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Abstract—The effects of endogenous opioid peptide antag-

onists on panic-related responses are controversial. Using

elevated mazes and a prey-versus-predator paradigm, we

investigated the involvement of the endogenous opioid

peptide-mediated system in the modulation of anxiety- and

panic attack-induced responses and innate fear-induced

antinociception in the present work. Wistar rats were

intraperitoneally pretreated with either physiological saline
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or naloxone at different doses and were subjected to either

the elevated plus- or T-maze test or confronted by Crotalus

durissus terrificus. The defensive behaviors of the rats were

recorded in the presence of the predator and at 24 h after the

confrontation, when the animals were placed in the experi-

mental enclosure without the rattlesnake. The peripheral

non-specific blockade of opioid receptors had a clear

anxiolytic-like effect on the rats subjected to the elevated

plus-maze but not on those subjected to the elevated T-

maze; however, a clear panicolytic-like effect was observed,

i.e., the defensive behaviors decreased, and the prey-

versus-predator interaction responses evoked by the pres-

ence of the rattlesnakes increased. A similar effect was

noted when the rats were exposed to the experimental con-

text in the absence of the venomous snake. After completing

all tests, the naloxone-treated groups exhibited less anxiety/

fear-induced antinociception than the control group, as

measured by the tail-flick test. These findings demonstrate

the anxiolytic and panicolytic-like effects of opioid receptor

blockade. In addition, the fearlessness behavior displayed

by preys treated with naloxone at higher doses enhanced

the defensive behavioral responses of venomous snakes.

� 2017 IBRO. Published by Elsevier Ltd. All rights reserved.
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INTRODUCTION

Polygonal arenas and complex labyrinths with snakes

have been used as experimental models of panic

attacks (Coimbra et al., 2017b) and are suitable for the

study of the antiaversive effects of new potential pani-

colytic drugs (Uribe-Mariño et al., 2012; Twardowschy

et al., 2013). Although both constrictor (Guimarães-

Costa et al., 2007; Lobão-Soares et al., 2008) and Viperi-

dae venomous (Almada and Coimbra, 2015) serpents

have been used as threatening stimuli to elicit defensive

responses in small rodents in these behavioral para-

digms, rattlesnakes have not been consistently used as

a source of innate aversion-inducing stimuli. However,

some animals use sonorous clues to evaluate a danger-

ous environment. For example, rattlesnakes signal an

imminent attack by vibrating their rattles, and some mam-

mals can mimic these rattle sounds to repel other preda-

tors from their territory (Owings et al., 2002). Rodents
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assume a biped posture and hesitate to engage in

exploratory behavior or approach an area associated with

a snake-produced audible signal (Swaisgood et al.,

1999a,b). Therefore, the use of rattlesnakes in prey-

versus-predator paradigms may be suitable because

rattlesnakes provide threatening visual, olfactory and

auditory clues that result in aversion. An instinctive or

learned stimulus signaling danger activates the encepha-

lic circuits responsible for generating and elaborating

these aversion-inducing states (Blanchard and

Blanchard, 1972; Blanchard et al., 1991; Fanselow and

Kim, 1994), which are interpreted as a motivational state

of fear in humans (Nashold et al., 1969).

Defensive behaviors may consequently be expressed

as behavioral inhibition and defensive attention (Hilton,

1982; Coimbra and Brandão, 1993; Guimarães-Costa

et al., 2007; Lobão-Soares et al., 2008; Uribe-Mariño

et al., 2012), defensive immobility or freezing (Uribe-

Mariño et al., 2012; Almada et al., 2015a), escape behav-

ior (Coimbra and Brandão, 1993; Uribe-Mariño et al.,

2012; Almada et al., 2015b), or tonic immobility (Leite-

Panissi et al., 2003, 2012). Affective defense, which is a

set of threatening postures, vocalizations, and eventual

attacks (when escape is impossible) (Hess and Bruger,

1943), can also be elicited by preys in a dangerous

situation.

The expression of defensive behavior is followed by

neurovegetative and endocrine alterations, which have

been extensively studied (Mancia and Zanchetti, 1981;

Hilton, 1982; Carrive, 1993), as well as by antinociception

(Fanselow and Bolles, 1979; Fanselow, 1986; Coimbra

et al., 2006), a phenomenon in which both opioid

(Terman et al., 1986; Nichols et al., 1989) and non-

opioid (Coimbra et al., 1992; Coimbra and Brandão,

1997) mechanisms have been implicated. Interestingly,

both opioid (Miczek et al., 1982; Thompson et al., 1988)

and non-opioid (Griesel et al., 1993) antinociception have

been implicated in behavioral responses evoked during

resident-intruder interactions.

Some animals assume appeasing postures of

submission to avoid ulterior offensive behaviors by

dominant opponents (Miczek and Thompson, 1984).

However, the behavioral responses displayed by preys

confronted by a potential predator are completely different

and are rich in risk assessment behavior, defensive

immobility and oriented and non-oriented escape behav-

iors (Almada et al., 2015b; Almada and Coimbra, 2015;

Coimbra et al., 2017b). However, the threatening/defen-

sive and offensive responses displayed by predators in

snake-versus-rodent confrontation paradigms must be

more carefully ethologically assessed in laboratory

environments.

Recently, a new controversy has emerged in the

literature regarding the proposal of two new coadjutant

treatments for panic syndrome using either opioid

agonists at low doses (Roncon et al., 2015, 2017;

Maraschin et al., 2016) or opioid receptors antagonists

at high concentrations (Eichenberger et al., 2002;

Ribeiro et al., 2005; Castellan-Baldan et al., 2006).

Endogenous opioid peptides, which act presynaptically

on GABAergic terminals, have been proposed to
modulate the activity of the dorsal mesencephalon neural

networks involved in the organization of defensive behav-

ior (Eichenberger et al., 2002; Osaki et al., 2003; Ribeiro

et al., 2005; Castellan-Baldan et al., 2006; Twardowschy

and Coimbra, 2015). There is evidence that endogenous

opioid peptides inhibit the GABA-mediated synaptic trans-

mission in the periaqueductal gray matter and other ence-

phalic regions by reducing the probability of presynaptic

neurotransmitter release (Vaughan et al., 1997;

Kishimoto et al., 2001; Tongjaroenbungam et al., 2004).

Considering these findings, a study of the GABAergic

and opioid peptidergic pathways is required to identify the

neural substrates responsible for fear-induced behavior,

panic-like reactions and anticipatory anxiety. Several

investigations in the behavioral neurosciences have

focused on the neurochemical mechanisms evoked by

instinctive or learned stimuli that signal danger (new

environments, silhouettes of predators, emotional

expressions indicating rage and imminent attacks, odors

or sounds of a given predator, threatening vocalizations

of intra-specific dominants in a social conflict, or any

other factor that may indicate the occurrence of noxious

or painful stimuli) (Blanchard et al., 1989; Blanchard

et al., 1991, 2003a,b; Griebel et al., 1996; Guimarães-

Costa et al., 2007; Almada et al., 2015b).

Most studies focusing on the neurophysiological

bases of behavior use invasive techniques in

experimental animal models in which only segmental

divisions of the limbic system are targeted. These

structures are related to the elaboration of emotional

states and are usually accessed either by local

microinjections of pharmacologic agents or by induction

of specific neurotoxic lesions in nuclei rich with a given

neurotransmitter (Coimbra and Brandão, 1993; Ribeiro

et al., 2005; Biagioni et al., 2013; Almada et al., 2015a,

b). However, the entire limbic system is commonly acti-

vated when animals are faced with situations that threa-

ten their survival, such as those characterized by the

presence of a natural predator.

