in Animal
Experimentation of the FMRP-USP (proc. 112/2009), which
abides by the ethical principles in animal research adopted
by the Brazilian College of Animal Experimentation
(COBEA), and was approved by the Commission of Ethics
in Animal Research (CETEA) on 31 August 2009.
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Experimental Apparatus

A semi-transparent acrylic enclosure was used for the prey
vs predator confrontations. It consisted of a quadrangular
arena (154� 72� 64 cm) with the inner surface of its walls
covered with a light-reflector film, providing 80% light
reflection, to minimize the visual contact of the predator
with the surrounding experimental area and to focus its
attention toward the prey. The floor of the quadrangular
arena, which was made of a transparent acrylic platform,
was placed on a rectangular stainless steel plaque below the
arena and was divided into 20 equal rectangles using a green
fluorescent line (4.2mm width; Pritt mark-it). To minimize
vibratory stimuli, the entire apparatus was placed on a
granite rock surface (170� 85� 02 cm) elevated 83 cm
above the floor of the laboratory. In one corner of the
arena, a shelter box (36� 26� 12.5 cm) with black acrylic
walls and a complex labyrinth was placed inside. The
burrow had two entries located on opposite sides, thus
allowing the rodents to come in and out from two different
spots in the arena. On the day of the experiment, the ceiling
of the burrow was replaced by an identical model, except it
was made of translucent acrylic, to facilitate the recording of
the behavior of the mice inside the burrow.

Procedure

Three days before the experiment, the mice were placed in
the arena and maintained there with free access to food and
water until the day of the experiment. The burrow was
located in a corner, opposite from where the food and water
were located. On the day of the experiment, the ‘no threat’
group was removed from the arena, and the mice were
placed inside the arena one at a time to record their
behaviors for 5min without the snake. The remaining
animals that were to be exposed to the predator were
divided in four groups (n¼ 11–12 per group), which were
pre-treated with i.p. CBD (B99.9% pure, STI-Pharmaceuticals,
UK) at 0.3, 3, or 30mg/kg or its vehicle (saline solution at
0.9% and DMSO (1 : 1) 0.2ml/kg). After 30min, the snake
was carefully placed in the center of the arena, and each
mouse was subsequently placed on the opposite side from
the burrow, with the snake between the mouse and the
burrow. After 5min of confrontation, the mouse was
removed from the arena with a net, and the snake was
placed in the center again. Then, another mouse was placed
in the enclosure to confront the snake for the same period
of time. No rodent was used in more than one confronta-
tion, and all were killed 24 h after the experiments. The
mice were exposed to the snake randomly between 1800 and
2100 hours.

Anti-Predatory Behavioral Recordings

The durations and behavioral index (BI) of defensive and
non-defensive behaviors of the rodents were recorded. The
defensive attention of the rodents was defined as an
interruption of on-going behavior for 6 s to occasionally
scan the environment by smelling the surrounding air.
Defensive immobility was registered when the mice
presented perfect immobility followed by autonomic reac-
tions, such as defecation, exophthalmia, and/or micturition.

Risk assessment was defined as when the rodent stretched
its anterior half to monitor behavioral strategies in
potentially dangerous situations. Interaction was considered
direct contact between prey and predator. Active avoidance
behavior was registered when the approaching behavior of
the mouse to the snake was suddenly interrupted, and an
abrupt change in direction was observed, with the rodent
moving in the opposite direction to that of the predator.
Oriented escape was defined as running toward the burrow,
whereas explosive escape was defined as running toward a
direction in the arena other than the burrow. Although
regarding exploratory behavior and non-defensive beha-
viors, crossings, rearing, and grooming were recorded.
Crossings were defined as the rodent stepping with its four
legs within a delimited rectangle in the arena, after crossing
the border of each section. Rearing behavior was recorded
when the mice showed an upright posture, stepping with its
posterior legs and maintaining its anterior legs in the air or
on a wall of the arena or burrow. Finally, grooming referred
to self-cleaning behavior.
Considering the complex behavioral repertoire displayed

