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a b s t r a c t

The medial prefrontal cortex can influence unconditioned fear-induced defensive mechanisms organised
by diencephalic neurons that are under tonic GABAergic inhibition. The posterior hypothalamus (PH) is
involved with anxiety- and panic attack-like responses. To understand this cortical mediation, our study
characterised anterior cingulate cortex (ACC)-PH pathways and investigated the effect of ACC local
inactivation with lidocaine. We also investigated the involvement of PH ionotropic glutamate receptors in
the defensive behaviours and fear-induced antinociception by microinjecting NBQX (an AMPA/kainate
receptor antagonist) and LY235959 (a NMDA receptor antagonist) into the PH. ACC pretreatment with
lidocaine decreased the proaversive effect and antinociception evoked by GABAA receptor blockade in the
PH, which suggests that there may be descending excitatory pathways from this cortical region to the PH.
Microinjections of both NBQX and LY235959 into the PH also attenuated defensive and antinociceptive
responses. This suggests that the blockade of AMPA/kainate and NMDA receptors reduces the activity of
glutamatergic efferent pathways. Both inputs from the ACC to the PH and glutamatergic hypothalamic
short links disinhibited by intra-hypothalamic GABAA receptors blockade are potentially implicated.
Microinjection of a bidirectional neurotracer in the PH showed a Cg1-PH pathway and PH neuronal
reciprocal connections with the periaqueductal grey matter. Microinjections of an antegrade neurotracer
into the Cg1 showed axonal fibres and glutamatergic vesicle-immunoreactive terminal boutons sur-
rounding both mediorostral-lateroposterior thalamic nucleus and PH neuronal perikarya. These data
suggest a critical role played by ACC-PH glutamatergic pathways and AMPA/kainate and NMDA receptors
in the panic attack-like reactions and antinociception organised by PH neurons.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

There is evidence that the anterior cingulate cortex (ACC)
modulates the descending pain inhibitory system, in which the
periaqueductal grey matter (PAG), the dorsal raphe nucleus, the
locus coeruleus and medulla oblongata rostroventromedial (RVM)
nuclei were originally described as critical structures (Basbaum and
Fields, 1984). The recruitment of other limbic forebrain structures
including the perirhinal cortex and lateral septum that send inputs
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chool of the University of s~ao
reto (SP), 14049-90, Brazil.
bra).
to posterior hypothalamus (PH) is also considered (Abrahamson
and Moore, 2001). However, the degree to which the ACC in-
nervates the hypothalamus seems to be not likely as extensive. This
diencephalic region relays through the PAG and ultimately through
the RVM to mediate its antinociceptive effect in the periphery via
dorsal horn of the spinal cord (DHSC) (Holstege, 1987). Regarding
the innate fear neural pathways, some diencephalic nuclei (anterior
hypothalamus and ventromedial hypothalamic nucleus) involved
with antipredatory behavioural responses (Canteras, 2002) and
dorsal midbrain structures, considered as final outputs of the
aversion defensive encephalic system (Graeff, 1981) seem to be also
connected to PH (Abrahamson and Moore, 2001).

Analysis of the emotional behavioural responses of laboratory
animals in aversive conditions increases our understanding of
anxiety- and unconditioned fear-induced responses (Almada and
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Coimbra, 2015; Almada et al., 2015b; Canteras and Graeff, 2014;
Castellan-Baldan et al., 2006; Ribeiro et al., 2005; Uribe-Mari~no
et al., 2012). When diencephalic areas such as the medial and
posterior hypothalamic nuclei are stimulated in both laboratory
animals (Biagioni et al., 2012, 2013; Canteras and Graeff, 2014;
Ullah et al., 2015) and humans (Wilent et al., 2010), defensive re-
sponses are induced, and these responses are considered analogous
to the behavioural profile of an individual experiencing a panic
attack. Panic syndrome is characterised by recurring and unex-
pected episodes of fear and is accompanied by a set of physiological
changes (American Psychiatric Association, 2013) that are similar to
those displayed by rodents that are exposed to a threatening situ-
ation (Almada and Coimbra, 2015; Uribe-Mari~no et al., 2012), or
that are subjected to chemical hypothalamic stimulation (Biagioni
et al., 2016b; de Freitas et al., 2013, 2014; Shekhar and DiMicco,
1987; Shekhar et al., 1990). The hypothalamus is divided into
several diencephalic nuclei; among these, the PH is known to be
involved in the modulation of the sympathetic division of the
autonomic nervous system (Gellhorn et al., 1956; Sano et al., 1970)
and is recruited during the organisation of defensive responses
(Biagioni et al., 2012; Shekhar et al., 1990). Thus, the PH may be
involved in unconditioned fear-induced defensive behavioural re-
sponses (Biagioni et al., 2012; Shekhar et al., 1990), and these
defensive reactions may be accompanied by autonomic changes,
such as increased blood pressure, tachycardia and tachypnoea
(Shekhar et al., 1990).

Blockade of GABAergic neurotransmission in the dorsomedial
and ventromedial hypothalamic nuclei (Biagioni et al., 2013; dos
Anjos-Garcia et al., 2017; de Freitas et al., 2009, 2013, 2014; Shek-
har, 1993) as well as in the PH (Biagioni et al., 2012) elicits defensive
behavioural responses, suggesting that g-aminobutyric acid (GABA)
mediates tonic inhibitory control of hypothalamic neurons that are
related to the organisation of emotional responses (Milani and
Graeff, 1987; Shekhar, 1993; Shekhar and DiMicco, 1987). These
reactions are also followed by increases in blood pressure, and
heart and respiratory rates in rats (DiMicco et al., 1996; Shekhar and
Keim, 1997; Shekhar et al., 1996). There is also evidence of the
involvement of hypothalamic neurons in the control of pain (de
Freitas et al., 2013, 2014; Kai et al., 1988; Mamedov, 1974; Spiegel
et al., 1954). Studies have shown that the antinociception that fol-
lows the defensive behaviours that are evoked by blockade of hy-
pothalamic GABAA receptors may be elicited by connections
between the hypothalamus and the endogenous pain modulation
system, such as via the recruitment of serotonergic and noradren-
ergic brainstem structures (Biagioni et al., 2013). In fact, evidence
suggests that the descending modulatory pain pathways that are
derived from the hypothalamus and that project to the PAG are also
connected with the raphe nuclei and other medulla oblongata
structures (Coimbra et al., 2006; da Silva et al., 2013a). The anti-
nociceptive effects occur through the interface between these
nuclei and the DHSC (Basbaum and Fields, 1984; da Silva et al.,
2013a). In addition to connections with nuclei of endogenous
pain modulation system, the posterior hypothalamic area connects
with cortical regions as the ACC (Abrahamson and Moore, 2001;
Buchanan et al., 1994; Cavdar et al., 2001), which is also involved
in nociceptive processes (Calejesan et al., 2000; Zhang et al., 2005),
such as stress/fear-induced antinociception (Butler and Finn, 2009).

An extensive network of neural connections that recruits re-
gions of the cerebral cortex that are associatedwith pain processing
has been reported, as has their crucial participation in the repre-
sentation and modulation of pain (Ploner and Schnitzler, 2004;
Talbot et al., 1991). In addition to cortico-hypothalamic connec-
tions (Cavdar et al., 2001), ACC neurons send projections directly or
indirectly (via amygdaloid complex) to PAG, encephalic regions that
also mediate unconditioned fear-induced analgesia (Leite-Panissi
et al., 2004; Coimbra et al., 2006; de Oliveira et al., 2017), and
then project to the rostroventromedial medulla oblongata (RVM)
and finally to the DHSC (Butler and Finn, 2009). Activation of this
pathway elicits antinociception at the level of the DHSC by inhib-
iting the ascending transmission of nociceptive information (Butler
and Finn, 2009; Ohara et al., 2005). Indeed, cortical areas can
reduce pain by interrupting the transmission of nociceptive infor-
mation from the DHSC via activation of the descending modulatory
pain system that is located in the brainstem (Butler and Finn, 2009;
Ohara et al., 2005), but there are few studies that show the mod-
ulation of emotion-related pain control by cortical areas through a
possible hypothalamic relay (de Freitas et al., 2014). Additionally,
Hardy (1985) showed that the medial prefrontal cortex (MPFC)
electrical stimulation caused an increase of nociceptive response
latencies to acute thermal stimulus using hot plate and tail flick
tests. A similar effect was observed by Fuchs et al. (1996), which
showed that electrical stimulation of the cingulum bundle and
surrounding cortical areas reduced formalin-induced pain in rats,
suggesting that the activation of cingulate cortex facilitates the
activity of the endogenous pain inhibitory system. Another study
showed that the lesions to the prefrontal cortex (PFC) abolished
stress-induced antinociception, using footshocks experimental
models in rats (Meagher et al., 1989). Nevertheless, there is evi-
dence that the lesion or temporary blockade of the PFC, including
ACC, increases the motor reactions latency in hot-place test in
laboratory animals (Pastoriza et al., 1996). In addition, Cg1 lesions
also reduce affective pain in humans (Foltz and White, 1962; Hurt
and Ballantine, 1973). In this sense, the reduction in cortical activ-
ity of heterogeneous Cg1 regions could also exert different facili-
tatory or inhibitory influence on antinociception that follows the
diencephalon-elaborated defensive reactions. Although lidocaine
has a non-selective effect, some studies of the effect of a reversible
inactivation of brain structures are performed with central micro-
injections of lidocaine (Lomber, 1999; Resstel et al., 2008). There-
fore, this can be considered a useful pharmacological tool for the
investigation the role played by a possible cortico-hypothalamic
glutamatergic pathways on behavioural and nociceptive re-
sponses. In fact, there are studies based on intracellular recordings
showing that AMPA/kainate and NMDA glutamatergic receptors
mediate excitatory neurotransmission in the ACC (Liauw et al.,
2003; Sah and Nicoll, 1991). Therefore, the role of the ACC in the
modulation of nociception may be critically associated with glu-
tamatergic activity.