The neural bases of attentional behavior related to

aversion-inducing events, fear and antinociception must

be clarified. In controlled environments, these behaviors

are usually displayed by experimental animals exposed

to imminent danger or elicited by stimulation of the

brainstem and the pathways that elaborate or modulate

panic-like reactions (Coimbra and Brandão, 1993; Borelli

et al., 2005; Ribeiro et al., 2005; Coimbra et al., 2017a),

and their underlying neural bases must be clarified. Fur-

thermore, the precise role played by the opioid system

in the modulation of panic-like responses, which has been

studied using preclinical and clinical approaches, remains

controversial (Colasanti et al., 2011), and the neural

bases of the antinociception that follows defensive behav-

ior requires further characterization. The aim of this work

was to investigate the possible anxiolytic and panicolytic

effects of systemic opioid peptide receptor inhibition

using two classical models of unconditioned fear-

induced responses, including the elevated plus- and

T-maze (EPM and ETM, respectively) tests, and an

experimental setup based on confrontations between

rodents and rattlesnakes (Coimbra et al., 2017b). The
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prey-versus-serpent paradigm in a polygonal arena was

designed as a new model of panic attacks. Innate fear-

induced antinociception and both unconditioned and con-

ditioned fear-induced defensive behavioral responses

were also recorded.
EXPERIMENTAL PROCEDURES

Animals

Male Wistar rats (Rattus norvegicus, Rodentia, Muridae)

weighing 200–250 g (n= 6–15 per group) were

obtained from the animal facility of the Ribeirão Preto

School of Pharmaceutical Sciences, University of São

Paulo (FCFRP-USP), for use in this study. The rats

were housed (4 per cage) in an experimental room (for

at least 48 h prior to the experiments) under a 12:12-h

light/dark cycle (lights on at 7:00 am) at 22–23 �C. The
rats were provided free access to water and food. The

predators used in this study were wild male venomous

snakes (Crotalus durissus terrificus, Reptilia, Viperidae)

weighing 800–1500 g. The rattlesnakes (N = 11) were

collected from Southeast Brazil in the countryside of

Ribeirão Preto and the surrounding districts and were

maintained in the serpentarium of the animal house of

the Ribeirão Preto School of Medicine, University of São

Paulo (FMRP-USP) (licensed by the IBAMA Committee;

process 1/35/1998/000846-1). The venomous snakes

used in the experiments are very common in the

rainforest and the Brazilian Cerrado and elicit robust

behavioral responses in nature by providing visual,

auditory, and olfactory stimuli with negative connotations

to their habitual prey while hunting. One week before

the experiments were performed, the snakes were

maintained in a walled, sun-lit field with appropriate

shelter, grass and water sources in the Laboratory of

Neuroanatomy and Neuropsychobiology of the Ribeirão

Preto School of Medicine, University of São Paulo

(LNN-FMRP-USP)/Behavioral Neurosciences Institute

(INeC) ophidiarium, which is licensed by the Brazilian

government (IBAMA Committee; processes

3543.6986/2012-SP and 3543.6984/2012-SP) and the

São Paulo State government (SMA/DeFau 15.335/2012;

MEDUSA Project, SISBIO processes 41435-1, and

41435-2). The snake enclosure of the LNN-FMRP-USP

is illuminated by natural sunlight (and by fluorescent

ultraviolet irradiation (ReptiSun; 20 W; 5UVB; Zoo Med

Laboratories Inc., San Luis Obispo, California, USA) on

rainy days) and features artificial waterfalls and lagoons,

natural rocks, and both tropical and artificial plants. The

snake enclosure has a light/dark cycle of 12/12-h (lights

on at 7 am) and is maintained at a constant room

temperature of 25 ± 1 �C (40–70% humidity). The

snakes are usually fed once a week and receive rats

previously killed in a CO2 box. In the present

experiment, the snakes were also fed at the following

two additional specific times: 24 h (rats killed previously

in a CO2 box) and immediately before the start of each

experiment, when they received live rodents of the

same species as those used in this work (Rattus

norvegicus). In the second additional feeding, the

rattlesnakes displayed hunting behavior and predatory
attacks, followed by searching responses, capture

behaviors and feeding behaviors. All experiments were

performed in accordance with the recommendations of

the Commission of Ethics in Animal Experimentation of

the FMRP-USP (processes 064/2004 and 205/2008),

which are consistent with the animal research ethical

principles adopted by the National Council for Animal

Experimentation Control (CONCEA), and were approved

by the FMRP-USP Commission of Ethics in Animal

Research (CEUA-FMRP-USP) on 12/15/2008.
EXPERIMENTAL APPARATUS

Antinociceptive procedure

Immediately after the EPM, ETM and confrontation tests,

which are described below, the nociception thresholds of

the animals were compared using the tail-flick test. Each

animal was placed in a restraining apparatus (Insight,

Ribeirão Preto, SP, Brazil) with acrylic walls, and its tail

was placed on a heating sensor (Tail-Flick Analgesia

Instrument; Insight, Brazil). The progressive heat

elevation was automatically interrupted when the animal

removed its tail from the apparatus. The current raised

the temperature of the coil (Ni/Cr alloy; 26.04 cm in

length � 0.02 cm in diameter) at a rate of 9 �C/s,
starting at room temperature (approximately 20 �C), and
small current intensity adjustments were performed, if

necessary, at the beginning of the experiment (baseline

records) to obtain three consecutive tail-flick latencies

(TFLs) between 2.5 s and 3.5 s. If the animal did not

remove its tail from the heater within 6 s, the apparatus

was turned off to prevent skin damage. Three baseline

measurements of control TFLs were recorded at 5-min

intervals. TFLs were also measured in independent

groups of rodents for 30 min immediately after the

rodents had been subjected to a 5-min or 15-min

confrontation with a rattlesnake to evaluate the

differential time effects of antinociception after predator

exposure and to estimate the possible increase or

decrease in antinociception that occurred within the

indicated interval.

The rats were organized into the following

experimental groups: a group that was treated with an

intraperitoneal injection of physiological saline and after

15 min confronted the polygonal arena for 15 min

(n= 15); a group that was treated with an

intraperitoneal injection of physiological saline and after

15 min confronted the rattlesnake for 5 min (n= 7); a

group that was treated with an intraperitoneal injection

of 1 mg/kg naloxone and after 15 min confronted the

rattlesnake for 5 min (n= 6); a group that was treated

with an intraperitoneal injection of 3 mg/kg naloxone and

after 15 min confronted the rattlesnake for 5 min

(n= 7); and a group that was treated with an

intraperitoneal injection of 5 mg/kg naloxone and after

15 min confronted the rattlesnake (n= 6).

Independent groups of Wistar rats (n= 8) were also

pretreated with physiological saline or naloxone at a

dose of 1, 3 or 5 mg/kg and exposed to either the EPM

or ETM test. After 5 min of exposure, the TFLs were

recorded via the tail-flick test for 30 min.
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Elevated plus-maze

The EPM comprised two open arms (50 � 10 cm) and two

closed arms (50 � 10 � 50 cm) that extended from a

common central platform (10 � 10 cm). The apparatus

was constructed from wood and configured such that

the arms of the same type were opposite each other,

and the entire apparatus was elevated 50 cm above the

floor (Pellow et al., 1985). A raised edge on the open arms

made of transparent Plexiglas (1 cm) provided an addi-

tional grip for the rats. The experimental sessions were

recorded by a video camera (Sony Handycam, HDR-

SR10, Osaki, Shinagawa-ku, Tokyo, Japan) interfaced

with a monitor and a VCR in an adjacent room. The lumi-

nosity at the level of the open arms was 50 lux. The rats

were placed individually in the center of the maze facing

a closed arm and were allowed to freely explore the maze

for 5 min. The rodents received intraperitoneal treatment

with physiological saline or naloxone at three different

doses (1, 3 and 5 mg/kg), and fifteen minutes after the

injections, each rat was gently placed in the central area

of the EPM with its nose facing one of the closed arms

and was allowed to freely explore the maze for 5 min.

Before the next rat was tested, the maze was cleaned

with 5% alcoholic solution. Traditional EPM measures,

such as the number of entries into the arms and the time

spent in each part of the maze, and the frequencies of the

following complementary behavioral categories were ana-

lyzed: (I) the flat-back approach (FBA; locomotion in

which the animal stretches to its full length and cautiously

moves forward), (II) the stretched attend posture (SAP;

when the rat stretches to its full length with its forepaws,

keeps its hind paws in the same place, and turns back

to the anterior position), (III) head dipping (the animal dips

its head below the level of the maze floor), (IV) end-arm

exploration (EAE; the number of times that the rat

reaches the end of an open arm), (V) grooming

(species-specific behavioral sequences comprising the

cleaning of any part of the body surface or fur with the ton-

gue, teeth, and/or forepaws), and (V) rearing (partial or

total raising on the hind limbs (Anseloni and Brandão,

1997; Anseloni et al., 1999; Albrechet-Souza et al.,

2009). Immediately after the EPM tests, the nociception

thresholds of the animals were compared as described

above.
Elevated T-maze

The ETM is made of the same material as the EPM;

however, it has three arms of equal dimensions

(50 � 10 cm). One arm, which is enclosed by 50-cm-

high walls, is perpendicular to the two opposed open

arms. These arms are surrounded by a 1-cm-high

Plexiglas rim that is designed to prevent falls. The entire

apparatus is elevated 50 cm above the floor. The

brightness at the level of the maze arms was the same

as that used in the EPM. The rodents received an

intraperitoneal injection of physiological saline or

naloxone at three different doses (1, 3 and 5 mg/kg),

and fifteen minutes after the injections, the ETM test

was initiated by assessing the inhibitory avoidance and

escape behavioral response latencies displayed by the
rats. First, each animal was placed at the distal end of

the enclosed arm of the ETM facing the intersection,

and inhibitory avoidance was measured. The latency to

leave this arm with four paws was recorded (baseline

latency), and this measurement was repeated in two

subsequent trials (avoidances 1 and 2) at 30-s intervals.