by rodents in confrontations with wild snakes in prey
vs predator paradigms (Guimarães-Costa et al, 2007;
Lobão-Soares et al, 2008), passive and active avoidance,
defensive attention, and risk assessment behaviors were
considered anxiety-related responses, and defensive
immobility (Borelli et al, 2004), explosive escape reactions
(Blanchard et al, 2001; Ribeiro et al, 2005; Castellan-Baldan
et al, 2006), and oriented escape behavior (Blanchard et al,
2001; Freitas et al, 2009) were considered panic-like
responses.
After the experiment, each snake was transferred to the

snake place of the Ribeirão Preto School of Medicine of the
University of São Paulo (FMRP-USP), submitted to 40-day
quarantine period and, after that, the reptiles were put
together with other constrictor snakes of the FMRP-USP
main serpentarium. In no case did a snake eat an
experimental mouse.

Statistical Analysis

The frequencies of behaviors were proportionally recorded
in relation to the time spent by each animal outside or
inside the burrow. These data, presented as a ‘behavioral
index’ (BI), were calculated by the following formula:
BI¼ (100� number of behavioral responses)/(time in sec-
onds spent outside or inside the burrow). In addition, the
duration of each behavior was expressed as the percentage
between the total time of the experiment and the time spent
in a given behavioral response evoked outside or inside the
burrow. The data were analyzed by one-way ANOVA, and
the Newman–Keuls test was employed for multiple compar-
isons. Data are presented as mean and SEM. Differences
were considered significant at Po0.05.

RESULTS

After 3 days of habituation, mice in the non-threatened
group did not exhibit fear-like behaviors but did show mild
defensive attention and risk assessment behaviors during
the mock predatory test, which was expected because the
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mice were individually exposed to the polygonal arena
without nest material, food, or water, which was a change
from the previous appearance of the same environment
during habituation.
Once habituated to the arena for 3 days, after the pre-

treatment with i.p. administration of either vehicle or CBD
at different doses and after being exposed to the arena with
the constrictor snake, all mice exhibited a series of defensive
behaviors characterized by defensive attention, risk assess-
ment, active avoidance, defensive immobility, explosive
escape responses, and oriented escape behavior directed to
the burrow. During the interaction with the predator, non-
defensive behaviors, such as rearing and grooming, were
also observed in all animals. Interestingly, once safely inside
the burrow, mice showed almost the same pattern of
defensive and non-defensive behaviors, although with lower
intensities and durations.
On the other hand, the predators showed moderate

exploratory behavior inside the arena, with interspersed
resting periods and occasional entries into the burrow.
Furthermore, after the interaction between prey and
predator, the constrictor snakes defensive reactions char-
acterized by head retrieval or movements of the anterior
third of the body to the side opposite to that occupied by
the prey. All rodents displayed defensive behaviors to the
spontaneous exploratory activity of the constrictor snake
and to the predator’s defensive reactions.
With regard to the behavioral responses elicited outside

the burrow, the vehicle-treated group of mice that were
exposed to the predator showed increases in the duration
(F(4, 58)¼ 6.82; Po0.05) and BI (F(4, 58)¼ 6.95; Po0.05) of
risk assessment and the duration of defensive attention
(F(4, 59)¼ 4.30; Po0.05) when compared with the non-
threatened group (Figures 1a–d). There was no effect of
CBD at any dose on the duration or BI of defensive
attention, risk assessment, or interaction with the predator
outside the burrow when compared with the vehicle-treated
group (Figures 1a–f). In contrast, CBD at 3 and 30mg/kg
reduced the duration (F(3, 43)¼ 3.83; Po0.05) and BI
(F(3, 43)¼ 3.45; Po0.05) of active avoidance when com-
pared with the vehicle-treated group (Figures 1g and h).
With regard to the expression of innate fear-related