Glutamate (GLU), which is the main excitatory neurotransmitter
in the mammalian central nervous system (Catena-Dell'Osso et al.,
2013; Fleck et al., 1993), activates two families of receptors,
metabotropic and ionotropic receptors (Hollmann and Heinemann,
1994; Jingami et al., 2003; Kemp and McKernan, 2002). This latter
family, which is the focus of this study, consists of N-methyl-D-
aspartate (NMDA) and amino-3-hydroxy-5-methyl-isoxazole-4-
proprionate (AMPA)/kainate (non-NMDA) receptors (Hollmann
and Heinemann, 1994; Kemp and McKernan, 2002). In addition,
excitatory aminoacids appears to be involved in unconditioned
fear-induced antinociception because studies have shown that the
NMDA microinjections in the dorsal PAG of mice evoked defensive
reactions, which were followed by antinociception (Miguel and
Nunes-de-Souza, 2006). Similar proaversive effects were blocked
by glutamatergic antagonists administration in PAG of rats (Graeff
et al., 1988). This evidence thus suggests that this powerful excit-
atory neurotransmitter participates in the organisation of defensive
behavioural responses by subcortical limbic structures. Moreover,
immunohistochemical analysis has revealed a large number of
glutamatergic neurons in the PH (Abrahamson and Moore, 2001).
Additionally, pre-clinical data from both human beings and rodents
have shown that drugs that reduce glutamatergic transmission via
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receptor blockade or by reducing GLU release from axon terminals
produce an anxiolytic profile in experimental models of anxiety
(Carobrez, 2003).

Excitatory aminoacids participate in limbic and paralimbic
mediation of defensive behaviours (Graeff et al., 1988; Ullah et al.,
2015) as well as in the nociceptive processes that are mediated
by the ACC, which is a region that is interconnected with dience-
phalic limbic structures such as the hypothalamus that are believed
to be involved in anxiety- and panic attack-related responses.
Therefore, the aim of the present study was to investigate the role
played by AMPA/kainate- and NMDA receptor-mediated control of
defensive behaviour and innate fear-induced antinociception eli-
cited by GABAergic blockade in the PH, highlighting the participa-
tion of glutamatergic efferent pathways from ACC to the PH in the
modulation of anxiety, panic-like responses, and pain.
2. Materials and methods

2.1. Animals

Male Wistar rats (Rattus norvegicus, Rodentia, Muridae) weigh-
ing 240e260 g (n ¼ 6e8 per group) from the animal facility of the
School of Medicine of Ribeir~ao Preto of the University of S~ao Paulo
(FMRP-USP) were studied. They were housed 4 to a cage and were
habituated in the experimental room for at least 48 h prior to the
experiments with free access to water and food. The enclosure was
maintained under a light/dark cycle of 12/12 h (lights on from 7
a.m. to 7 p.m.) and at a constant room temperature of 25 �C ± 1 �C.
All experiments were performed in accordance with the recom-
mendations of the Commission of Ethics in Animal Experimenta-
tion of the FMRP-USP (proc. 192/2009), which is consistent with the
ethical principles in animal research adopted by the National
Council for Animal Experimentation Control (CONCEA), and were
approved by the Commission of Ethics in Animal Research (CETEA)
on 12/15/2008.
2.2. Stereotaxic surgery

Animals were anaesthetised with ketamine at 92 mg/kg (Keta-
mine Agener, Uni~ao Química Farmacêutica Nacional, S~ao Paulo,
Brazil) and xylazine at 9.2 mg/kg (Calmium, Uni~ao Química Farm-
acêutica Nacional, S~ao Paulo, Brazil) and fixed in a stereotaxic frame
(David Kopf, USA). In neuromorphological study, dental needles
(0.3 mmOD), were implanted in neural tissue, aiming at Cg1 region
or PH according to the following coordinates: anteroposterior:
1.80mmand�3.84mm;mediolateral:�0.6mm and�0.5mm; and
dorsoventral: �1.8 mm and �8.0 mm, respectively (Paxinos and
Watson, 2007). After the microinjection of neurotracer the dental
needle was removed and the skin was sutured. In neuropharma-
cological study, stainless steel guide cannulae (outer diameter
0.6 mm, inner diameter 0.4 mm) were implanted in the ACC or
diencephalon, targeting 0.6 or 1 mm above the Cg1 region or PH,
respectively. The coordinates were also based on Paxinos and
Watson's rat brain stereotaxic atlas (2007) and used bregma as the
reference: anteroposterior: 1.80 mm and �3.84 mm; mediolateral:
�0.6 mm and �0.5 mm; and dorsoventral: �1.2 mm and �7.0 mm,
respectively. The guide cannulae were fixed to the skull using
acrylic resin and 2 stainless steel screws. At the end of the surgery,
each guide cannula was sealed with a stainless steel wire to protect
it from obstruction. After both surgical procedures, each rodent was
treated with an intramuscular injection of penicillin G-Benzatine
(120000 UI; 0.1 mL) and a subcutaneous injection of the non-
steroidal analgesic and antiinflammatory banamine (flunixin
meglumine; 2.5 mg/kg; Schering-Plough, S~ao Paulo, SP, Brazil).
2.3. Behavioural tests

Defensive behavioural responses were recorded for 20 min us-
ing a video camera (Sony Handycam) and analysed using freely
available software X-Plo-Rat version 1.1.0 that was developed in the
Exploratory Behaviour Laboratory of Ribeir~ao Preto Philosophy,
Sciences and Literature School of the University of S~ao Paulo. The
behavioural tests took place in a circular arena with transparent
acrylic walls that measured 60 cm� 50 cm in diameter. The floor of
the circular arena is divided into twelve equal sections using a
demarcating black line under a transparent glass surface.

The behavioural analysis included alertness (defensive atten-
tion), which were characterised by the interruption of ongoing
behaviour when the rodents display attentive posture with small
head movements, rearing and scan environment by smelling the
surrounding air. Freezing (defensive immobility) was considered
when the rat showed immobility followed by autonomic reaction,
such as defecation, exophthalmia and/ormicturition (Biagioni et al.,
2013, 2016b; da Silva et al., 2013b).

The number of crossings (characterised as 4 paws within a given
division of the floor of the circular arena) was considered as a
quantitative measure of escape behaviour (dos Anjos-Garcia et al.,
2017). The escape behaviour was expressed as the number and
duration of running events as well as the number of jumps. The
jumps were radiated out from the centre and oriented to the upper
side of the circular arena (de Freitas et al., 2014). According to those
authors and supported by other researchers (Blanchard et al., 2001;
Borelli et al., 2004, 2005; Shekhar, 1994), escape and freezing
behaviour are typically considered panic attack-like responses un-
like alertness, which is considered anxiety-like reactions.

2.4. Nociceptive testing

The nociception thresholds of the experimental animals were
compared using the tail-flick test. Each animal was placed in a
restraining apparatus (Insight, Ribeir~ao Preto, S~ao Paulo, Brazil)
with acrylic walls, and its tail was placed on a heating sensor (tail-
flick Analgesia Instrument; Insight). The amount of heat applied to
the tail was increased until the animal removed its tail from the
apparatus. The coil (Ni/Cr alloy; 26.04 cm in length � 0.02 cm in
diameter) began at room temperature (approximately 20 �C), and
then electric current was applied to increase the temperature of the
coil at a rate of 9 �C/s (da Silva et al., 2015; de Freitas et al., 2013).
Small adjustments in the current intensity were made, if necessary,
at the beginning of the experiment (baseline records) to obtain
three consecutive TFLs between 2.5 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 damage to the skin. Three baseline measurements of
control TFLs were made at 5-min intervals. In the experiment, TFLs
were measured at 10-min intervals for 60 min immediately after
the end of the behavioural tests. All animals that were submitted to
the rotarod test had also their nociceptive thresholds recorded
immediately after the motor test.

2.5. Rotarod test

The rotarod test (Ugo-Basile 7700, Germonio, Varese, Lombar-
dia, Italy) has been used to evaluate the motor coordination and
balance of rats, enabling investigation of any possibly side-effects of
drugs on locomotor function integrity (Jardim and Guimar~aes,
2004) that could also interfere with withdrawal reflexes in tail-
flick test. Independent groups of animals received microinjections
of excitatory aminoacids receptor antagonists into the PH and were
subjected to the rotarod test. The test was conducted at a constant
speed of 8 r.p.m. (Jardim and Guimar~aes, 2004). Before the
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stereotaxic surgery, the animals received three consecutive training
sessions on the rotarod. Five days after the surgery, the latency to
fall from the apparatus was recorded for each animal, with a
maximum latency of 60 s (Scheidt et al., 2002). After the rotarod
test, the nociceptive threshold of each animal was measured via the
tail-flick test.