In addition, thirty seconds after the last avoidance trial,

the rat was placed at the end of the open arm that it

was exposed to at the beginning of the test, and the

latency to leave this arm with four paws was recorded in

three consecutive trials (escapes 1, 2, and 3) at 30-s

intervals. A 5-min cut-off time was established for the

avoidance and escape latency tests (Roncon et al.,

2012, 2015). Immediately after the ETM tests, the noci-

ception thresholds of the animals were compared as

described above.
Prey-versus-predator paradigm

A semi-transparent acrylic enclosure consisting of a

polygonal arena (154 � 72 � 64 cm) with inner walls that

were covered with a reflective film, which provided 80%

light reflection to minimize the visual contact between

the predator and the surrounding experimental area and

forced the animal to focus its attention on its prey, was

used for the prey-predator confrontations. A green

fluorescent line (4.2-mm width; Pritt Mark-It) was used

to divide the arena into 20 equal rectangles. The

arena’s acrylic base was placed over a rectangular

stainless steel platform, and the entire apparatus was

elevated on a granite rock surface (2 � 85 � 170 cm)

positioned 83 cm above the laboratory floor to minimize

vibratory stimuli.
Procedure

After one week of habituation in the ophidiarium of the

Laboratory of Neuroanatomy & Neuropsychobiology of

the FMRP-USP, each serpent was carefully placed

inside the polygonal arena. The rodents were then

assigned to one of the following experimental groups: a

group that was treated with an intraperitoneal injection

of physiological saline, or a group that was treated with

intraperitoneal injections of naloxone at three different

doses (1, 3 and 5 mg/kg). Fifteen minutes after

treatment, the rodents were placed in the apparatus at a

location opposite that occupied by the snake. After

15 min of confrontation with the serpent, the rodent was

removed from the arena. After the area was cleaned

with distilled water, another rodent was confronted by

the serpent. The snakes were exposed to a maximum

of eight rodents (one at a time) and were then

transferred to the polygonal enclosure in the LNN-

FMRP-USP laboratory to minimize any stresses

imposed by the threatening encounters. Before each

experiment, the rattlesnakes were fed Wistar rats in the

same polygonal arena in which the prey-versus-predator

confrontations occurred. Thus, each experimental group

was eventually subjected to the same residual odor

stimulus provided by the predator or prey. However, a

different rattlesnake was used for each naı̈ve

experimental group, and the experimental polygonal
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arena was cleaned with a 5% alcohol solution before each

naı̈ve experimental group underwent testing. At 24 h after

the prey-versus-rattlesnake interactions, the rats were

subjected to the experimental context without the

serpent (contextual fear conditioning). Each rodent was

used in only one confrontation. The rats were exposed

to the rattlesnakes in a random fashion after 7 pm at

25 �C± 1 �C (40–70% humidity). After the experiment,

each wild rattlesnake was transferred to the snake

house of the Ribeirão Preto School of Medicine of the

University of São Paulo (FMRP-USP) and subjected to

a 40-day quarantine period; then, the reptiles were

placed with the other rattlesnakes at the FMRP-USP

main ophidiarium. None of the experimental rats were

eaten by a snake.

Other independent experimental groups were also

exposed to the rattlesnake for 5 min (n= 6–7 per

group), and immediately after the confrontation tests,

the nociception thresholds of the animals were

compared as described above. The post-treatment

rodent and serpent behavioral reactions were captured

by a video camera (Sony Handycam HDR-CX350,

Tokyo, Japan). None of the experimental rats were

eaten by a snake. In cases of bites in which venom

inoculation occurred, the animals were removed from

the arena and euthanized with a pentobarbital injection

(90 mg/kg) at a maximum of 5 min after the offensive

attack. This procedure was used to minimize the

characteristic symptoms of poisoning in the

experimental condition. However, none of the rats in

question were used for the behavioral reaction

recordings, and the responses displayed before the

offensive attack were excluded from the study.

Predatory and antipredatory behavioral reactions

The following antipredatory behaviors were displayed by

the Wistar rats: (I) defensive attention (interruption of

ongoing behaviors for up to five seconds, followed by an

attentive posture, as well as behaviors characterized by

small head movements, rearing and smelling), (II)

defensive immobility (absence of movement for up to six

seconds, except for respiration, followed by autonomic

reactions, such as defecation, exophthalmia and/or

micturition), (III) escape responses (running and/or

jumping in a direction opposite that of the predator); (IV)

the FBA (forward elongation of the body with frontward

movement accomplished by slowly pulling the hind

body), (V) startle behaviors (sudden, involuntary

movements elicited by something frightening or

unexpected, such as a rattle noise or sudden body/head

movement by the predator); (VI) interactions with the

predator (close contact, followed by sniffing, careful

touching with the front paws and/or nose, and

eventually, ‘‘exploratory biting” (by some prey), which

elicited a reactional ‘‘aggressive”/defensive response

from the predator (sudden rattle movements, fast

movements of the head toward the prey, retraction of

the body, threatening postures, and strikes)); (VII)

crossings (stepping with four legs within a delimited

rectangle on the arena floor after crossing the border of

each section line) and (VIII) rearing responses
(movements resulting in the animals standing on their

hind paws, with their front paws elevated above the floor).

The following predatory and defensive behaviors were

displayed by the snakes: (I) threatening postures:

defensive reactions in which the snakes elevated the

first third of their bodies and assumed an ‘‘S” shape

(although continuous and rapid movements of the rattle

producing a warning sound are frequently displayed

during threatening postures, this response was recorded

separately in the reptile ethogram); (II) threatening

attacks: defensive behaviors in which the snake strikes

without biting, with a rattle warning sound preceding the

attack; (III) offensive/defensive attacks: strikes with

biting (in the event of offensive/defensive attacks, the

experiment was interrupted, the prey was sacrificed with

a lethal injection of sodium pentobarbital and discarded

from the experiment, and the behavioral data related to

the rodent that was attacked and poisoned were also

discarded); (IV) defensive postures: defensive behaviors

in which the snake stays in the same place, with its

body in a coil shape, protecting the head on the upper

body ring; (V) predatory attacks: silent attacks,

searching responses, and capture and feeding

behaviors; in the present study, predatory attacks were

observed only during the previous feeding of the reptiles

in the polygonal arena (hunting behavior was

considered an important index of the snakes’

adaptability to the experimental environment); and (VI)

crossing: body movements through four delimited

rectangles in the polygonal arena floor after crossing the

border of each section line. All behavioral reactions

were captured by a videocamera (Sony Handcam HDR-

CX350, Tokyo, Japan) for a posterior blind to

researcher analysis.

The preys were assigned to the following

experimental groups: a group that was intraperitoneally

injected with physiological saline and after 15 min

confronted the rattlesnake for 15 min, (n= 15); a group

that was intraperitoneally injected with 1 mg/kg naloxone

and after 15 min confronted the rattlesnake for 15 min

(n= 15); a group that was intraperitoneally injected with

3 mg/kg naloxone and after 15 min confronted the

rattlesnake for 15 min (n= 12); and a group that was

intraperitoneally injected with 5 mg/kg naloxone and

after 15 min confronted the rattlesnake for 15 min

(n= 12). All groups were resubmitted to the

experimental context without the rattlesnake for 15 min

at 24 h after the prey-versus-serpent confrontation (no

additional pharmacological treatment was administered

before the re-exposure to the experimental context).