behaviors outside the burrow, the one-way ANOVA
revealed significant differences for the durations and
behavioral indices of defensive immobility, explosive
escape, and total escape (Figures 2a–h). Post hoc analysis
using the Newman–Keuls multiple comparison test showed
significant increases in the behavioral indices and durations
of defensive immobility (F(4, 58)¼ 4.81; Po0.05 and
F(4, 57)¼ 3.03; Po0.05, respectively), explosive escape
(F(4, 59)¼ 7.25; Po0.05 and F(4, 58)¼ 5.41; Po0.05, re-
spectively) and total escape (F(4, 59)¼ 12.07; Po0.05 and
F(4, 59)¼ 10.10; Po0.05, respectively) exhibited by the
vehicle-treated group compared with the non-threatened
group. The animals pre-treated with CBD showed signifi-
cant decreases in the BI (all doses: F(4, 58)¼ 4.81; Po0.05)
and duration (3mg/kg: F(4, 57)¼ 3.04; Po0.05) of defensive
immobility, the BI (3 and 30mg/kg: F(4, 59)¼ 7.25; Po0.05)
and duration (3 and 30mg/kg: F(4, 59)¼ 5.40; Po0.05) of
explosive escape and the BI (all doses: F(4, 59)¼ 12.07;
Po0.05) and the duration (3 and 30mg/kg: F(4, 59)¼ 10.10;
Po0.05) of total escape when compared with the vehicle-

treated group. The one-way ANOVA did not show a
statistically significant difference in oriented escape
behavior in CBD-treated mice (Figures 2e and f).
For the non-defensive behaviors displayed outside the

burrow, the one-way ANOVA showed that the presence of
the predator altered only the BI of rearing (F(4, 59)¼ 12.45;
Po0.05), as shown in Figure 3a, while the durations of
rearing, grooming, crossings and time spent outside the
burrow were not significantly changed (Figures 3b–f). In
contrast, pre-treatment of mice with CBD reduced the BI
(all doses: F(4, 59)¼ 12.45; Po0.05) and duration (all doses:
F(4, 59)¼ 7.17; Po0.05) of rearing, the quantity of crossings
(all doses: F(4, 42)¼ 19.01; Po0.05) and the time spent
outside the burrow (3 and 30mg/kg: F(4, 56)¼ 6.04;

Figure 1 Outside-burrow behaviors. Non-threatened mouse behaviors
and the effects of intraperitoneal administration of vehicle or cannabidiol
(CBD) at 0.3, 3, or 30mg/kg on the behavioral index (BI) (a) and duration
(b) of defensive attention, the BI (c) and duration (d) of risk assessment, the
BI (e) and duration (f) of the interaction between prey and snake, and the
BI (g) and duration (h) of active avoidance exhibited by mice during the
confrontation with the wild constrictor snake after a 3-day habituation
period in a polygonal arena. Columns represent the mean and bars the
SEM, n¼ 11–12 mice per group. #Po0.05 when compared with the group
not submitted to any threatening situation (no-threat); *Po0.05 when
compared with the vehicle-treated group. BI¼ (100� number of behavioral
responses)/(time in seconds spent outside or inside the burrow).
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Po0.05) when compared with the vehicle-treated group.
Moreover, CBD had no effect on grooming behavior. These
data are presented in Figures 3a–f.
Once inside the burrow, all threatened mice exhibited

defensive behaviors with a similar phenomenology to that
observed outside the burrow, although there was an
oscillation in the BI and the duration of each defensive
response, and both non-defensive and exploratory behavior
were also exhibited, as shown in Figures 4 and 5. In fact,
there was a statistically significant difference between the
vehicle-treated group and non-threatened group in the BI
(F(4, 59)¼ 5.61; Po0.05) and the duration (F(4, 59)¼ 3.36;
Po0.05) of defensive attention directed either at the entry

or at the inner spaces, suggesting an alertness state in case
of an occasional predator sighting near or inside the burrow
(Figures 4a and b). Moreover, exploratory and restless
behaviors were decreased in the vehicle-treated group of
threatened mice: they showed reductions in the BI
(F(4, 59)¼ 7.99; Po0.05) and duration (F(4, 59)¼ 8.09;
Po0.05) of rearing and a reduction in the BI of grooming
(F(4, 59)¼ 2.18; Po0.05) when compared with the non-
threatened group, as shown in Figures 4e–g. In addition, the
vehicle-treated mice exhibited increased behavioral indices
and durations of explosive escape (F(4, 59)¼ 8.88; Po0.05
and F(4, 59)¼ 6.07; Po0.05, respectively) and defensive
immobility (F(4, 59)¼ 4.33; Po0.05 and F(4, 58)¼ 3.76;
Po0.05, respectively), showing that the animals continued
to display fear-like behaviors inside the burrow, as shown in
Figures 5a–d. Furthermore, post hoc analysis using the
Newman–Keuls multiple comparison test revealed signifi-
cant decreases caused by CBD in the behavioral indices and
durations of explosive escape behavior (all doses:
F(4, 59)¼ 8.88; Po0.05 and F(4, 59)¼ 6.07; Po0.05, respec-
tively) and defensive immobility (all doses F(4, 59)¼ 4.33;
Po0.05 and at 3mg/kg F(4, 58)¼ 3.76; Po0.05, respec-
tively) (Figures 5a–d). The number of entries and time spent
inside the burrow were not significantly different between