2.6. Experimental procedure

2.6.1. Neuropharmacological study
2.6.1.1. Inactivation of ACC neurons via local microinjection of lido-
caine. After a postoperative period of five days, the baseline noci-
ceptive threshold of each animal was determined using the tail-
flick test. Thereafter, independent groups of Wistar rats were
randomly assigned to receive a pretreatment microinjection of
vehicle (0.9% NaCl/0.2 mL) or 2% lidocaine into the Cg1 region of the
ACC. Ten minutes later, the GABAA receptor antagonist bicuculline
(40 ng/0.2 mL) was microinjected into the PH. Microinjections were
performed using a dental needle (0.3 mm OD), at a length 0.6 or
1 mm longer than the guide-cannula, aiming at Cg1 region or PH,
respectively. The drugs were injected through polyethylene tube
(PE-10) in volume of 0.2 mL for 15 s using a 5 mL syringe (Hamilton,
Reno, Nevada, USA) connected to an infusion pump (Stoelting, Kiel,
Wisconsin, USA). In order to prevent reflux, the dental needle was
left in place for 30 s after the end of each injection. Microinjection
of drugs were performed in free-moving animals. After the
administration of bicuculline in the PH, the behavioural responses
displayed by the rats in the circular arena were quantitatively
analysed every minute for 20 min. Immediately after the behav-
ioural tests, the nociceptive thresholds were measured at 10-min
intervals for 60 min.

2.6.1.2. Microinjection of AMPA/kainate- and NMDA-selective an-
tagonists into the PH. Independent groups of animals were sub-
jected to stereotaxic surgery to implant a single guide cannula into
the PH according to the stereotaxic coordinates that were listed
above. Five days after surgery to implant a cannula into the PH, the
defensive behaviours were quantitatively analysed in these animals
at 1-min intervals for 20 min; then, nociceptive thresholds were
recorded at 10-min intervals for 60 min. These assessments were
conducted after themicroinjection of bicuculline (40 ng/0.2 mL) into
the PH, which was preceded 10 min by the microinjection of NBQX
(an AMPA/kainate receptor antagonist) at 2, 4 or 8 nmol/0.2 mL or of
LY235959 (an NMDA receptor antagonist) at 0.1 nmol/0.2 mL into
the same structure.

2.6.1.3. Microinjection combined of AMPA/kainate- and NMDA-
selective antagonists into the PH. The animals were submitted to
stereotaxic surgery to implant a single guide cannula into the PH.
Five days after surgery, the rats were pretreated with microinjec-
tion of vehicle or LY235959, which was immediately followed by
microinjection of NBQX. Ten minutes later, the GABAA receptor
antagonist bicuculline (40 ng/0.2 mL) wasmicroinjected into the PH.
After administration of bicuculline in the PH, the behavioural re-
sponses displayed by the rats in the circular arena were quantita-
tively analysed every minute for 20 min. Immediately after the
behavioural tests, the nociceptive thresholds were measured at 10-
min intervals for 60 min.

2.6.2. Neuromorphological study
2.6.2.1. Labelling the ACC-PH-lPAG pathways using a bidirectional
neurotracer. The procedure for microinjections of the anterograde
and retrograde AlexaFluor 488-conjugated dextran (3000 MW;
Molecular Probes, Eugene, OR, USA) fluorescent neurotracer were
similar to that described elsewhere (Castellan-Baldan et al., 2006)
except that the injector needle was inserted and directed to the PH.
The histological sections were analysed by motorised photo-
microscopy (AxioImager Z1 with APOTOME, Zeiss, Oberkochen,
Germany).

The slices from the PH, (bregma, �3.84 mm) were used for the
confirmation of bidirectional dextran microinjection sites, whereas
slices from the ACC, Cg1 region (bregma, 1.56 mm), to analyse
neuronal bodies, and PAG (bregma, �6.48 mm) to verify labelled
fibres and perikarya.

2.6.2.2. Labelling the ACC-PH pathways using an anterograde neu-
rotracer. The non-fluorescent biotinylated dextran amine (BDA)
anterograde neurotracer (10,000 MW; Molecular Probes, USA) was
deposited into the ACC, Cg1 region, at a volume of 0.2 mL over the
course of 5 min. Infusions were delivered using an infusion pump
(Stoelting, Kiel, Wisconsin, USA) through a polyethylene tube
(PE10) attached dental needle, targeting this cortical region. The
drug dose and injection time were based on previous studies
(Almada et al., 2015a). The dental needles were left in place for
2 min after the end of each microinjection to allow local drug
diffusion. Completed microinjection period the dental needle was
removed and the skin sutured. Fifteen days after neurotracer mi-
croinjections, rats were deeply anaesthetised with ketamine at
92 mg/kg (Ketamina®) and xylazine at 9.2 mg/kg (Dopaser®) and
perfused intracardially with physiological saline followed by 4%
paraformaldehyde (PFA, Sigma) dissolved in 0.1M phosphate buffer
(pH 7.4). The brainwas removed, post-fixed in PFA for 4 h, and then
transferred to 30% sucrose for 2 days. The brainwas immersed in 2-
methylbutane (Sigma), frozen on dry ice, embedded in Tissue Tek
O.C.T., and sectioned (20 mm thickness) using a cryostat (CM 1950,
Leica) at �20 �C.

For immunohistochemistry, the slides were removed from the
freezer and fixed in a staining dish with a glass cover. The staining
dish was kept in a box “filled” with vacuum for 24 h at room
temperature to improve the fixation of the slices on the slides. After
24 h, the slides were then washed twice with distilled water and
treated with an antigen retrieval solution (10 mM sodium citrate in
distilledwater) and then incubated in a 60 �Cwater bath for 30min.
The slides were then removed from the water bath and washed
three times at room temperature with 0.1 M PBS (5 min each). After
that, the slides were incubated with 3% H2O2, diluted in 0.1 M PBS,
for 40 min in order to block the endogenous peroxidase activity.
After 4 washes in 0.1 M PBS (5 min each), the slices were then
incubated with avidin-biotin-peroxidase complex (solutions A and
B of the Vectastain Elite ABC kit, Vector Laboratories, California,
USA) diluted at 1 drop/10 ml of 0.1 M PBS for 1 h. To reveal BDA, the
slices were placed in 1% DAB (1.5 ml of stock solution) mixed in
0.1 M PBS þ 1.5 ml of 1% nickel stock solution þ 15 mL of 30% H2O2
for 3e5 min and then washed 4 times in 0.1 M PBS.

The following schedule summarises the immunohistochemical
procedure for detecting the vesicular glutamate transporter in the
PH that received inputs from ACC-Hypothalamic pathways: The
slides were incubated with 1% H2O2 for 10 min, washed four times
(5 min each) with phosphate buffer (0.1 M; pH 7.4; PBS), pre-
incubated with normal goat serum, diluted 1: 50 for 2 h, and
rinsed with PBS containing 0.3% triton X-100 and 0.1% bovine
serum albumin, BSA, for 30 min. After that, the slices were incu-
bated in PBS with 1:200 rabbit biotinylated monoclonal anti-
vesicular glutamate transporter 2 (VGLUT2) antibody (Sigma-
Aldrich, USA, VGLUT2 antibody) (procedure omitted in control
situations), after titration assay. The histological material was
rinsed in PBS for 30 min. It was then incubated with 1:500 affinity-
purified biotinylated goat anti-rabbit immunoglobulin (Vector
Laboratories) for 3 h, in humid chamber. The slides were subse-
quently rinsed as described above. The brain tissue was incubated
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with biotinylated horseradish peroxidase-conjugated avidin (ABC
kit; Vector) for 2 h, at 4 �C, in humid chamber. The histological
material was rinsed again as previously described. It was applied
3,3’-diaminobenzidine tetrahydrochloride (DAB, 0.02%) (Vector
Substrate for peroxidase), to which hydrogen peroxide (0.04%) was
added just prior to use and was washed twice with 0.1 M PBS. The
slides were rinsed with distilled water for 30 min. The histological
sections were dehydrate with toluene, cleared with xylene and
mounting the sections with permount.

The slices from the ACC, Cg1 region, (bregma, 1.44 mm) were
used for the confirmation of anterograde BDA microinjection sites
whereas slices from the mediorostral part of lateralposterior
(lpMR) thalamic nucleus and PH (bregma,�3.84mm)were used for
illustrating the glutamatergic synaptic vesicles expression.

2.7. Drugs

Neuropharmacological study: (a) 2% lidocaine (Sigma) (0.2 mL)
(Rossaneis et al., 2011) was microinjected into the Cg1 region of the
ACC, and then bicuculline methiodide (Tocris; Bristol, United
Kingdom) at 40 ng/0.2 mL was microinjected into the PH (Biagioni
et al., 2012); (b) bicuculline methiodide was microinjected into
the PH following themicroinjection of 2, 4 and 8 nmol/0.2 mL NBQX,
(Tocris) dissolved in 10% dimethyl sulfoxide
(DMSO) þ physiological saline (0.9% NaCl) or of 0.1, 1, 2, 4 and 8
nmol/0.2 mL LY235959, (Tocris) dissolved in physiological saline (de
Freitas et al., 2014); (c) bicuculline methiodide was microinjected
into the PH following the combined microinjection of 0.1 nmol/
0.2 mL LY235959, (Tocris) dissolved in physiological saline and of 2
nmol/0.2 mL NBQX, (Tocris) dissolved in 10% dimethyl sulfoxide
(DMSO) þ physiological saline (0.9% NaCl) (de Freitas et al., 2014).
The control groups were microinjected with the respective
vehicles.