This re-exposure was performed to evaluate the

elaboration of the conditioned fear-related behavioral

responses caused by aversion-inducing stimulus-related

memory consolidation of the previous exposure to the

predator the previous day during which the rodents were

threatened. During the re-exposure to the experimental

context, the following behavioral parameters were

analyzed: defensive attention and defensive immobility,

active avoidance, crossings and rearing. A detailed

description of the behavioral repertoires displayed by

the rodents and snakes is shown in Tables 1 and 2.



Table 1. Description of the behaviors displayed by rodents during the

confrontation with the rattlesnake pit viper

Behavioral

parameters

Description

Defensive

attention

Interruption of ongoing behavior up to five

seconds, followed by attentive posture, with

small head movements, rearing and

smelling out the surrounding air

Defensive

immobility

Total absence of movement up to six

seconds, with the exception of respiration,

followed by autonomic reactions, such as

defecation, exophthalmia and/or micturition

Escape Running and/or jumping in opposite

direction of the predator

Avoidance Running to different directions of the arena

in which there was a previous confrontation

with the predator

FBA (Flat-back

approach)

Forward elongation of the body with

frontward movement by slowly pulling the

hind body

Startle A sudden, involuntary movement in

response to something frightening or

unexpected, such as a sudden rattle noise

or predator movement

Prey vs Predator

interaction

Close contacts, followed by sniffing, careful

touching with front paws and/or nose,

‘‘exploratory biting” between rats and

rattlesnakes, with reactional ‘‘aggressive”/

defensive response of the predator (sudden

rattle movements, fast movement of the

head toward the prey, retraction of the

body; threatening posture; strikes)

Crossing Stepping with four legs within a delimited

rectangle in the arena after crossing the

border of each section line

Rearing Movement of standing on the hind paws

with front paws elevated from the floor

Table 2. Description of the behaviors displayed by rattlesnakes during

the confrontation with the prey

Behavioral

parameters

Description

Threatening posture Elevation of the first third of the body in

‘‘S”-shape

Rattle movements Continuous and rapid movements of the

rattle

Threatening attack Strikes without a bite

Offensive attack Strikes with bite

Defensive posture Immobility with body in a coil-shape

Crossing Body movements through the border for

the limited rectangles in the arena floor
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In cases of offensive attacks, we did not include the

partial behavioral data that were recorded between

the beginning of the exposure and the time at which the

poisonous bite occurred. Only 12 of the 15 Wistar rats

in the groups pretreated with naloxone at doses of

3 mg/kg and 5 mg/kg, respectively, were included in the

statistical analysis, as three rats from each group were

discarded because they were poisoned during the

experimental sessions. However, we included these

animals in the assessment of the percentage of

rattlesnakes that offensively attacked the naloxone-

pretreated animals.
Drugs

The opioid antagonist naloxone hydrochloride (Sigma

Chemical Co., St. Louis, USA) at a dose of 1.0, 3.0, and

5.0 mg/kg, was used in this study and was dissolved in

physiological saline (NaCl; 0.9%) shortly before use.

Physiological saline served as the vehicle control.
Statistical analysis

The statistical analyses were performed using

STATISTICA version 6.0 and SPSS version 13.0
software, and the graphs were created using GraphPad

Prism version 7.0 software. The data are expressed as

mean + S.E.M. for the behavioral responses and TFLs.

One-way analysis of variance (ANOVA) was used to

assess the effects of injection (i.p) of different doses of

naloxone on the rats subjected to the EPM test,

whereas one-way repeated-measures ANOVA (one-way

RM-ANOVA) was used to analyze the effects of

injection of different doses of naloxone on both the

inhibitory avoidance and the escape responses

displayed by the rats subjected to the ETM test.

Treatment (physiological saline and 1, 3, and 5 mg/kg

naloxone) was the independent factor, and trials

(baseline, avoidances 1 and 2, and escapes 1–3) were

the repeated measures. Newman–Keuls post hoc tests

were performed if significant overall F-values were

obtained in ANOVA.

The behavioral data, which were obtained after the

prey-versus-predator confrontations (unconditioned fear)

and exposure to the experimental context (conditioned

fear), were subjected to two-way ANOVA with condition

(unconditioned and conditioned) and treatment

(physiological saline and 1, 3, and 5 mg/kg naloxone) as

the main factors. In cases of risk assessment, startle

and interaction behavior, we subjected the data to one-

way ANOVA with treatment as the main factor. Tukey’s

post hoc tests were performed when appropriate. One-

way ANOVA followed by Tukey’s post hoc test was

conducted to analyze the behavioral responses of the

predators.

Two-way RM-ANOVA followed by Newman–Keuls

multiple comparisons tests were used to analyze the

nociceptive thresholds in the tail-flick test. In all cases,

p< 0.05 was considered statistically significant.

RESULTS

Experiment 1: Effects of different doses of naloxone
on rats subjected to the EPM test

The effects of different doses of naloxone on the

behavioral responses displayed by rats subjected to the

EPM test are illustrated in Fig. 1A–D. One-way ANOVA

revealed that naloxone had a significant effect on the

number of open-arm entries and the percentage of time

spent in the arms (F(3,24) = 6.57, p< 0.01 and

F(3,24) = 14.95, p< 0.001, respectively; Fig. 1A, C,

respectively). However, naloxone had no significant



Fig. 1. Effects of intraperitoneal injections of physiological saline or naloxone (1, 3 and 5 mg/kg)

on the behavior of rats subjected to the EPM and tail-flick tests. (A) The number of entries into the

open arms of the maze; (B) the number of entries into the closed arms of the maze; and (C) the

relative amounts of time spent in the open arms of the maze and the other portions of the maze.

Data are expressed as mean + S.E.M., n= 8 per group. *p< 0.05, **p< 0.01 and ***p< 0.001

compared with the physiological saline-treated group; ++p< 0.01 compared with the 1 mg/kg

naloxone-treated group, ##p< 0.01 compared with the 3 mg/kg naloxone-treated group, as

demonstrated by one-way ANOVA followed by Newman–Keuls post hoc test. (D) Thermal

nociceptive reactions recorded using the tail-flick test over 30 min after a 5-min exposure to the

EPM test. Data are expressed as mean ± S.E.M. *p< 0.05 compared with the sham group (no

exposure to the EPM); #p< 0.05 compared with the physiological saline-treated group, +p< 0.01

compared with the 1 mg/kg naloxone-treated group, as demonstrated by two-way RM ANOVA

followed by Newman–Keuls post hoc test.
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effects on the number of closed-arm entries

(F(3,24) = 0.91, p> 0.05; Fig. 1B). Compared with the

rats that received physiological saline, the rats that were

treated with 1, 3, and 5 mg/kg naloxone showed

increases in the number of open-arm entries (Newman–
Keuls post hoc test; p< 0.01,

p< 0.05, and p< 0.01,

respectively). Moreover, compared

with the rats that received

physiological saline, the rats that

were treated with 1, 3, and 5 mg/kg

naloxone exhibited an increase in

the percentage of time spent in the

open arms of the maze (Newman–

Keuls’ post hoc test; p< 0.01,

p< 0.01, and p< 0.001,

respectively). Additionally, the rats

that were treated with 5 mg/kg

naloxone also exhibited an increase

in the percentage of time spent in

the open arms of the maze

compared with that of the rats that

received 1 mg/kg (p< 0.01) and

3 mg/kg (p< 0.01) naloxone

(Newman–Keuls’ post hoc test).

Regarding the effects of different

doses of naloxone on

complementary behavioral

parameters, one-way ANOVA

showed that naloxone had a

significant effect on the frequency of

head dipping, risk assessment

(SAP), and EAE (F(3,24) = 13.32,

4.94, and 7.45, and, respectively;

p< 0.001, p< 0.01, p< 0.01,

respectively; Fig. 1D). Specifically,

the rats that were treated with 1, 3,

and 5 mg/kg naloxone exhibited

increased frequencies of head

dipping (Newman–Keuls’ post hoc
test; p< 0.01, p< 0.001, and

p< 0.001, respectively) and EAE

(Newman–Keuls’ post hoc test;

p< 0.05, p< 0.05, and p< 0.001,

respectively) compared with those of

the rats that received physiological

saline. In addition, the rats that were

treated with 5 mg/kg naloxone

exhibited increased frequencies of

head dipping (p< 0.01) and EAE

(p< 0.01) compared with those of

the rats that received 1 mg/kg and

3 mg/kg naloxone, respectively

(Newman–Keuls’ post hoc test).