Figure 2 Outside-burrow behaviors. Non-threatened mouse behaviors
and the effects of intraperitoneal administration of vehicle or cannabidiol
(CBD) at 0.3, 3, or 30mg/kg on the behavioral index (BI) (a) and duration
(b) of defensive immobility, the BI (c) and duration (d) of explosive escape
responses, the BI (e) and duration (f) of oriented escape responses and the
BI (g) and duration (h) of the total escape response exhibited by mice
during the confrontation with the wild constrictor snake after a 3-day
habituation period in a polygonal arena. Columns represent the mean and
bars the SEM, n¼ 11–12 mice per group. #Po0.05 when compared with
the group not submitted to any threatening situation (no-threat); *Po0.05
when compared with the vehicle-treated group. BI¼ (100� number of
behavioral responses)/(time in seconds spent outside or inside the
burrow).

Figure 3 Outside-burrow behaviors. Non-threatened mouse behaviors
and the effects of intraperitoneal administration of vehicle or cannabidiol
(CBD) at 0.3, 3, or 30mg/kg on the behavioral index (BI) (a) and duration
(b) of rearing, the BI (c) and duration (d) of grooming, the quantity of
crossings (e) and the duration of the time spent outside the burrow (f)
exhibited by mice during the confrontation with the wild constrictor snake
after a 3-day habituation period in a polygonal arena. Columns represent
the mean and bars the SEM, n¼ 11–12 mice per group. #Po0.05 when
compared with the group not submitted to any threatening situation (no-
threat); *Po0.05 when compared with the vehicle-treated group.
BI¼ (100� number of behavioral responses)/(time in seconds spent
outside or inside the burrow).
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the vehicle-treated group and non-threatened group, but the
CBD-pre-treated animals spent more time inside the burrow
(3 and 30mg/kg: F(4, 55)¼ 6.42; Po0.05) compared with
the vehicle-treated group, as shown in Figures 5e and f.
In the comparison of the defensive behaviors displayed by

threatened animals inside and outside the burrow (Figure 6),
one-way ANOVA did not show significant differences in the
BI or the duration of defensive attention (Figures 6a and b)
nor in the BI or the duration of defensive immobility
(Figures 6g and h). In contrast, post hoc analysis using the
Newman–Keuls multiple comparison test revealed a sig-
nificant decrease in the behavioral indices and durations of
risk assessment (all doses: F(7, 96)¼ 13.45; Po0.05 and
F(7, 96)¼ 11.37; Po0.05, respectively) and explosive escape
(vehicle and 0.3mg/kg of CBD: F(7, 96)¼ 8.70; Po0.05 and

F(7, 97)¼ 5.77; Po0.05, respectively) inside the burrow in
relation those responses outside the burrow within each
treatment group, as shown in Figures 6c–f.

