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The blockade of μ‑opioid receptors in the lateral 
hypothalamus enhances panic attack‑like behaviour 

and diminishes defensive antinociception
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The lateral hypothalamus (LH) sends neural pathways to structures involved on predator‑related defensive behaviours, escape and 
antinociception. The aim of this study was to investigate the role played by µ‑opioid receptors located on LH neurons in defensive 
behaviour and unconditioned fear‑induced antinociception elicited by electric stimulation of LH. To achieve the goals, the µ1‑opioid 
receptor selective antagonist naloxonazine was administered at different concentrations in the LH, and the defensive behaviour and 
fear‑induced antinociception elicited by electrical stimulation of LH were evaluated. The electrical stimulation of LH caused escape 
behaviour followed by defensive antinociception. Microinjections of naloxonazine in a concentration of 5.0 μg/0.2 μL in the LH decreased 
the aversive stimulus‑induced escape behaviour thresholds, but diminished defensive antinociception. These findings suggest that 
µ‑opioid receptors of LH can be critical to panic attack‑related symptoms and facilitate the unconditioned fear‑induced antinociception 
produced by LH neurons activation.
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INTRODUCTION

Defensive behaviours are emotional reactions elab‑
orated by encephalic structures interconnected and 
triggered against aversive situations (Cheu and Siegel, 
1998; Mangieri et al., 2019; Wang et al., 2020). Amongst 
these structures, we can highlight the periaqueductal 
grey matter (PAG), the superior (SC) and the inferi‑
or (IC) colliculi, the amygdaloid complex (AC) and 

the hypothalamus (Silveira et al., 1993, Ullah et al., 
2015, de Oliveira et al., 2017, Paschoalin‑Maurin et al., 
2018, Carrero et al., 2019, Calvo et al., 2019a,b,c, dos 
Anjos Garcia and Coimbra, 2019; 2020). Connections 
between diencephalic and mesencephalic structures 
play an important role in the elaboration of panic at‑
tack‑like behaviours (Ullah et al., 2017), and inhibito‑
ry and excitatory projections from LH to PAG evoke 
predation and escape behaviour, respectively (Li et 
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al., 2018). Furthermore, the hypothalamus integrates 
neural substrates of descending control of pain and its 
participation on endogenous pain inhibitory systems 
has been proposed, since there is evidence that sever‑
al hypothalamic nuclei are involved in pain control. 
For example, microinjections of nitric oxide donors 
in the anterior hypothalamus (Falconi‑Sobrinho and 
Coimbra, 2018; Falconi‑Sobrinho et al., 2021), microin‑
jections of bicuculline in the posterior hypothalamus 
(Falconi‑Sobrinho et al., 2017a,b) and neurons acti‑
vated in dorsomedial and ventromedial hypothalamic 
nuclei cause defensive behaviour followed by uncon‑
ditioned fear‑induced antinociception (Biagioni et al., 
2016a, Khan et al., 2020). In laboratory animals, elec‑
trical stimulation of LH produces analgesia (Dafny et 
al., 1996) in trials of short phasic pain and long‑term 
tonic pain (Aimone et al., 1988), but there is a lack of 
works showing evidence for defensive analgesia or‑
ganised by LH neurons.

There is a  controversy in literature regarding the 
role played by the opioid system during panic at‑
tack-like behavioural responses. The non‑selective 
blockade of opioid receptors decreases anxiety‑like 
responses in the elevated plus maze test, and panic 
attack‑ like behaviour displayed by rodents threat‑
ened by rattlesnakes (Coimbra et al., 2017; Calvo et al., 
2019a,b). Similar panicolytic‑like effects were found 
when opioid receptors were antagonized by opioid re‑
ceptors non‑selective and selective antagonists micro‑
injected in the dorsal midbrain (Coimbra et al., 1996; 
2000, Calvo et al., 2019a,b,c). However, the stimulation 
of µ‑opioid receptors inhibits and the stimulation of 
k‑receptors activates the neural substrate of defence 
in dorsal columns of the PAG (Anseloni et al., 1999). 
In addition, opioid receptors seem to play a  key role 
in the organisation of defensive behaviour and de‑
fensive antinociception (de Luca et al., 2003, Morgan 
and Clayton, 2005; Twardowschy and Coimbra, 2015, 
Coimbra et al., 2017). Opioid receptors are reported to 
be found in structures involved with pain modulation 
and aversive stimulus‑induced defensive behaviour 
control, including the tectum and more cranial limbic 
structures, such as anterior and lateral hypothalam‑
ic nuclei that show perikarya with moderate to high 
mRNA expression related to µ and κ receptor types 
(Mansour et al., 1994). Microinjections of morphine in 
LH decrease pain response induced in rodents submit‑
ted to the formalin test, demonstrating the involve‑
ment of the opioid system in antinociceptive process‑
es (Fucks and Melzack, 1995), as also demonstrated 
elsewhere (Coimbra et al., 2017) considering defensive 
antinociception.