However, compared with the rats

that received physiological saline,

the rats that were treated with 1, 3,

and 5 mg/kg naloxone exhibited a

reduction in the frequency of SAP

(Newman–Keuls’ post hoc test;

p< 0.05, p< 0.01, and p< 0.05,

respectively).
Exposure to the EPM test caused instinctive fear-

induced antinociception in the rodents. Two-way RM-

ANOVA showed that treatment (F(4,34) = 15.83,

p< 0.001) and time (F(9,306) = 14.53, p< 0.001) and



N. C. Coimbra et al. / Neuroscience 354 (2017) 178–195 185
the interaction between treatment and time

(F(36,306) = 7.10, p< 0.001) had a significant effect on

the behavioral responses of the rats that were elicited

by the EPM test. Specifically, the rats exposed to the

EPM test showed an increased number of TFL

responses (anxiety/fear-induced antinociception) from 0

to 10 min (Newman–Keuls post hoc test; p< 0.05) after

exposure to the EPM test (physiological saline-treated

group) compared with that of the rats that were not

subjected to the EPM test (sham-procedure group).

During this time (0 to 10 min), compared with the rats

that received saline, the rodents that were treated with

naloxone at all indicated doses (1, 3 and 5 mg/kg)

displayed attenuated anxiety/fear-induced

antinociception (p< 0.05). Moreover, the rats that were

treated with 3 and 5 mg/kg naloxone displayed latencies

that were significantly different from those displayed by

the rats that were treated with 1 mg/kg naloxone from 0

to 5 min after exposure to the EPM test (p< 0.05). Only

the rats that were treated with 5 mg/kg naloxone

displayed antinociceptive responses that were

significantly different from those displayed by the rats

that were treated with naloxone at the lower dose

(1 mg/kg) at 10 min after exposure to the EPM test

(p< 0.05; Fig. 1E).
Experiment 2: Effects of different doses of naloxone
on rats subjected to the ETM test

The effects of different doses of naloxone on the rats

subjected to the ETM test are shown in Fig. 2. Fig. 2A

shows that treatment with naloxone at different doses

did not affect the behavioral responses elicited by the

ETM test (F(3,23) = 0.50, p> 0.05). Moreover, one-way

RM-ANOVA revealed that the number of trials

(F(2,46) = 22.66, p< 0.05) but not the interaction

between the number of trials and treatment

(F(6,46) = 0.26, p> 0.05) had a significant effect on the

behavioral responses elicited by the ETM test. Fig. 2B

shows that different doses of naloxone failed to affect

escape latency (F(3,23) = 0.50, p> 0.05), and one-way

RM-ANOVA revealed that the number of trials

(F(2,46) = 4.04, p< 0.05) but not the interaction

between the number of trials and treatment (F(6,46) =

0.07, p> 0.05) had a significant effect on escape latency.

Exposure to the ETM test caused instinctive fear-

induced antinociception in the rodents. Two-way RM-

ANOVA showed that treatment (F(4,35) = 4.45;

p< 0.01) but not time had a significant effect on

escape latency (F(9,315) = 1.56; p> 0.05). In addition,

the interaction between treatment and time also had a

significant effect on escape latency (F(36,315) = 2.41;

p< 0.001). We noted an increase in TFL responses

from 0 to 5 min (Newman–Keuls post hoc test;

p< 0.05) after exposure to the ETM test in the

indicated group (physiological saline-treated group)

compared with that in the group that was not subjected

to the ETM test (sham-procedure group). Treatment

with naloxone all indicated doses (1, 3 and 5 mg/kg)

attenuated fear-induced antinociception from 0 to 5 min

after exposure to the ETM test in the indicated groups
compared with that in the control group (Newman-Keuls

post hoc test; p< 0.05; Fig. 2C).

Experiment 3: Effects of different doses of naloxone
on rats subjected to the new experimental model of
panic attack and anticipatory anxiety based on prey-
versus-rattlesnake confrontation

The polygonal arena used in the present study was

covered with light-reflector film and created an illusion of

environmental amplitude that probably exerted

additional aversion-inducing effects on the prey

confronted by the rattlesnakes. The encounter between

prey and predator was followed by an increase in

defensive reactions in the prey, which manifested as the

following behavioral responses: defensive attention, flat

back approach, startle behaviors, defensive immobility,

and either oriented or non-oriented running (escape

behavior). The rattlesnakes adopted a threatening

posture and threatened to attack while also displaying

rattle movements. The rattlesnakes eventually

undertook offensive attacks or assumed a defensive

posture (Fig. 3). Overall, 100% of the physiological

saline-treated rats survived; however, in 33% of the rats

in the naloxone-treated groups, we observed lethal

attacks that were not followed by feeding behavior. The

survival rate among the rats in the 1 mg/kg naloxone-

treated group that were exposed to rattlesnakes was

67%, and the survival rate among the rats in the

3 mg/kg naloxone-treated group was 67%. Moreover,

the survival rate among the rats that suffered an

offensive attack (not followed by feeding behavior) was

17%, and the survival rate among the rats in the

5 mg/kg naloxone-treated group was 100%. Regarding

the injuries sustained by the rats that experienced

attacks, we noted puncture wounds in the head (around

the ears, eyes, nose and neck) or in the anterior third

of the body. Venom inoculation inducted tonic–

clonic convulsions (jaw myoclonic reactions and tonic

responses in the hind paws, followed by periodic

myoclonus in the anterior and posterior paws).

After detecting the position of the natural predator

inside the arena, the physiological saline-treated prey

maintained a position far away from the predator

(Fig. 3A). However, after opioid receptor blockade, the

intensity of the instinctive fear-related response

decreased in a concentration-dependent manner.

Moreover, defensive immobility decreased in prey

treated with naloxone at a lower dose (1 mg/kg), and

this defensive behavior was occasionally organized by

preys even when the distance between them and the

predator was short (Fig. 3B, C). Although the FBA

response was still evoked after treatment with naloxone

at an intermediate dose (3 mg/kg), the interactions

between prey and predator were more frequent at

3 mg/kg than those at the lower dose (Fig. 3D), and

pretreatment of the prey with naloxone at the highest

dose (5 mg/kg) caused the prey to completely ignore the

danger signals displayed by the rattlesnakes (Fig. 3E, F).

As shown in Fig. 4, the control rats confronted by the

rattlesnakes displayed the following behavioral

responses: defensive attention, defensive immobility,



Fig. 2. Effects of intraperitoneal injections of physiological saline or naloxone (1, 3 and 5 mg/kg)

on inhibitory avoidance (A) and escape latencies (B) recorded during the ETM test. Data are

expressed as mean + S.E.M., n= 8 per group. p> 0.05 in all cases, as demonstrated by one-

way ANOVA followed by Newman–Keuls post hoc test. (C) Thermal nociceptive reactions

recorded using the tail-flick test over 30 min after a 5-min exposure to the ETM test. Data are

expressed as mean ± S.E.M. *p< 0.05 compared to the sham group (no exposure to the ETM),
#p< 0.05 compared to the physiological saline-treated group, as demonstrated by two-way RM

ANOVA followed by Newman–Keuls post hoc test.
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escape, FBA and startle (fright) behaviors. However,

blocking endogenous opioid peptide receptors with

naloxone at different doses had a clear, progressive

antiaversion-inducing effect. However, the Wistar rats

that were subjected to the experimental context
(polygonal arena without the

predator) at 24 h after the

threatening encounter with the

rattlesnake still displayed defensive

attention and defensive immobility

but not statistically significant

avoidance responses. These

responses were discrete after

peripheral pretreatment with the non-

selective opioid receptor antagonist

naloxone.

According to two-way ANOVA,

there were significant effects of

treatment, condition and the

interaction between these factors

considering the frequency of the

defensive attention response

(treatment, F(4,124) = 25.60,

p< 0.001; condition,

F(1,124) = 13.01, p< 0.001; and

interaction between treatment versus

condition, F(4,124) = 7.54,

p< 0.001). In the presence of the

predator (unconditioned fear), the

physiological saline-treated group

displayed the defensive attention

response more frequently than the

control group (no-threat group)

(Tukey’s post hoc test; p< 0.001).

Treatment with naloxone at higher

doses (3 and 5 mg/kg) decreased

the frequency of defensive attention

in the indicated groups compared

with that in the control group

(Tukey’s post hoc test; p< 0.001)

and elicited significant changes in

the frequencies of these responses

in the indicated groups compared

with those in the group treated with

naloxone at the lowest dose (1 mg/

kg) (Tukey’s post hoc test;

p< 0.001). The prey that were

pretreated with physiological saline

and re-exposed to the experimental

context (conditioned fear) exhibited

defensive attention more frequently

than did the control group (Tukey’s

post hoc test; p< 0.05), indicating

that the experimental context could

elicit defensive attention behavior in

previously threatened prey.