Neuromorphological study: (a) the bidirectional fluorescent
neurotracer (10% AlexaFluor 488-conjugated dextran, 3.000 MW;
Molecular Probes, Eugene, Oregon, USA), at 0.2 mL, dissolved in
0.01 M phosphate-buffered saline (PBS), pH 7.4; (b) the non-
fluorescent biotinylated dextran amine (0.2 mL 10% BDA,
10.000 MW; Molecular Probes, Eugene, Oregon, USA) anterograde
neurotracer was microinjected into the Cg1, dissolved in 0.01 M
phosphate-buffered saline (PBS), pH 7.4 (Almada et al., 2015a).

2.8. Histology

At the conclusion of each experiment, the animals were
anaesthetised with ketamine at 92 mg/kg (Ketamina®) and xyla-
zine at 9.2 mg/kg (Dopaser®) and perfused through the left cardiac
ventricle using an infusion pump (Master Flex® L/S TM; Sydney,
Australia). The thoracic descending aorta was clamped, the peri-
cardial heart wrap was released to allow perfusion through left
ventricle, and blood was washed out with Tyrode buffer (40 mL at
4 �C). The animal was then perfused with 200 mL ice-cold 4% (w/v)
paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.3) for
15 min at a pressure of 50 mmHg. The brain was quickly removed
and maintained in 4% paraformaldehyde for at least 4 h and was
then immersed in a 10% sucrose solution for 48 h. Tissue pieces
were immersed in 2-methylbutane (Sigma), frozen on dry ice
(30 min), embedded in Tissue Tek (Sakura Finetek, Tokyo, Japan),
and cut on a cryostat (Leica CM 1950, Wetzlar, Germany). The
sections were then mounted on glass slides that were coated with
chrome alum gelatin to prevent detachment and stained in a ro-
botic autostainer (CV 5030 Leica Autostainer) with haematox-
ylineeosin. The sections were viewed under a motorised
photomicroscope (AxioImager Z1, Carl Zeiss Strabe, Oberkochen,
Germany), and the positions of the tips of the guide cannulae were
localised according to the Paxinos and Watson's stereotaxic atlas
(2007). Data from rats with the injector tips that were located
outside the Cg1 region of the ACC and/or the PH were not included
in the statistical analysis.

2.9. Statistical analysis

One-way analysis of variance (ANOVA) followed by Newman-
Keuls post hoc tests was used to analyse the neuropharmacolog-
ical studies data, and two-way repeated measures ANOVA followed
by Duncan's post hoc tests was used to analyse the nociceptive
thresholds. All data are reported as the mean ± standard error of
the mean (S.E.M.) for n ¼ 6e8 rats. P < 0.05 was considered sta-
tistically significant.

3. Results

3.1. Neuropharmacological study

3.1.1. Effects of ACC pretreatment with lidocaine on defensive
behaviour and unconditioned fear-induced antinociception
3.1.1.1. Defensive behaviour. Microinjection of the GABAA receptor
antagonist bicuculline into the PH evoked defensive behaviours
related to anxiety and fear, such as defensive attention, which was
measured as alertness, and panic attack-like escape reactions,
which was measured as running and vertical jumps (Fig. 1). There
was no freezing behaviour. According to one-way ANOVA followed
by Newman-Keuls post hoc tests, the frequency (F3.27 ¼ 7.0;
P < 0.01) and duration (F3.27 ¼ 18.23; P < 0.001) of alertness events
in the group that received vehicle injection into the ACC followed
by microinjection of bicuculline into the PH were significantly
increased compared to those in the ACC vehicleþ intra-PH vehicle-
treated group (Fig. 1A, B). A similar effect was observed in the panic
attack-like defensive reactions, in that an increased frequency
(F3.27 ¼ 12.57; P < 0.001) and duration (F3.27 ¼ 13.02; P < 0.001) of
running events and an increased frequency (F3.27 ¼ 25.66;
P < 0.001) of jumps (Fig. 1CeE) were observed in ACC vehicle þ PH
bicuculline-treated group. There was also an increase in the fre-
quency (F3.27¼ 51.07; P < 0.001) of crossings when compared to the
(ACC vehicle þ PH vehicle-treated group), as shown in Fig. 1F.

Microinjection of lidocaine into the ACC reduced the frequency
(Newman-Keuls post hoc test; P < 0.05) and duration (P < 0.001) of
alertness events and abolished the running and jumping defensive
behaviours that were evoked by GABAA receptor blockade in the
PH. There was also a significant difference between the ACC
lidocaine þ PH bicuculline-treated group and the ACC vehicle þ PH
bicuculline-treated group. The frequency (P < 0.001) and duration
(P < 0.001) of running events were significantly reduced, as was the
frequency (P < 0.001) of jumping (Fig. 1AeE). In addition, the fre-
quency of crossings in the group that received ACC pretreatment
with lidocaine was decreased compared with that in the ACC
vehicle þ PH bicuculline-treated group (P < 0.001) (Fig. 1F).

3.1.1.2. Unconditioned fear-induced antinociception. The defensive
behaviours that were elicited by GABAA receptor blockade in the PH
were followed by significant unconditioned fear-induced anti-
nociception. According to repeated-measures ANOVA, there were
significant effects of treatment (F3.24 ¼ 35.17; P < 0.001) and time
(F7.168 ¼ 21.61; P < 0.001) as well as a significant treatment versus
time interaction (F21.168 ¼ 9.21; P < 0.001). Antinociception was
increased by GABAA receptor blockade in the PH comparedwith the
effects of ACC vehicleþ PH vehicle treatment at 0,10, 20 and 30min
after the defensive behaviours (F3.24 ranging from 6.39 to 39.05;
P < 0.05). Pretreatment of the ACC with lidocaine decreased un-
conditioned fear-induced antinociception at the same times



Fig. 1. Effect of the central administration of 2% lidocaine (0.2 mL) or vehicle (Veh) into the Cg1 region of the anterior cingulate cortex (ACC) on the defensive behaviour evoked by
microinjection of bicuculline (40 ng/0.2 mL) into the PH, expressed as the frequency and duration of alertness (A and B), the frequency and duration of running (C and D), the
frequency of jumps (E), and the frequency of crossings (F). The columns represent the means, and the bars represent the standard error of the means, n ¼ 6, 8, 6, and 8 from left to
right. **P < 0.01 and ***P < 0.001 compared with the Veh (Cg1) þ Veh (PH)-treated group; and þ P < 0.05 and þþþ P < 0.001 compared with the Veh (Cg1) þ Bic (PH)-treated group
according to Newman-Keuls post hoc tests. G: Effect of central administration of 2% lidocaine (0.2 mL) or vehicle into the Cg1 region of the ACC before the microinjection of
bicuculline (40 ng/0.2 mL) into the PH on nociceptive thresholds, n ¼ 6e8. *P < 0.05 compared with the Veh (Cg1) þ Veh (PH)-treated group; and þ P < 0.05 compared with the Veh
(Cg1) þ Bic (PH)-treated group according to Duncan's post hoc tests.
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(P < 0.05), and its effects on antinociception differed from those of
ACC vehicle þ PH vehicle treatment at 0 and 10 min (F3.24 ranging
from 25.12 to 39.05; P < 0.05). There were no significant differences
between the ACC lidocaine þ PH vehicle- and ACC vehicle þ PH
vehicle-treated control groups (Duncan's post hoc test; P > 0.05), as
shown in Fig. 1G.
3.1.2. Effects of microinjection of LY235959 (a NMDA receptor
antagonist) and NBQX (an AMPA/kainate receptor antagonist) in the
PH on motor function integrity

According to the one-way ANOVA, there were no significant
differences in motor function between the groups that received PH
microinjection with the selective AMPA/kainate receptor antago-
nist NBQX at 2, 4 and 8 nmol, and the control group (F5.23 ¼ 0.2892;
P > 0.05), as shown in Fig. 2A. According to repeated-measures
ANOVA, there was neither a significant effect of treatment
(F3.20 ¼ 0.90; P > 0.05) or time (F7.140 ¼ 1.19; P > 0.05), nor a sig-
nificant treatment versus time interaction (F21.140 ¼ 0.61; P > 0.05)
on tail withdrawal reflexes, as shown in Fig. 2B.

When the effects of PH microinjection of the selective NMDA
receptor antagonist LY235959 on motor function were evaluated,
according to one-way ANOVA, there were significant effects of
treatment (F5.35¼ 263.287; P< 0.001) on the latency to fall from the
revolving rod. The blockade of NMDA receptors in the PH with
LY235959 at 1, 2, 4 and 8 nmol/0.2 mL reduced the latency (New-
man-Keuls post hoc test; P < 0.001) to fall from the revolving rod
Fig. 2. A: Lack of effects of the microinjection of NBQX (2, 4 and 8 nmol/0.2 mL) or vehicl
revolving rod during the rotarod test. The columns represent the means, and the bars repres
Lack of effects of the microinjection of NBQX (2, 4 and 8 nmol/0.2 mL) or vehicle into the PH
the mean ± standard error of the mean; n ¼ 6; P > 0.05 compared to the control group. C: Ef
PH on the latency to fall from the revolving rod during the rotarod test. The columns represe
compared to the Veh-treated group; þ P < 0.001 compared to the 0.1 nmol LY235959-trea
injection of LY235959 (0.1, 1, 2, 4 and 8 nmol/0.2 mL) or vehicle into the PH on nocice
mean ± standard error of the mean; n ¼ 6; P > 0.05 compared to the control group.
compared to PH vehicle treatment and to 0.1 nmol LY235959 PH
treatment. There were no significant differences between the PH
0.1 nmol LY235959-treated and PH vehicle-treated groups
(P > 0.05), as shown in Fig. 2C. According to repeated-measures
ANOVA, there was neither a significant effect of treatment
(F5.30 ¼ 0.66; P > 0.05) or time (F7.210 ¼ 2.46; P > 0.05), nor a sig-
nificant treatment versus time interaction (F35.20 ¼ 0.86; P > 0.05)
on tail withdrawal reflexes, as shown in Fig. 2D.