DISCUSSION

During the habituation period, exploratory behaviors were
observed throughout the different spaces of the arena and
the burrow, and food was stored inside the burrow. The
group of animals that were not exposed to a confrontation
with the wild snake, but only to the polygonal arena, did not
exhibit any defensive-like behavior. In addition, while the
illumination of the arena during the recordings of the
behavioral responses could be aversive to the albino mice
submitted to the experiment, they expressed neither
anxiety-like responses nor panic-like behaviors during the
habituation period. However, when exposed to the predator
in the same context after 3 days of habituation, all mice
exhibited defensive behaviors. Sometimes, threatened ani-
mals would run to the burrow during the confrontation with
the predator. However, considering the possibility of an

Figure 4 Inside-burrow behaviors. Non-threatened mouse behaviors
and the effects of intraperitoneal administration of vehicle or cannabidiol
(CBD) at 0.3, 3, or 30mg/kg on the behavioral index (BI) (a) and duration
(b) of defensive attention, the BI (c) and duration (d) of risk assessment, the
BI (e) and duration (f) of rearing and the BI (g) and duration (h) of
grooming exhibited by mice during the confrontation with the wild
constrictor snake after a 3-day habituation period in the arena. Columns
represent the mean and bars the SEM, n¼ 11–12 mice per group.
#Po0.05 when compared with the group not submitted to any threatening
situation (no-threat). BI¼ (100� number of behavioral responses)/(time in
seconds spent outside or inside the burrow).

Figure 5 Inside-burrow behaviors. Non-threatened mouse behaviors
and the effects of intraperitoneal administration of vehicle or cannabidiol
(CBD) at 0.3, 3, or 30mg/kg on the behavioral index (BI) (a) and duration
(b) of explosive escape, the BI (c) and duration (d) of defensive immobility,
the number of entries (e) into the burrow and the duration (f) of time
spent inside by mice during the confrontation with the wild constrictor
snake after a 3-day habituation period in the arena. Columns represent the
mean and bars the SEM, n¼ 11–12 per group. #Po0.05 when compared
with the group not submitted to any threatening situation (no-threat);
*Po0.05 when compared with the vehicle-treated group. BI¼ (100�
number of behavioral responses)/(time in seconds spent outside or inside
the burrow).
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invasion of the burrow by the predator, immediately after a
confrontation, some aversive stimulus-induced reactions
could be elicited, even in that potentially safe environment.
In addition, brief interaction periods between rodents and

snakes evoked prompt defensive reactions in the predator
as well, which, in turn, caused panic-like reactions, such
explosive escape, in the mice. The patterns just described
clearly resemble those observed in more naturalistic
environments, suggesting that the experimental design
constitutes a more ethological approach to the study of
innate fear-induced reactions and panic attacks.

Mice pre-treated with CBD showed a significant and
robust reduction in explosive escape (flight) and defensive
immobility (freezing), responses that are considered panic-
like behaviors (Griebel et al, 1996; Blanchard et al, 2001;
Borelli et al, 2004, 2005). In addition, a response of active
avoidance, in which the mouse reacts with vigorous
movement to avoid close contact with the snake, was
reduced by CBD, suggesting that these mice felt less fear in
the presence of a potential predator. In contrast, typical
anxiety-related behaviors, such as risk assessment and
defensive attention (Blanchard et al, 2001; Lobão-Soares
et al, 2008), were unchanged in the animals that received
CBD. Anxiety and panic states involve different neural
substrates, particular physiological responses and charac-
teristic motor behaviors (Gorman et al, 2000). In addition,
anxiety and panic are evoked by different scenarios.
Generally, defensive behaviors, such as defensive attention
and risk assessment, are responses to situations of potential
danger in which an aversive stimulus is at a distance or its
source has not yet been identified (Blanchard et al, 2003;
Motta et al, 2009). However, responses such as oriented and
explosive escape and defensive immobility are exhibited in
circumstances in which the aversive stimulus is not only
present but within a proximal distance and represents a
clear threat to the survival of the organism (Guimarães-
Costa et al, 2007; Blanchard et al, 2003). Thus, the present
findings suggest that CBD, in the present experimental
model of panic attacks, decreases the behavioral responses
associated with settings of imminent danger in which the
aversive connotation of the stimulus has been fully
recognized.
Oriented escape has been associated with aversive