However, naloxone treatment at all

abovementioned doses attenuated

this defensive behavior (Tukey’s post

hoc test; p> 0.05), as shown in

Fig. 4A.

Regarding the frequency of
defensive immobility, according to two-way ANOVA,

there were significant effects of the treatment, condition

and the interaction between these factors (treatment,

F(4,124) = 31.80, p< 0.001; condition, F(1,124) = 6.55,



Fig. 3. Representative photographs of the aversive stimulus-induced unconditioned fear-related

behavioral responses (A–C) or fearlessness (D–F) exhibited by Wistar rats confronted by

rattlesnakes after intraperitoneal treatment with physiological saline (A) or naloxone at doses of

1 mg/kg (B and C), 3 mg/kg (D) and 5 mg/kg (E and F).
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p< 0.05 and interaction between treatment versus

condition, F(4,124) = 5.06, p< 0.01). In the presence of

the serpent, the physiological saline-treated group

exhibited defensive immobility more frequently than did

the no-threat group (Tukey’s post hoc test; p< 0.001).

Treatment with naloxone at different doses (1, 3 and

5 mg/kg) significantly decreased the frequency of

defensive immobility in the indicated groups compared

with that in the control group (Tukey’s post hoc test;

p< 0.05, p< 0.001, p< 0.001, respectively).

Moreover, the antiaversion-inducing effects of naloxone

administered at higher doses (3 and 5 mg/kg) were

significantly greater than those of naloxone administered

at the lowest dose (1 mg/kg) (Tukey’s post hoc test;

p< 0.001). Regarding contextual fear, threatened

Wistar rats pretreated with physiological saline still
displayed defensive immobility more

frequently than did non-threatened

rats (Tukey’s post hoc test;

p< 0.01) (Fig. 4B), indicating that

the re-exposure to the experimental

context could elicit defensive

immobility behavior (conditioned

fear). In this case, compared with

treatment with physiologic saline,

pretreatment with naloxone at higher

doses (3 and 5 mg/kg) attenuated

conditioned fear-related defensive

immobility (Tukey’s post hoc test;

p< 0.05, p< 0.01, respectively), as

shown in Fig. 4B.

Regarding the incidence of

escape/avoidance behavioral

reactions, according to two-way

ANOVA, there were significant

effects of treatment, condition and

interaction between these factors

(treatment, F(4,124) = 44.38,

p< 0.001; condition,

F(1,124) = 40.92, p< 0.001;

interaction between treatment and

condition, F(4,124) = 15.63,

p< 0.001). The physiological saline-

treated group threatened by the

rattlesnake displayed escape

responses more frequently than did

the no-threat group (Tukey’s post

hoc test; p< 0.001). Treatment with

naloxone at higher doses (3 and

5 mg/kg) significantly decreased the

frequency of the escape responses

(Tukey’s post hoc test; p< 0.001) in

the indicated groups compared with

that in the control group, and the

antiaversion-inducing effects caused

by naloxone at doses of 3 and 5 mg/

kg were significantly greater than

those induced by naloxone at the

lowest dose (1 mg/kg) (Tukey’s post
hoc test; p< 0.001 in both cases).

Pretreatment with naloxone had no

significant effect on the frequency of
the active avoidance responses elicited by exposure to

the aversive experimental context in the indicated

groups compared with those in the control group

(Tukey’s post hoc test; p> 0.05 in all cases), as shown

in Fig. 4C.

Regarding the FBA and startle responses, according

to one-way ANOVA followed by Tukey’s post hoc test,

Wistar rats that were threatened by rattlesnakes and

treated with physiological saline displayed the FBA

(F(4,57) = 48.71, p< 0.001; Fig. 4D) and startle

behaviors (F(4,57) = 12.45, p< 0.001; Fig. 4E) more

frequently than did the rats in the no-threat group.

Moreover, the rats treated with physiological saline also

displayed cautious interactions with the predator

(F(4,57) = 4.30, p< 0.01; Fig. 4F) more frequently than



Fig. 4. Effects of intraperitoneal injections of physiological saline or naloxone (1, 3 and 5 mg/kg)

on the behavior of rats subjected to the prey-versus-rattlesnake confrontation paradigm

(unconditioned fear) inside a polygonal arena containing snakes (panic attack model) and the

experimental context without the predator (conditioned fear). (A) Defensive attention; (B) defensive

immobility; (C) escape/avoidance behavioral responses; (D) flat back approach (FBA); (E) startle

(fright); (F) interaction with the snake; (G) crossings, and (H) rearing. Data are presented as mean

+ S.E.M., n= 12–15. #p< 0.05, ##p< 0.01 and ###p< 0.001 compared with the no-threat

group; *p< 0.05, **p< 0.01 and ***p< 0.001 compared with the physiological saline-treated

group; ++p< 0.01 and +++p< 0.001 compared with the 1 mg/kg naloxone-treated group, as

demonstrated by one-way ANOVA followed by Tukey’s post hoc test.
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did the rats in the no-threat group. Treatment with

naloxone at all indicated doses (1, 3 and 5 mg/kg)

significantly decreased the frequency of both the FBA

and startle behaviors (Tukey’s post hoc test; p< 0.001

in all cases) in the indicated groups compared with

those in the control group. However, treatment with

naloxone at only the highest dose (5 mg/kg) increased

the frequency of interactions between the prey and

rattlesnake (Tukey’s post hoc test; p< 0.05), which are

behavioral changes suggestive of fearlessness. After

exposure to the aversive experimental context, the
rodents that had previously been

threatened did not display the

abovementioned behavioral

responses.

Two-way ANOVA showed that

treatment, condition and the

interaction between these factors

had a significant effect on the

frequency of crossings (treatment,

F(4,124) = 52.76, p< 0.001;

condition, F(1,124) = 42.31,

p< 0.001; interaction between

treatment and condition,

F(4,124) = 3.48, p< 0.05).

Threatened Wistar rats treated with

physiological saline displayed a

decreased frequency of crossings

compared with that of the rats in the

no-threat group (Tukey’s post hoc
test; p< 0.001), as shown in

Fig. 4G. Treatment with naloxone at

doses of 3 and 5 mg/kg significantly

increased the frequency of crossings

in the indicated groups compared

with that in the control group

(p< 0.05, p< 0.01, respectively)

and the 1 mg/kg naloxone-treated

group (Tukey’s post hoc test;

p< 0.01; Fig. 4G). When subjected

to the experimental context, the

threatened rats displayed a

decreased frequency of crossings

compared with that of the rats in the

no-threat group (Tukey’s post hoc

test; p< 0.01). In this case,

treatment with naloxone at all

abovementioned doses changed the

frequency of crossings in the

indicated groups compared with that

in the control group (Tukey’s post
hoc test; p> 0.05), as shown in

Fig. 4G. Two-way ANOVA showed

that treatment, condition and the

interaction between these factors

had a significant effect on the

frequency of rearing (treatment,

F(4,124) = 49.91, p< 0.001;

condition, F(1,124) = 24.96,

p< 0.001; interaction between

treatment and condition,
F(4,124) = 3.50, p< 0.05). Compared with the no-threat

group, the physiological saline-treated group displayed a

decreased frequency of rearing (Tukey’s post hoc test;

p< 0.001) in both aversion-inducing experimental

situations. Treatment with naloxone at any dose

changed rearing behavior in the indicated groups

compared with that in the physiological saline-treated

group (Tukey’s post hoc test; p> 0.05), as shown in

Fig. 4H.

The threatening encounter with the rattlesnake

induced instinctive fear-induced antinociception in the
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rodents only after 5 min confrontation. RM-ANOVA

showed that treatment (F(4,28) = 39.74; p< 0.001), time

(F(9,252) = 12.1; p< 0.001) and the interaction between

treatment and time (F(36,252) = 15.79; p< 0.001) had a

significant effect on the frequency of fear-induced

antinociception. Compared with the rats in the no-threat

group, threatened Wistar rats pretreated with

physiological saline showed increased TFLs from 0 to

10 min after the confrontation with the rattlesnakes

(Newman–Keuls’ post hoc test; p< 0.05). Additionally,

compared with the rats in the control group, the rodents

treated with naloxone at all indicated doses (1, 3 and

5 mg/kg) showed decreased unconditioned fear-induced

antinociception from 0 to 10 min after the confrontation

with the rattlesnakes (Newman–Keuls post hoc test;

p< 0.05), as shown in Fig. 5.