3.1.3. Effects of PH pretreatment with the AMPA/kainate receptor
antagonist NBQX on defensive behaviour and unconditioned fear-
induced antinociception

3.1.3.1. Defensive behaviour. The blockade of GABA receptors in the
PH via microinjection of the selective GABAA receptor antagonist
bicuculline elicited alertness and escape behaviours (Fig. 3AeF).
There was no freezing behaviour. According to one-way ANOVA
followed by NewmaneKeuls post hoc tests, microinjection of
bicuculline into the PH significantly increased the frequency
(F5.36 ¼ 6.486; P < 0.01) and duration (F5.36 ¼ 5.514; P < 0.01) of
alertness events compared to vehicle þ vehicle treatment (Fig. 3A,
B). Regarding panic attack-like defensive reactions, there was an
increase in the frequency (F5.36 ¼ 7.012; P < 0.001) and duration
(F5.36 ¼ 5.509; P < 0.001) of running as well in the frequency
(F5.36 ¼ 18.98; P < 0.001) of jumps in the PH bicuculline-treated
group compared with the vehicle þ vehicle-treated group
(Fig. 3CeE). A significant increase in the frequency (F5.36 ¼ 5.896;
e (Veh) into the PH on motor behaviour, as expressed by the latency to fall from the
ent the standard errors of the means; n ¼ 6; P > 0.05 compared to the control group. B:
on nociceptive thresholds, as measured by the tail-flick test. The data are expressed as
fect of the microinjection of LY235959 (0.1, 1, 2, 4 and 8 nmol/0.2 mL) or vehicle into the
nt the means, and the bars represent the standard error of the means; n ¼ 6. *P < 0.001
ted group according to Newman-Keuls post hoc tests. D: Lack of effects of the micro-
ptive thresholds, as measured by the tail-flick test. The data are expressed as the



Fig. 3. Effect of the microinjection of NBQX (2, 4 and 8 nmol/0.2 mL) or vehicle (Veh) into the PH on the defensive behaviour evoked by the microinjection of bicuculline (40 ng/
0.2 mL) into the same structure, expressed as the frequency and duration of alertness (A and B), the frequency and duration of running (C and D), the frequency of jumps (E), and the
frequency of crossings (F). The columns represent the means, and the bars represent the standard errors of the mean; n ¼ 7, 6, 6, 6, 6 and 6 from left to right. *P < 0.05, **P < 0.01,
and ***P < 0.001 compared to the Veh þ Veh (PH)-treated group; þ P < 0.05, þþ P < 0.01, and þþþ P < 0.001 compared to the Veh þ Bic (PH)-treated group according to Newman-
Keuls post hoc tests. G: Effect of the microinjection of NBQX (2, 4 and 8 nmol/0.2 mL) or vehicle into the PH on nociceptive thresholds; n ¼ 6e7. *P < 0.05 compared to the Veh þ Veh
(PH)-treated group; and þ P < 0.05 compared to the Veh þ Bic (PH)-treated group according to Duncan's post hoc tests.
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P < 0.01) of crossings was also observed (Fig. 3F). Intra-
hypothalamic blockade of AMPA/kainate receptors via the admin-
istration of NBQX into the PH significantly reduced the frequency
(Newman-Keuls post hoc test; P < 0.05) of alertness events
only when the lower dose (2 nmol) was applied. In contrast, the
duration (P < 0.01) of alertness was attenuated following the
administration of all three of the doses of NBQX (2, 4 and 8 nmol)
used in the present work compared to that following intra-PH
vehicle þ bicuculline treatment (Fig. 3A). The blockade of PH
AMPA/kainate receptors via local microinjection of the low and
intermediate doses (2 and 4 nmol) of NBQX abolished the pro-
aversive effect of intra-hypothalamic bicuculline treatment.
Compared with PH vehicle þ bicuculline treatment, the low and
intermediate doses of NBQX significantly reduced the frequency
(P < 0.001) and duration (P < 0.01) of panic attack-like defensive
reactions, as measured by running, whereas the highest dose
(8 nmol) of NBQX attenuated only the frequency (P < 0.01) and
duration (P < 0.01) of running (Fig. 3CeD). Microinjection of all
doses of NBQX (2, 4 and 8 nmol) also significantly decreased the
frequency (P < 0.001) of jumping behaviour compared with that in
control animals (treated with vehicle þ bicuculline in PH), as
shown in Fig. 3E. Furthermore, intra-hypothalamic microinjection
of the low and intermediate doses (2 and 4 nmol) of NBQX signif-
icantly decreased the frequency (P < 0.05) of crossings (Fig. 3F).

3.1.3.2. Unconditioned fear-induced antinociception. The induction
of PH-mediated defensive reactions was followed by significant
unconditioned fear-induced antinociception compared to the
nociceptive responses in the control group. According to repeated-
measures ANOVA, there were significant effects of treatment
(F5.31 ¼ 33.66; P < 0.001) and of time (F7.217 ¼ 102.73; P < 0.001) as
well as a significant interaction between treatment and time
(F35.217 ¼ 10.12; P < 0.001). The blockade of GABAA receptors in the
PH significantly increased fear-induced antinociception compared
to PH vehicle þ vehicle treatment when nociceptive responses
were assessed at 0, 10 and 20 min post-escape behaviour (F5.31
ranging from 6.21 to 32.95; P < 0.05). Compared to PH
vehicle þ bicuculline treatment, the blockade of AMPA/kainate
receptors in the PH via the administration of all doses of NBQX
reduced instinctive fear-induced antinociception when it was
assessed immediately after the elicitation of defensive behaviours
as well as 10 and 20 min after the escape reactions (Duncan's post
hoc test; P < 0.05), as shown in Fig. 3G.

3.1.4. Effects of the PH pretreatment with the NMDA receptor
antagonist LY235959 on defensive behaviour and unconditioned
fear-induced antinociception
3.1.4.1. Defensive behaviour. The blockade of GABAergic receptors
in the PH via the administration of bicuculline evoked alertness and
escape reactions (Fig. 4AeF). Freezing behaviour was not displayed
by stimulated rats. According to one-way ANOVA followed by
Newman-Keuls post hoc tests, intra-diencephalic microinjection of
bicuculline significantly increased the frequency (F3.24 ¼ 9.092;
P < 0.01) and duration (F3.24 ¼ 7.063; P < 0.01) of alertness
compared to PH vehicle þ vehicle treatment (Fig. 4A, B). Compared
with PH vehicle þ vehicle treatment, microinjection of bicuculline
into the PH significantly increased the frequency (F3.24 ¼ 7.332;
P < 0.01) and duration (F3.24 ¼ 4.699; P < 0.05) of running, the
frequency (F3.24 ¼ 15.30; P < 0.001) of jumps, and the frequency
(F3.24¼ 5.264; P < 0.05) of crossings (Fig. 4CeF). In comparisonwith
PH vehicle þ bicuculline treatment, the blockade of NMDA re-
ceptors in the PH via local administration of LY235959 significantly
reduced the frequency (Newman-Keuls post hoc test; P < 0.05), but
not the duration (P > 0.05), of running and reduced the frequency
(P < 0.001) of jumps (Fig. 4CeE). Interestingly, there were no
significant differences in the frequency (P > 0.05) or duration
(P > 0.05) of alertness or in the frequency (P > 0.05) of crossings
between the PH 0.1 nmol LY235959 þ bicuculline- and PH
vehicle þ bicuculline-treated groups (Fig. 4A, B, F).

3.1.4.2. Unconditioned fear-induced antinociception. The defensive
behaviour that was evoked by the GABAA receptor blockade in the
PH was followed by innate fear-induced antinociception. According
to repeated-measures ANOVA followed by Duncan's post hoc tests,
there were significant effects of treatment (F3.21 ¼75.11; P < 0.001)
and of time (F7.147 ¼ 52.95; P < 0.001) as well as a significant
interaction between treatment and time (F21.147 ¼ 17.45; P < 0.001).
The GABAA receptors blockade with bicuculline microinjections in
PH significantly increased antinociception compared with PH-
vehicle þ vehicle treatment at 0, 10, 20 and 30 min after the
defensive behaviours (F3.21 ranging from 9.83 to 41.54; P < 0.05).
Compared to PH-vehicle þ bicuculline treatment, the blockade of
NMDA receptors in the PH via microinjection of 0.1 nmol LY235959
decreased the unconditioned fear-induced antinociception that
was recorded immediately after the defensive reactions
(F3.21¼37.35; P < 0.001). The effects of PH NMDA receptor blockade
on defensive reactions also significantly differed from those of PH
vehicle þ vehicle treatment at 0, 10, 20 and 30 min (F3.21 ranging
from 9.83 to 41.54; P < 0.05), as shown in Fig. 4G.