Regarding the diencephalic distribution of neu‑
ronal perikaryon‑ and axonal‑labelled either en‑

dogenous opioid or opioid receptors, in vitro radio‑
autographic studies performed in the brain of the 
passerine songbird dark‑eyed junco (Junco hyemalis) 
revealed a high density of µ‑opioid receptors in ven‑
tromedial and lateral hypothalamus (Deviche et al., 
1993). There are also µ‑opioid receptor binding sites 
in the hypothalamic paraventricularis nucleus and 
the infundibular hypothalamic area (Deviche et al., 
1993). In the lateral hypothalamus of Sprague‑Dawley 
rats (Rattus norvegicus), µ‑opioid receptor‑like immu‑
noreactive fibres are observed, with a  few scattered 
µ‑opioid receptor‑labelled perikarya (Mansour et al., 
1995). In cynomolgus monkeys (Macaca fascicularis), 
several nuclei of the hypothalamus localised high 
concentrations of [3H]‑diprenorphine, such as the 
area hypothalamica posterior, the area hypothalam‑
ica lateralis, the nucleus perifornicalis, the nucleus 
tuberomammillaris, the nucleus premammallaris, the 
nucleus infundibularis and the supraoptic nucleus 
(Wamsley et al., 1982).

The hypothesis of this work is that laboratory ani‑
mals submitted to the electrical stimulation of LH will 
display defensive behaviour followed by fear‑induced 
antinociception and the pretreatment of the LH with 
naloxonazine will impair these defensive respons‑
es. Naloxonazine consists in a  dimeric structure, the 
equivalent of two molecules of naloxone, which binds 
to high affinity for µ‑opioid receptors and has a  sim‑
ilar potency of naloxone (Pasternak and Pan, 2013). 
However, the naloxonazine selectively blocks µ1‑opi‑
oid receptor in a  long‑lasting manner through cova‑
lent irreversible bonds (Hahn et al., 1982, 1985; Ling et 
al., 1986).

METHODS

Animals

Male Wistar rats, weighing 200‑250 g, from the ani‑
mal care facility of the Campus of Cuiabá at the Federal 
University of Mato Grosso (UFMT) were used. Rodents 
were kept four in a  cage with food and water ad libi‑
tum and kept in a  room with controlled temperature 
(22 ± 1°C) under a  daily light–dark cycle (lights on 
at 07:00‑19:00  h) during the whole length of experi‑
ment. All experiments were performed in accordance 
with the recommendations of the Commission of Eth‑
ics in Animal Experimentation, which abides by the 
ethical principles for animal research adopted by the 
National Council for Animal Experimentation Con‑
trol (CONCEA), and were approved by the Commission 
of Ethics in Animal Research (CEUA‑UFMT‑process 
23108.920455/2018‑88).
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Surgery procedure

Animals were anaesthetised with intramuscular 
injections of 0.1 mL of 4% xylazine (9.2  mg/kg; Do‑
paser, Hertape/Calier, Juatuba, Minas Gerais, Brazil) 
and 0.2 mL of 10% ketamine (92 mg/kg; Agener, União 
Química Farmacêutica Nacional, Pouso Alegre, Minas 
Gerais, Brazil) and fixed in a  stereotaxic frame (Bon‑
ther, Ribeirão Preto, São Paulo, Brazil), through the 
temporal bone and upper incisor teeth. The bar of the 
upper incisor was positioned 2.5 mm below interaural 
line, so that the skull was in the horizontal position 
between bregma and lambda. A brain electrode glued 
to a guide cannula (chemitrode) was vertically intro‑
duced into LH using the following coordinates, with 
the bregma serving as the reference for each plane: 
anteroposterior: 4.0  mm; mediolateral: 1.8  mm; and 
dorsoventral: 8.4  mm. The chemitrode was fixed in 
skull by means of acrylic resin and two stainless steel 
screws. At the end of the surgery, each guide‑cannu‑
la was sealed with a  stainless steel wire to protect it 
from obstruction. After surgery, animals received in‑
tramuscular injection of benzathine penicillin G, in 
a dose of 50.000 UI, and the analgesic and non‑steroid 
anti‑inflammatory flunixin meglumine at a  dose of 
2.5 mg/kg.