One-way ANOVA and Tukey’s post hoc test showed

that the fearlessness behavior displayed by the prey

pretreated with naloxone at higher doses (3 and

5 mg/kg) increased the defensive behavior displayed by

the predator, as illustrated in Fig. 6A–F. Compared with

the rats in the control group, Wistar rats treated with

naloxone at the highest dose (5 mg/kg) elicited

significant increases in the number of snakes that

assumed a threatening posture (F(3,28) = 6.55,

p< 0.01; Fig. 6A) and displayed threatening attack

(F(3,28) = 3.47, p< 0.05; Fig. 6C) behaviors. Moreover,

prey treated with naloxone at doses of 3 and 5 mg/kg

provoked a statistically significant decrease in the

frequency of crossings (F(3,28) = 11.99, p< 0.001;

Fig. 6F) displayed by the rattlesnakes compared with

the motor behavior displayed by serpents confronted

with preys pretreated with physiological saline. There

were no significant differences in the frequencies of

rattle movements (F(3,28) = 0.81, p> 0.05; Fig. 6B),

offensive attacks (F(3,28) = 1.92, p> 0.05; Fig. 6D), or
Fig. 5. Effects of intraperitoneal injections of physiological saline or naloxo

withdrawal reflexes exhibited by the rats subjected to the tail-flick test for 30

recorded immediately after the 5-min prey-versus-rattlesnake confrontation. D

with the sham group (no exposure to the rattlesnake), #p< 0.05 compared wi

RM ANOVA followed by Newman–Keuls post hoc test.
defensive posture (F(3,28) = 0.54, p> 0.05; Fig. 6E)

displayed by the venomous snakes confronted with

different experimental groups of preys.
DISCUSSION

Exposing rats to the EPM elicited anxiety-like responses,

which were expressed as the discrete number of entries

into and the time spent in the open arms of the EPM

test. These responses were significantly attenuated after

systemic treatment with naloxone, which also exerted

anxiolytic-like effects on the complementary behaviors

displayed by rats subjected to the EPM test. These

findings support those of a previous report

demonstrating that naloxone induced potentiation of the

anxiolytic properties of subeffective doses of anxiolytic

drugs in mice subjected to the EPM test (Belzung and
�Agmo, 1997). In addition, atypical anxiolytic-like

responses to naloxone were also noted in

benzodiazepine-resistant 129S2/SvHsd mice, with

changes characterised by behaviorally selective

decreases in open-arm avoidance (Rodgers et al., 2006).

However, non-selective blockade of opioid receptors

did not have a significant effect on the performances of

rats subjected to the ETM test. The lack of opioid

receptor antagonist-induced effects on laboratory

animals subjected to the ETM test has been previously

demonstrated in studies examining the latency of the

escape response (Roncon et al., 2013, 2015, 2017).

In this study, treatment with naloxone at any indicated

dose did not have a significant influence on the frequency

of entries into the closed arms of the EPM, suggesting

that naloxone did not influence motor behavior.

Interestingly, the antiaversion-inducing effects of

blocking endogenous opioid peptide receptors, which

has been previously demonstrated elsewhere (Coimbra
ne (1, 3 and 5 mg/kg) on the thermal nociceptive stimulus-induced

min after the prey-versus-predator confrontation. The latencies were

ata are expressed as mean ± S.E.M., n = 6–7 *p< 0.05 compared

th the physiological saline-treated group, as demonstrated by two-way



Fig. 6. Defensive responses displayed by rattlesnakes to the fear-induced responses or

fearlessness of rats pretreated with either physiological saline or naloxone (1, 3 and 5 mg/kg).

The following behavioral responses of the predators were assessed: (A) threatening posture; (B)

rattle movements; (C) threatening attacks; (D) offensive attacks; (E) defensive posture and (F)

crossings. Data are presented as mean + S.E.M. *p< 0.05, **p< 0.01 and ***p< 0.001

compared with snakes confronted by physiological saline-treated rats,++p< 0.01 and
+++p< 0.001 compared with snakes confronted by 1 mg/kg naloxone-treated rats, #p< 0.05

compared to snakes confronted by 3 mg/kg naloxone-treated rats, as demonstrated by one-way

ANOVA, followed by Tukey’s post hoc test.
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et al., 1996, 2000; Ribeiro et al., 2005; Castellan-Baldan

et al., 2006), was not observed in the ETM test, an exper-

imental model used to investigate both anticipatory anxi-

ety (Graeff et al., 1993, 1998; Anseloni et al., 1999;

Netto et al., 2002; Carvalho and Nunes-de-Souza,

2004) and panic-like (Roncon et al., 2015) responses in

rodents.

The lack of opioid receptor antagonist-induced effects

on the escape/avoidance tasks of the ETM test is

believed to indicate that the modality of the aversion-

inducing stimuli associated with the ETM (open arms)

test is not sensitive to endogenous opioid peptide

receptor blockade at any of the peripheral doses used in

this work or non-selective and selective opioid receptor

antagonists administered centrally at low concentrations

(Roncon et al., 2013, 2015). We hypothesize that opioid

antagonism can attenuate the innate fear-induced
responses elicited by other types of

aversion-inducing stimuli, particularly

those associated with natural preda-

tors, which activate the limbic system

neurons involved in antipredator

behavioral responses. Given that the

polygonal arena for snakes is a model

designed to induce a combination of

anxiety and unconditioned fear-

related behavioral responses, we also

hypothesize that opioid receptor

antagonism can modulate more

robust anxiety-like behavior and panic

attack-like reactions in the prey-

versus-snake interaction paradigm

but not the mild escape/avoidance

behavioral responses displayed by

rats in the ETM test.

In addition, the rats subjected to

both the EPM and ETM tests

displayed anxiety/fear-related

antinociception. However, this

defensive hypoalgesia was more

intense and long lasting (at least

10 min duration) after exposure to

the EPM test than after exposure to

the ETM test, which was shorter

(only 5 min) than the EPM test.

Pretreatment with the non-selective

opioid receptor antagonist naloxone

significantly attenuated the anxiety/

innate fear-related antinociception

elicited by exposure to either the

EPM or the ETM tests, suggesting

that the endogenous opioid system

is involved in the elaboration of the

anxiety/unconditioned fear-induced

antinociception displayed by rodents

in elevated mazes.

To investigate the effect of the

non-selective blockade of

endogenous opioid receptors on

more robust panic attack-like

behaviors, we pretreated

independent groups of rats with
naloxone and subjected them to experiments in a

polygonal arena containing wild venomous snakes. The

polygonal arena in which the confrontations between the

snakes and rodents occurred is an experimental model

of panic attacks (Coimbra et al., 2017b), and it has been

ethologically and pharmacologically validated in previous

studies (Lobão-Soares et al., 2008; Almada and

Coimbra, 2015; Almada et al., 2015b). Rodents exposed

to the polygonal arena and complex labyrinths containing

snakes display defensive reactions related to anxiety

(defensive attention and flat-back responses) and panic

attacks (freezing and escape) (Uribe-Mariño et al.,

2012; Twardowschy et al., 2013; Coimbra et al., 2017b).

Blocking opioid receptors in the prey had both

anxiolytic- and panicolytic-like effects in the presence of

an imminent threat to survival. This finding is supported
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by our observation of significant decreases in the

incidences of defensive attention and the FBA response

(anxiety-related defensive behaviors), as well as the

incidences of the startle (fright), defensive immobility

and escape responses (unconditioned fear/panic attack-

like behaviors).

The panic attack-like behavior displayed by the prey

during their encounters with the rattlesnakes was more

prominent at the beginning of the confrontations, a time

during which the rodents explored the arena and

recognized the repositioning of the snake, than at any

other point during the confrontations. The panic attack-

like responses displayed by the prey were followed by

significant fear-induced antinociception after a 5-min

confrontation but not after a 15-min prey-versus-

predator encounter. However, signs of fear- and

anxiety-related responses were also detected

throughout the confrontation times used in this study.

These findings can be attributed to the intense fear

induced by the freely moving predator during the first

third of the confrontation time-window during which the

threats (short distance between the rattlesnakes and

prey) were commonly more proximal than distal.