3.1.5. Effects of combined microinjections of LY235959 (a NMDA
receptor antagonist) and NBQX (an AMPA/kainate receptor
antagonist) on defensive behaviour and unconditioned fear-induced
antinociception
3.1.5.1. Defensive behaviour. The blockade of GABAergic receptors
in the PH via microinjection of bicuculline elicited alertness and
escape reactions (Fig. 5AeF). There was no freezing behaviour.
According to the one-way ANOVA followed by Newman-
Keuls post hoc tests, microinjection of bicuculline into the PH
significantly increased the frequency (F3.25 ¼ 10.38; P < 0.01)
and duration (F3.24 ¼ 8.555; P < 0.01) of alertness compared to
PH vehicle þ vehicle treatment (Fig. 5A, B). Regarding the panic
attack-like defensive reactions, there was an increase in the fre-
quency (F3.25 ¼ 16.21; P < 0.001) and duration (F3.25 ¼ 15.35;
P < 0.001) of running as well in the frequency (F3.25 ¼ 18.20;
P < 0.001) of jumps in the PH bicuculline-treated group compared
with the vehicle þ vehicle-treated group (Fig. 5CeE). In addition,
the frequency (F3.25 ¼ 8.504; P < 0.01) of crossings in the group
that received PH-bicuculline was increased compared with
vehicle þ vehicle group (Fig. 5F).

There were significant differences in the frequency (P < 0.05) or
duration (P < 0.05) of alertness, between the PH LY235959/
NBQX þ bicuculline- and PH vehicle þ bicuculline-treated groups
(Fig. 5A, B). Moreover, in comparison to PH vehicle þ bicuculline
treatment, the blockade of NMDA- and AMPA/kainate receptors in
the PH via local administration of LY235959 þ NBQX significantly
reduced the frequency (Newman-Keuls post hoc test; P < 0.001)
and duration (P < 0.05) of running, and reduced the frequency
(P < 0.001) of jumps (Fig. 5CeE) and the frequency (P < 0.01) of
crossings (Fig. 5F).

3.1.5.2. Unconditioned fear-induced antinociception. The defensive
behaviour that was evoked by the GABAA receptor blockade in the
PHwas followed by significant innate fear-induced antinociception.
According to repeated-measures ANOVA, there were significant
effects of treatment (F3.22 ¼ 71.74; P < 0.001) and of time
(F7.154 ¼ 27.48; P < 0.001) as well as a significant interaction be-
tween treatment and time (F21.154 ¼ 16.89; P < 0.001). The blockade
GABAA receptors with bicuculline microinjections in PH increased
antinociception compared with PH-vehicle þ vehicle treatment at



Fig. 4. Effect of the microinjection of LY235959 (0.1 nmol/0.2 mL) or vehicle into the PH on the defensive behaviour evoked by the microinjection of bicuculline (at 40 ng/0.2 mL) into
the same structure, as expressed by the frequency and duration of alertness (A and B), the frequency and duration of running (C and D), the frequency of jumps (E), and the
frequency of crossings (F). The columns represent the mean, and the bars represent the standard error of the mean; n ¼ 6, 6, 7 and 6 from left to right. *P < 0.05, **P < 0.01, and
***P < 0.001 compared with the Veh þ Veh (PH)-treated group; and þ P < 0.05 and þþþ P < 0.001 compared with the Veh þ Bic (PH)-treated group according to Newman-Keuls post
hoc tests. G: Effect of the microinjection of LY235959 (0.1 nmol/0.2 mL) or vehicle into the PH on nociceptive thresholds; n ¼ 6e7. *P < 0.05 compared to the Veh þ Veh (PH)-treated
group; and þ P < 0.05 compared to the Veh þ Bic (PH)-treated group according to Duncan's post hoc tests.



Fig. 5. Effect of the combined microinjection of LY235959 (0.1 nmol/0.2 mL) þ NBQX (2 nmol/0.2 mL) or vehicle (Veh) into the PH on the defensive behaviour evoked by the
microinjection of bicuculline (40 ng/0.2 mL) into the same structure, expressed as the frequency and duration of alertness (A and B), the frequency and duration of running (C and D),
the frequency of jumps (E), and the frequency of crossings (F). The columns represent the means, and the bars represent the standard errors of the mean; n ¼ 6, 6, 7 and 7 from left
to right. **P < 0.01, and ***P < 0.001 compared to the Veh þ Veh (PH)-treated group; þ P < 0.05, þþ P < 0.01, and þþþ P < 0.001 compared to the Veh þ Bic (PH)-treated group
according to Newman-Keuls post hoc tests. G: Effect of the combined microinjection of LY235959 (0.1 nmol/0.2 mL) þ NBQX (2 nmol/0.2 mL) or vehicle into the PH on nociceptive
thresholds; n ¼ 6e7. *P < 0.05 compared to the Veh þ Veh (PH)-treated group; and þ P < 0.05 compared to the Veh þ Bic (PH)-treated group according to Duncan's post hoc tests.
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0, 10, 20 and 30 min after the defensive behaviours (F3.22 ranging
from 34.21 to 64.46; P < 0.05). Compared to PH-
vehicleþ bicuculline treatment, the blockade of NMDA- and AMPA/
kainate receptors in the PH via combined microinjection of
LY235959 and NBQX, decreased the unconditioned fear-induced
antinociception at the same times (Duncan's post hoc test;
P < 0.05), and its effects on antinociceptive response differed from
those of PH-vehicle þ vehicle treatment at time 0 (F3.22 ¼ 69.46;
P < 0.05), as shown in Fig. 5G.

Histologically confirmed sites of lidocaine or vehicle microin-
jection into the Cg1 region of the ACC and of bicuculline or vehicle
administration into the PH are shown in schematic drawings of
coronal sections of the R. norvegicus brain in Fig. 6A. Histologically
confirmed microinjection sites for the investigation of the unex-
pected side effects of intra-diencephalic treatment with selective
glutamatergic receptor antagonists (NBQX and LY235959
compared with vehicle) on motor behaviour depicted on modified
schematic drawings of coronal sections of the R. norvegicus brain in
are shown Fig. 6B. Histologically confirmed intra-diencephalic
microinjection sites for the study of the effect of PH treatment
Fig. 6. A: Diagrammatic representation of coronal sections of the R. norvegicus brain illustrat
region of the anterior cingulate cortex (ACC) and of bicuculline or vehicle microinjection int
illustrating the histologically confirmed sites of NBQX or vehicle microinjection and of LY23
effects of glutamate receptor antagonists on motor behaviour performance. C: Diagramma
logically confirmed sites of NBQX, LY235959, or vehicle microinjection and combined micro
their effects on defensive behaviour and fear-induced antinociception. The microinjection s
(2007).
with NBQX, LY235959, or vehicle and LY235959 þ NBQX or vehicle
on defensive behaviour and unconditioned fear-induced anti-
nociception are shown in Fig. 6C.

3.2. Neuromorphological study

3.2.1. Neurotracing of pathways connecting the ACC to the PH and
of reciprocal connections between PH and PAG

Microinjections of the bidirectional neurotracer 3000 MW
dextran conjugated with AlexaFluor 488 into the PH (Fig. 7A, B),
in order to study the neuroanatomical connections between
this diencephalic structure with ACC and the PAG, a mesencephalic
region known to be integrated with both limbic and the endoge-
nous pain modulatory systems, showed neuronal bodies in the
ACC, Cg1 region (Fig. 7CeE), and both positive perikarya (Fig. 7F)
and neuronal fibres (Fig. 7FeH) in dorsal midbrain. Cortical
labelled-neurons were located in the rostral portion of the
anterior cingulate cortex, Cg1 region, ipsilateral to the site in
which the neurotracer was microinjected, suggesting cortico-
hypothalamic projections, connecting ACC with PH neurons.
ing the histologically confirmed sites of lidocaine or vehicle microinjection into the Cg1
o the PH. B: Diagrammatic representation of coronal sections of the R. norvegicus brain
5959 or vehicle microinjection into the PH for the neuropharmacological study of the
tic representation of coronal sections of the R. norvegicus brain illustrating the histo-
injection of LY235959 þ NBQX, or vehicle microinjection into the PH for the studies of
ites are depicted on illustrations modified from Paxinos and Watson's stereotaxic atlas



Fig. 7. A: Photomicrocraph of a transverse section of the diencephalon of a Wistar rat pretreated with a microinjection of the AlexaFluor 488-conjugated dextran fluorescent
neurotracer (3000 MW) in posterior hypothalamus (PH). B: Diagramatic representation of a tranverse section of the diencephalon, showing the histologically confirmed micro-
injection site (black circle) of the bidirection neurotracer in PH depicted in a modified drawing from the Paxinos and Watson's stereotaxic atlas (2007). CeE: Transverse section of
the anterior cingulate cortex, showing AlexaFluor 488-conjugated dextran-labelled perikarya (white arrows) and fibres (white arrow heads) situated in Cg1 region, connected to PH
neurons. FeH: Transverse section of the midbrain, showing an AlexaFluor 488-conjugated dextran-labelled perikaryon (white arrow), axonal fibres (closed white arrow heads), and
terminal buttons (open white arrow) in the dorsolateral column of the periaqueductal grey matter (F), and neurotracer-labelled fibres (closed white arrow heads) and varicosities
(open white arrows) situated in lateral columns of the periaqueductal grey matter (G and H).

L.L. Falconi-Sobrinho et al. / Neuropharmacology 113 (2017) 367e385 379



Fig. 8. AeB: Photomicrocraphs of a transverse section of the anterior cingulate cortex
of a Wistar rat pretreated with a microinjection (white arrow) of the Ni-enhanced
biotinylated dextran amine (BDA) anterograde neurotracer (10,000 MW) in the Cg1
region. C: Glutamate-labelled neurons (black closed arrows) situated in Cg1 region of
the anterior cingulate cortex in which the anterograde neurotracer was deposited. D:
Transverse section of the anterior cingulate cortex, showing BDA-labelled perikarya
(white arrows) and fibres situated in Cg1 region, connected to posterior hypothalamus

L.L. Falconi-Sobrinho et al. / Neuropharmacology 113 (2017) 367e385380
Reciprocal connections between PH and PAG were also demon-
strated by findings showing biodextran labelled-neuronal peri-
karya in dlPAG (Fig. 7F) and neuronal fibres in lPAG (Fig. 7GeH).
Biodextran-labelled terminal buttons were profusely found in both
dlPAG and lPAG (Fig. 4FeH).