scenarios that contain an available route of escape that
provides the organism with a secure way out (Blanchard
et al, 2003; Blanchard and Blanchard, 1999). In this regard,
oriented escape behavior represents patterns of action that
allow more efficient and organized responses in aversive
situations, such as those involving the presence of a
predator. More disorganized reactions, such as explosive
escape, are exhibited in circumstances in which extremely
aversive events impose the execution of physiological and
motor reactions aimed at directing the organism away from
the dangerous situation. Interestingly, animals treated with
CBD did not show a statistically significant difference in
oriented escape behavior in relation to untreated mice. In
addition, peripheral treatment with CBD caused a reduction
in the time spent outside the burrow and decreased the
number of crossings, suggesting that these animals had a
preference to stay inside the burrow to avoid a possible
confrontation with the predator. However, when CBD-
treated animals were inside the burrow, they expressed
fewer panic-like behaviors, such as explosive escape and
defensive immobility, compared with the vehicle-treated
group, suggesting that the treatment with CBD is able to
reduce the panic-induced responses not only in the
presence of the snake but even in a potentially safe place
and immediately after the exposure to a threatening
situation.
The present findings show that when defensive behaviors

evoked outside the burrow were compared with those
evoked inside the burrow following exposure to a threaten-
ing environment, significant decreases were observed in

Figure 6 Outside- vs inside-burrow behaviors. Effects of intraperitoneal
administration of vehicle or cannabidiol (CBD) at 0.3, 3, or 30mg/kg on the
behavioral index (BI) (a) and duration (b) of defensive attention, the BI (c)
and duration (d) of risk assessment, the BI (e) and duration (f) of explosive
escape response, and the BI (g) and duration (h) of defensive immobility
exhibited by mice during the confrontation with the wild constrictor snake
after a 3-day habituation period in the polygonal arena. Columns represent
the mean and bars the SEM, n¼ 11–12 mice per group. *Po0.05 when
compared with the respective treatment outside the burrow. BI¼ (100�
number of behavioral responses)/(time in seconds spent outside or inside
the burrow).
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panic-induced responses. This result clearly suggests that,
as expected, the burrow could not only diminish, but even
suppress, the expression of some fear-related behavior.
Thus, this space could represent a safe place for the rodents,
given its low illumination and narrow passages, bringing
more security and thus decreasing fear-related responses.
Consequently, the burrow itself could have acted as a shelter
and had an anxiolytic and panicolytic effect on the limbic
system. The risk assessment behavior displayed inside the
burrow was characterized by the mouse extending its
anterior half of the body outside of the burrow while
maintaining its posterior half inside, supporting the idea
that the burrow provides a more secure environment to
which the mouse could return rapidly in the case of
predator approach.
In humans, the anxiolytic effects of CBD have been

associated with a decrease in the activity of limbic
structures. A recent study using functional magnetic
resonance imaging in healthy volunteers showed that CBD
can modulate the patterns of brain activity during the
viewing of fearful facial stimuli, attenuating neural activity
in the amygdaloid complex and in the anterior and
posterior cingulate cortex (Fusar-Poli et al, 2009). In
addition, interactions between CBD and the serotoninergic
receptors in the mesencephalic and prosencephalic struc-
tures of the brain aversion system have recently been
reported, which could also help explain the effects observed
in this study (Campos and Guimarães, 2008; Canteras et al,
1997; Resstel et al, 2009; Russo et al, 2005). Serotonin has an
important role in the regulation of defensive behaviors (de
Paula Soares and Zangrossi, 2004; Graeff et al, 1986). In
healthy volunteers submitted to the simulated public
speaking test, CBD attenuated the anxiety induced in a
similar manner to ipsapirone, an agonist of the 5HT1A

receptor (Zuardi et al, 1993). This study employed an
animal model of panic attacks, which could resemble the
physiological and behavioral reactions experienced by
patients with panic disorder (Pollack and Marzol, 2000),
for whom the most effective pharmacological intervention is
based on antidepressant drugs that enhance serotoninergic
neurotransmission (Simon et al, 2009; Kellner et al, 2009).
In summary, the data presented in this study suggest that

the complex action of CBD on the endocannabinoid-
mediated system, together with its putative effect on the
serotonin-mediated system, could have a pivotal role in the
regulation of emotional states and thus constitute a novel
pharmacological target for anti-panic therapy. Finally, the
present findings demonstrate that the ethological model of
panic attacks based on a snake and rodent interaction
paradigm constitutes a good tool to address new approaches
that focus on the pharmacological actions of new anti-
aversive or panicolytic drugs.
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