Generally, for the entire 15-min duration of the

confrontation, the prey gradually displayed defensive

attentional postures or defensive immobility at the

maximal distance from the rattlesnakes, which, in this

case, represented a distant threat. The anxiety resulting

from exposure to a dangerous environment could also

recruit endogenous mechanisms associated with

anticipatory pain. High attentional levels (Blanchard

et al., 2001) can elicit emotional augmentation of clinical

pain, a phenomenon that has also been observed in

humans undergoing neuroimaging studies (Tracey et al.,

2002; Schweinhardt et al., 2008). This enhancement

may involve the recruitment of the periaqueductal

gray matter, a mesencephalic structure in which panic

attacks, attentional regulation and pain modulation are

organized in different columns (Longe et al., 2001;

Tracey et al., 2002; Borelli et al., 2005; Coimbra et al.,

2006; Fairhurst et al., 2006; Tracey and Iannetti, 2006).

The antiaversion-inducing effects of the non-specific

opioid receptor antagonist were prominent even at 24 h

after the encounter between the prey and wild snakes,

indicating that the drug induced attenuated fear

conditioning.

The panicolytic-like effects of the opioid receptor

blockade with naloxone also manifested as increased

exploratory behavior (enhancement of crossing

responses), particularly at the beginning of the prey-

versus-rattlesnake encounter. Interestingly, in this work,

the decreases in defensive immobility caused by

naloxone were observed not only in the presence of the

rattlesnakes (characterizing mainly a consistent

panicolytic-like effect) but also after 24 h, the time at

which the prey was re-exposed to the experimental

context without the rattlesnakes. However, we noted

that exposure to the experimental context elicited no

significant decreases in defensive attention in the

treated groups compared with that in the control group.

If treatment with naloxone prevents the onset of anxiety
during the confrontation with the rattlesnakes, there

would be no reason to expect robust conditioned fear-

related behavioral responses during subsequent

exposures to the experimental context. However, the

role played by endogenous opioid peptides in aversion-

related learning should also be investigated.

m-Opioid receptor knockout mice show impairment in

stress-induced acquisition of fear learning, suggesting

that the endogenous opioid peptide system plays an

important role in the fear learning process (Sanders

et al., 2005). However, a previous report has suggested

that opioids appear to cause impairment in the learning

process under stressful conditions (Westbrook et al.,

1997).

Naloxone exerted a clear panicolytic effect. The

peripheral non-selective blockade of opioid receptors

significantly attenuated the escape behaviors elicited by

the presence of the rattlesnake and attenuated the

active avoidance displayed by the rats during their re-

exposure to the experimental context, although the fear-

conditioned active avoidance response was mild

compared with the instinctive fear-related escape

response, which is a panic attack-related reaction. Thus,

blocking endogenous opioid peptide receptors with

naloxone depressed both instinctive and conditioned

fear-induced behaviors.

We hypothesize that conditioned fear-related

reactions are more appropriately related to anticipatory

anxiety and that naloxone exerts an additional influence

on these responses through a direct effect on aversion-

inducing memory acquisition mechanisms in a

threatening situation. Additionally, naloxone had an

indirect effect on anticipatory anxiety, as there was a

delay of 24 h between pharmacological treatment and

re-exposure of the pretreated animals to the polygonal

arena without the rattlesnakes. Blocking opioid

receptors also decreased the frequency of the classical

anxiety-related responses exhibited by the rats, such as

those related to risk assessment behaviors evoked by

the presence of the rattlesnakes, which are supportive

of our hypothesis.

Panic- and anxiety-related responses have been

attributed to activation of the periaqueductal gray matter

(Borelli et al., 2005; Biagioni et al., 2016a), posterior

hypothalamic nucleus (Biagioni et al., 2012; Falconi-

Sobrinho et al., 2017) and medial hypothalamus (Freitas

et al., 2009; Biagioni et al., 2013, 2016b; Ullah et al.,

2017; dos Anjos-Garcia et al., 2017). Evidence exists indi-

cating that both the periaqueductal gray matter (Canteras

and Goto, 1999; Comoli et al., 2003) and the dorsal pre-

mammillary hypothalamic nucleus (Canteras et al.,

1997; Blanchard et al., 2005) are activated in animals

exposed to their natural predators in prey-versus-

predator confrontation models. In addition, a previous

study showed that neurons are activated in the ventrolat-

eral aspects of the neostriatum, amygdaloid complex, bed

nucleus of the stria terminalis, and hypothalamus during

predatory attacks (Comoli et al., 2005).

The hypothalamic neural networks organize

motivational responses—such as defensive responses

related to odor and taste—supporting the behavior of
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prey and influencing the control of the neurovegetative

and motor responses that follow predatory and

antipredatory behaviors (Comoli et al., 2005; Blanchard

et al., 2005). A previous study has shown that chemical

lesions of the dorsal premammillary hypothalamic nucleus

induced by ibotenic acid decrease the frequency of the

defensive responses of freezing and escape in rats

exposed to their natural predator and thus increase the

incidence of exploratory behavior in these rats, which

are supportive of the abovementioned hypothesis

(Canteras et al., 1997).

Our observation that instinctive fear-induced

antinociception was attenuated after pretreatment with

high doses of naloxone in the present work corroborates

the findings of previous studies regarding the panicolytic

effects of endogenous opioid peptide receptor blockade.

However, we cannot rule out the involvement of

endogenous opioid peptides as neurotransmitters in the

organization of instinctive fear-induced antinociception.

Previous reports have shown that opioid mechanisms

are commonly recruited in stress- and fear-induced

analgesia (Miczek et al., 1982; Terman et al., 1986;

Thompson et al., 1988). Therefore, the modulatory effects

of naloxone on instinctive fear-induced antinociception

may be related to both its antiaversion-inducing action

and the organization of fear-induced antinociception.

The neurobiology underlying the antiaversion-inducing

effects of opioid antagonists is based on the putative

actions of opioid antagonists on the mesencephalic opioid

disinhibitory inputs that modulate nigrotectal GABAergic

inhibitory outputs (Eichenberger et al., 2002; Ribeiro

et al., 2005; Castellan-Baldan et al., 2006) and thereby

modulate the activity of the dorsal midbrain aversion

system.

Interestingly, the antinociceptive responses elicited by

exposure to the EPM, ETM, or rattlesnakes were

surprisingly short compared with those elicited in a

previous study in which midbrain tectum electrical

stimulation (de Oliveira et al., 2017) or intra-

mesencephalic GABAA receptor blockade (Coimbra

et al., 2006) evoked a more robust and long-lasting

unconditioned fear-induced antinociceptive response fol-

lowing non-oriented/explosive behavior. We should con-

sider the unquestionable relevance of this response in

the prey-versus-predator paradigm and speculate

whether the probability of the survival of prey in contact

with a natural predator would be critically compromised

if an animal organizes a pain-induced recuperative behav-

ior instead of a fear-induced defensive behavior. More-

over, the anterior cingulate cortex, bilateral insular

cortices, brainstem and prefrontal cortex have been impli-

cated in the processing of emotional pain, the anticipation

of pain, and the attentional modulation of visceral and

somatic pain (Tracey et al., 2002; Dunckley et al., 2005,

2007; Wise et al., 2007). Based on these findings, telen-

cephalic structures, such as the anterior cingulum gyrus

cortex, could eventually decrease the magnitude of fear-

induced antinociception by activating nociception

facilitatory descending connexions (Calejesan et al.,

2000; Zhang et al., 2005) during the anticipation of pain

from an imminent attack by a rattlesnake.
In conclusion, the present pharmacological findings

are the first evidence suggestive of the panicolytic-like

effects of an opioid receptor antagonist on

unconditioned fear-like responses in rodents that were

evoked by the presence of a predator. These findings

serve as additional evidence of the effects of

endogenous opioid receptor blockade on unconditioned

(anxiety- and panic-like response) and conditioned

(anticipatory anxiety-like behavior) responses. Previous

studies have demonstrated the existence of a

neuroanatomical pathway underlying the antiaversion-

inducing effects of opioid antagonists in the

mesencephalic tectum (Eichenberger et al., 2002), as well

as in the substantia nigra (Ribeiro et al., 2005). The com-

bination of these morphological findings and the neu-

ropsychopharmacological and neuroethological findings

of the present study has opened new avenues through

which the treatment of panic syndrome and other fear-

related disorders can be undertaken.
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