3.2.2. Neurotracing of glutamatergic efferent pathways from the
ACC to the PH

Microinjections of the anterograde BDA neurotracer in the ACC,
aiming at the Cg1 neuroanatomical region (Fig. 8A, B), showed
connections between this cerebral cortical region with dorsal
thalamus and PH neurons (Fig. 8). The neurotracer was deposited in
a Cg1 neural substrate rich in glutamaterginc cell bodies (Fig. 8C, D).
Cortical direct connections were demonstrated reaching gluta-
matergic synaptic vesicle-labelled axonal fibres and terminal but-
tons surrounding neuronal perikarya in the mediorostral part of
latero-posterior (lpMR) thalamic nucleus, as shown in Fig. 8E. The
cortico-diencephalic glutamatergic pathways were also found in
PH, with profuse terminal buttons surrounding neuronal perikarya,
as shown in Fig. 8FeH.

A summary of the morphological and neuropharmacological
findings obtained in the present work was provided in Fig. 9.

4. Discussion

When it was preceded by microinjection of vehicle into the Cg1
region of the ACC or of vehicle into the PH, GABAergic blockade in
the PH via microinjection of bicuculline, a selective GABAA receptor
antagonist, evoked defensive responses. These responses were
measured as alertness, which is related to anxiety-like behaviour;
running and jumping, which correspond to panic attack-like
defensive reactions; and increased crossings, which reflect an in-
crease in the intensity of escape behaviour. These results are
consistent with previous studies that showed that defensive be-
haviours may be elicited by the blockade of GABAergic neuro-
transmission in hypothalamic nuclei, such as the dorsomedial and
ventromedial nuclei (Biagioni et al., 2012; Freitas et al., 2009;
Milani and Graeff, 1987; Shekhar, 1993), as well as the PH
(Biagioni et al., 2012; Shekhar and DiMicco, 1987). These findings
suggest that GABAergic inputs may tonically inhibit these dience-
phalic regions. Indeed, GABAergic neurotransmission has been
suggested to be involved in the modulation of the anxiety-
(Shekhar, 1993; Shekhar et al., 1996) and panic-related defensive
behaviours that are organised by hypothalamic neurons (Biagioni
et al., 2012; Shekhar, 1993; Shekhar et al., 1996; Shekhar and
Keim, 1997). Furthermore, the present results clearly show that
these PH-mediated defensive behaviours are followed by anti-
nociception. Stress/anxiety and fear-induced antinociception have
been considered important reactions that accompanies defensive
behavioural responses (Coimbra et al., 2006; de Oliveira et al., 2017;
Helmstetter and Fanselow, 1987; Helmstetter, 1993; Fanselow,
1986; Rhodes and Liebeskind, 1978; Westbrook et al., 1991). In
fact, if the endogenous pain modulatory system is recruited in
animals that are experiencing a threatening situation, an instinctive
(PH) neurons. Note, in D, BDA-labelled neurons (white open arrow) situated in the
vicinity of glutamatergic synaptic vesicle- and BDA-double labelled perikarya (black
open arrow) connected to diencephalic neurons. E: Transverse section of the dien-
cephalon, showing BDA-labelled cortico-thalamic fibres (black closed arrowheads) and
varicosities (open arrow heads) among glutamatergic vesicle-labelled puncta in
mediorostral part of lateroposterior thalamic nucleus. FeH: PH Transverse sections
showing BDA-labelled cortico-hypothalamic fibres (black closed arrowheads) and
terminal buttons (open arrow head) among glutamatergic vesicle-labelled axonal
terminals (brown puncta) widely distributed in PH, surrounding several perikarya
(white closed arrow heads).



Fig. 9. Summary of the findings obtained in the present work. (A) Black lines represent glutamatergic pathways from anterior cingulate cortex (Cg1) to mediorostral part of latero-
posterior (lpMR) thalamic nucleus and to posterior hypothalamus (PH) demonstrated by deposits of biotynilated dextran amine anterograde neurotracer in the cingulate cortex, Cg1
region. Green lines represent the cortico-diencephalic links connected to (BeC) reciprocal pathways between PH neurons and both dorsal and lateral columns of the periaqueductal
grey matter (PAG), represented as a result of AlexaFluor 488-conjugated dextran microinjection in the PH of Wistar rats depicted on a schematic parasagittal section of rat brain, in a
modified drawing from Paxinos and Watson stereotaxic atlas (2007).
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antinociception may be elicited instead of a pain-induced recu-
perative behaviour, increasing the chances of the animal surviving
the dangerous situation.

A comparative study of chemical stimulation of various hypo-
thalamic nuclei showed that GABAergic blockade of the dorsome-
dial hypothalamus and PH caused defensive behavioural reactions
that were followed by significant antinociception (Biagioni et al.,
2012). Innate fear-induced antinociception is also known to be
elicited by electrical and chemical PAG stimulation (Coimbra and
Brand~ao, 1997; Coimbra et al., 1992, 2006; de Oliveira et al., 2017;
Reynolds, 1969). The PAG, which is a midbrain structure that re-
ceives descending PH projections, as showed in the present work,
may be recruited by hypothalamic projecting neurons to organise
this antinociceptive response (Vertes and Crane, 1996). The present
results also support previous studies that have shown that similar
innate fear-induced antinociception can be elicited by chemical
stimulation of different hypothalamic nuclei (Biagioni et al., 2013;
de Freitas et al., 2013, 2014).

In addition, the PH has been the focus of invasive approaches
(deep brain stimulation) to treat chronic pain (Rasche et al., 2006).
A recently published study reported that a patient who received
deep brain stimulation of the PH to treat pain experienced side
effects that included panic attacks (Bartsch et al., 2008). This
finding supports the hypothesis that the PH is involved in both the
defensive behaviours and antinociceptive responses that are
related to instinctive fear.
We demonstrated that the anterior cingulate cortex is also
connected to the PH. In fact, previous morphological studies in
which the neurotracer leukoagglutinin horseradish peroxidase was
administered into the PH revealed labelled neuronal perikarya
located predominantly ipsilateral to the microinjection site in
various areas of the cerebral cortex, including the Cg1 region of the
ACC (Cavdar et al., 2001), suggesting a descending pathway from
the cingulate cortex to the PH.

In the present study, inactivation of the neural pathways from
the Cg1 region of the ACC to the PH via intracerebral microinjection
of lidocaine attenuated the defensive alertness behaviour and
blocked the running and jumping panic attack-like defensive
behavioural responses, suggesting that this treatment had a clear
antiaversive effect. In addition, decreasing the activity of Cg1
neurons reduced the unconditioned fear-induced antinociception
that was evoked by GABAergic blockade in the PH. Lidocaine is
commonly used to induce temporary inactivation brain regions,
and it exerts this effect by blocking Naþ influx, which inhibits the
passage fibres (Lomber, 1999; Resstel et al., 2008). Our findings
demonstrate that the Cg1 region of the ACC is critically involved in
the modulation of the unconditioned fear-induced defensive re-
actions and antinociceptive responses that are organised by the PH.
It is known that the cingulate cortex projects to several other re-
gions related to defensive mechanisms, such as the medial, baso-
medial and central nuclei of the amygdala, PAG and hypothalamic
nuclei (Beitz, 1989; Fisk andWyss, 2000; Roeling et al., 1994; Vertes
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and Crane, 1996; Vertes, 2004). It has been suggested that some
hypothalamic nuclei, such as the anterior hypothalamic nucleus,
the dorsomedial division of the ventromedial nucleus, and the
dorsal premammillary nucleus comprise a circuit known as a
medial hypothalamic zone (MHZ) defensive system and receive
projection from the PFC (Canteras, 2002; Comoli et al., 2000),
including the ACC, which can influence the expression of hypo-
thalamic defensive responses (Siegel and Chabora, 1971). There is
evidence that the MHZ defensive system is also connected to other
hypothalamic nuclei, including PH (Canteras, 2002).

Our results suggest that efferent pathways from the ACC may
be involved both in controlling the organisation of anxiety- and
panic attack-like defensive behavioural reactions and in mediating
the antinociception, which follows these defensive reactions that
are elicited by GABAA receptor blockade in the PH, suggesting
there may be an excitatory connection between the Cg1 region of
the ACC and the PH. These findings were supported by our neu-
romorphological studies that showed retrograde labelled-neuronal
bodies in Cg1 after the microinjection of a bidirectional neuro-
tracer in the PH. Furthermore, positive fibres and terminal buttons
containing glutamatergic synaptic vesicles were also identified
surrounding PH neuronal perikarya, after the deposits of an
anterograde neurotracer into the Cg1, providing the neural sub-
strate for the influence exerted by ACC glutamatergic long pro-
jection neurons on the PH in defensive and antinociceptive
responses. Interestingly, the same study also showed gluta-
matergic synaptic vesicle-labelled fibres and terminal buttons in
lpMR, from ACC neurons. This could suggest and additional ACC-
PH indirect pathway via dorsal thalamus. Corroborating this hy-
pothesis, there is a report suggesting that the ACC modulates the
hypothalamic defensive behaviour, and that cortical influence is
indirectly mediated via mediodorsal thalamic nucleus (Siegel et al.,
1974).

The neuropharmacological study showed that the pre-
treatment of the PH with the AMPA/kainate receptor antagonist
NBQX before GABAergic blockade of this same structure with
bicuculline decreased alertness responses. PH pre-treatment with
NBQX also reduced panic attack-like defensive responses, as
demonstrated by a reduction in the frequency of jumps and
running and a consequent decrease in the frequency of crossings,
demonstrating a clear antiaversive effect. Treatment of the PH with
NBQX at all of the doses used in this work also reduced the innate
fear-induced antinociception that followed the escape behaviour
that was elicited by the GABAA receptor blockade in the PH.

These data suggest that AMPA/kainate glutamatergic receptors
in the PH are critically involved in the organisation of panic attack-
like behavioural responses. AMPA/kainate receptors also seem to be
involved in defensive attentional responses (alertness), given that
hypothalamic blockade of these receptors attenuated alertness re-
actions. Alertness behaviour is commonly elicited in potential
threat situations (Blanchard and Blanchard, 1988; Brand~ao et al.,
2003); this behaviour is distinct from panic attack-like reactions,
which are characterised by escape behaviour when the threat is
near (Almada and Coimbra, 2015; Mobbs et al., 2007). These data
corroborate previous studies that showed that AMPA/kainate re-
ceptor blockade decreases the anxiolytic-like behavioural reactions
that are displayed by rodents in threatening situations (Kapus et al.,
2008). Furthermore, the blockade of AMPA/kainate receptors via
microinjection of NBQX decreased the activity of glutamatergic
efferent pathways to the PH, possibly those from the ACC. This
modulatory effect supports the hypothesis that AMPA/kainate re-
ceptors are also involved in the modulation of the hypothalamic
neurons that organise anxiety/unconditioned fear-induced anti-
nociceptive processes because the antinociception that followed
the induction of defensive behaviours by GABAergic blockade in the
PH also decreased after the same structure was pretreated with
NBQX.

Furthermore, microinjection of the selective NMDA receptor
antagonist LY235959 into the PH blocked the panic-like defensive
reactions, as expressed by jumps, and reduced the number of
running events that were elicited by GABAergic receptor blockade
in the same structure, demonstrating a clear panicolytic effect. Our
findings support previous evidence that hypothalamic NMDA re-
ceptors mediate panic attack-like behavioural responses (Johnson
and Shekhar, 2006). Nevertheless, decreasing the activity of
NMDA receptors in the PH did not reduce the defensive reactions of
alertness. Blockade of NMDA glutamatergic receptors in the PH
with LY235959 also decreased the unconditioned fear-induced
antinociception that was evoked by GABAA receptor blockade-
induced escape behaviour organised by this same structure,
although this effect was observed only immediately after the
escape behaviour.

These data suggest that NMDA receptors in the PH play a role in
organising the panic attack-like defensive behavioural responses
that are evoked by microinjections of bicuculline in the same re-
gion. Additionally, blockade of these receptors via intra-
hypothalamic microinjection of LY235959 reduced the activity of
glutamatergic efferent pathways to the PH, possibly including those
from the Cg1 region of the ACC. This modulatory effect supports the
hypothesis that NMDA receptors are also involved in the modula-
tion of hypothalamic neuronal activity during the organisation of
unconditioned fear-induced antinociception because LY235959
was able to reduce the antinociception that followed the defensive
behaviour.

As a consequence of the blockade of NMDA receptors, the
glutamate excitatory neurotransmitter may be diverted to other
glutamatergic receptors likely AMPA/kainate receptors situated in
the vicinity of the stimulated area. In this sense, the antiaversive
effect could not have been due to the blockade of NMDA receptors,
but due to the activation of nearby AMPA/kainate receptors. How-
ever, the additional neuropharmacological approach, which was
based on co-administration of both ionotropic receptors antago-
nists in PH, confirmed the findings described above, suggesting that
the concomitant blockade of NMDA and AMPA/kainite ionotropic
receptors also caused an antiaversive effect and a significant
reduction of unconditioned fear-induced antinociception, and this
evidence strengthens the idea that the both the NMDA and the
AMPA/kainite receptors of PH are critical to the elaboration of
defensive responses followed by antinociception in that hypotha-
lamic region.

LY235959 was administered to the PH only at concentrations
that corresponded to a dose of 0.1 nmol/0.2 mL because unlike intra-
diencephalic treatment with NBQX at different concentrations (2, 4
and 8 nmol/0.2 mL), at doses of 1, 2, 4 and 8 nmol/0.2 mL, LY235959
caused changes in locomotor function, i.e., disorders in motor co-
ordination and balance, as demonstrated by performance on the
rotarod test. In addition, immediately after the rotarod test, noci-
ceptive thresholds were measured in all animals in order to
investigatewhether the eventual motor effects caused by LY235959
exert some influence in baseline tail withdrawal reflexes. PH mi-
croinjections of that glutamatergic receptor antagonist at any of the
doses used in the current work did not change the baseline tail
withdrawal reflexes. The reduction of motor performance in the
rotarod test of rats pretreated with LY235959 at 1, 2, 4 and 8 nmol
may reflect a given influence of hypothalamic glutamatergic neu-
rons on midbrain structures, like PAG, connected to other brain-
stem nuclei (Coimbra et al., 2006) that have been implicated in
motor processes (descending reticulo-spinal pathways). However,
LY235959 at these higher doses does not seem to exert intrinsic
effects on baseline withdrawal reflexes.
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GABA/Glutamate neurotransmitters balance in the hypothala-
mus modulates the expression of defensive behavioural responses.
Previous reports have shown that during the reduction of the
inhibitory GABAergic tonic activity in the hypothalamus, there is
facilitation of excitatory glutamatergic activity causing panic-like
reactions (Johnson and Shekhar, 2006). In this sense, it seem that
the facilitation of endogenous glutamatergic discharge by
GABAergic disinhibition results in a proaversive effect followed by
unconditioned fear-induced antinociception. Glutamate release
primarily activates AMPA/kainate receptors, which induce a depo-
larization in the postsynaptic membrane, which results in NMDA
receptors activation (Cohen and Greenberg, 2008; Rebola et al.,
2010).

In addition to the present evidence that glutamatergic release in
PH results in a proaversive effect, other studies have shown the
involvement of different neurochemical mediators, like endo-
cannabinoids (dos Anjos-Garcia et al., 2017), the endogenous opioid
peptides (Helmstetter and Fanselow, 1987) and opioid or gluta-
mate/GABA interaction in defensive behaviour and stress/fear-
induced antinociception (Hohmann et al., 2005; Stiller et al.,
1996). Stress/fear result in a release of endogenous opioid pep-
tides from pre-synaptic neurons and endocannabinoids from post-
synaptic neurons. The activation of the CB1 cannabinoid receptor or
the m-, k-, or d-opioid receptors on GABAergic interneurons inhibits
the release of GABA and facilitates the glutamatergic neurotrans-
mission resulting in activation of the descending inhibitory pain
pathways (for review, see Butler and Finn, 2009). We believe that
the PH pre-treatment with both AMPA/kainate and NMDA gluta-
matergic receptors antagonists have possibly prevented or
decreased the local release of glutamate in PH, which contributes
for reducing the proaversive and antinociceptive effect of PH-
microinjections of bicuculline.

Furthermore, evidence indicates that during noxious stimulus
there is an endogenous glutamate release and a decrease in the
inhibitory postsynaptic current at the ACC (Xu et al., 2008; Zhang
et al., 2005). An increase in extracellular concentrations of gluta-
mate is also observed in the PFC of rats when submitted to stressful
conditions (Moghaddam, 1993). These findings support the hy-
pothesis that glutamate release in the ACC could facilitate the ac-
tivity of excitatory glutamatergic efferent pathways from the ACC to
the PH, an effect that can be attenuated by the blockade of AMPA/
kainate and NMDA glutamatergic receptors in the PH.

However, we can argue that if the treatment with glutamatergic
antagonists reduced aversive stimulus-induced defensive behav-
iour, it is expected that these animals do not exhibit fear-induced
antinociception. Accordingly, it is possible that the anti-
nociceptive effect of ionotropic glutamatergic receptor inactivation
in PH can be assigned to a lack (or reduction) of defensive behav-
iour and not to NBQX or LY235959 pretreatment. However, phar-
macological evidence for dissociation between defensive behaviour
and innate fear-induced antinociception was already reported
elsewhere (de Freitas et al., 2014; da Silva et al., 2015; Biagioni et al.,
2016a).

In summary, the findings of this study suggest that ACC efferent
pathways modulate both the defensive responses and the uncon-
ditioned fear-induced antinociceptive reactions that are evoked
by the PH-mediated innate fear-related behaviour. These
descending projections seems to be mediated by excitatory ami-
noacids, given that the blockade of neural pathways from the Cg1
region of the ACC decreased PH-mediated defensive responses
and antinociception.

In the present work, we demonstrated that the blockade of
glutamatergic AMPA/kainate and NMDA receptors in the PH
decreased the activity of glutamatergic efferent pathways to the PH,
possibly including those from the ACC and from hypothalamic
short-link glutamatergic neurons, and that these receptors play a
key role in the modulation of PH-mediated panic attack-like
defensive behaviours and unconditioned fear-induced anti-
nociception. Additionally, AMPA/kainate receptors seem to be also
involved in defensive reactions related to anxiety.
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