After the surgical procedure, the laboratory ani‑
mals were managed individually in a transparent plexi‑
glass‑walled with fenestrated roof cages situated close 
to each other to minimise stress due to social isolation, 
and both visual and olfactory clues were allowed to ro‑
dents in the post‑surgery period.

Drugs

Naloxonazine (bis[(5α)‑4,5‑Epoxy‑3,14‑dihydroxy‑
17‑(2‑propenyl) morphinan‑6‑ylidene] hydrazone hy‑
drate dihydrochloride; Sigma/Aldrich, St. Louis, MO, 
USA), a µ1‑opioid receptor selective antagonist (Ling et 
al., 1986), at 0.05, 0.5 and 5.0 µg/0.2 µL, was dissolved in 
physiological saline (NaCl; 0.9%), which was also used 
as a control.

Pharmacological treatment

Naloxonazine was administered in LH though a 5 µL 
Hamilton syringe (Bonaduz, GR, Switzerland), con‑
nected to a  0.3  mm (outside diameter) dental needle 
(Injex, Ourinhos, São Paulo, Brazil), through a  PE‑10 
polyethylene tube. The tip of the needle reached the 
brain tissue 1  mm below the lower limit of the guide 
cannula.

Procedure

After four  days of the surgery, the animals were 
placed in a  circular transparent acrylic‑walled arena 
(60 cm in diameter, 50 cm in height, with the floor di‑
vided in 12 sections), whose experimental compartment 
was brightened by 40 Watts lux‑fluorescent lamp. The 
rats allowed a  10‑min habituation period before each 
session. Then, LH was electrically stimulated through 
a  sinusoidal current stimulator (Marseillan, Ribeirão 
Preto, São Paulo, Brazil). The electrical stimulation 
current was monitored by an oscilloscope (Minipa do 
Brasil, MO1250S, Joinville, Santa Catarina, Brazil). The 
encephalic stimulation (60  Hz, 15  s) was performed at 
1‑min intervals, with current increasing at 10 µA steps 
(peak to peak), until the aversion threshold was reached.

The following behaviours were recorded in the Wis‑
tar rats electrically stimulated in the LH: (I) Non‑defen‑
sive motor behaviours, such as (i) catching behaviours 
(movements of the front paws from side to side towards 
the ground), (ii) digging behaviour (movement of the fore 
legs as if it were digging), and (iii) exploratory behaviour 
(head movements from side to side and rearing) and (II) 
defensive behaviours, such as (iv) defensive attention 
(interruption of ongoing behaviours for up to five  sec‑
onds, followed by an attentive posture, as well as be‑
haviours characterised by small head movements, rear‑
ing and smelling), (v) defensive immobility (absence of 
movement for at least six seconds, except for respiration, 
followed by autonomic reactions, such as defecation, ex‑
ophthalmia and/or micturition), (vi) escape behaviour 
(running and/or vertical jumping). The current intensi‑
ty‑producing running from moderate to strong intensity 
(or jumping) in two successive trials was considered to be 
the escape behaviour threshold, as previously reported 
either in a naturalistic experimental model (Coimbra et 
al., 2017) or in an invasive brain procedure (de Oliveira 
et al., 2017). Animals with an escape behaviour threshold 
above 140 μA were discarded from the experiment.

After defensive behaviour threshold determination, 
the μ‑opioid receptor blockade was performed with mi‑
croinjections of either naloxonazine at different con‑
centrations (0.05, 0.5 and 5.0 µg/0.2  µL) or physiolog‑
ical saline (0.2  µL) into LH, in a  randomized manner. 
Naloxonazine and the vehicle were administered twen‑
ty‑four hours before the redetermination of defensive 
behaviour thresholds and tail‑flick latencies (Ling et 
al., 1986; Osaki et al., 2003; Calvo et al., 2019).

Defensive antinociception recording

The rats were submitted to the tail‑flick test to 
record the nociception threshold. Each animal was 
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placed in an acrylic‑walled restraining apparatus 
(Tail‑flick Analgesia Instrument; Insight, Ribeirão 
Preto, São Paulo, Brazil) so that its tail was placed on 
a heating sensor filament, in which the calorimetric 
progressive elevation was automatically interrupted 
when the animal detached its tail from the apparatus. 
The electric current was the source to raise the tem‑
perature of the coil (Ni/Cr alloy; 26.04 cm in length 
× 0.02  cm in diameter) at the rate of approximately 
9°C/s (Prado and Roberts, 1985), starting from room 
temperature (approximately 20°C). A  small current 
intensity adjustment could be done, if necessary, in 
the beginning of the experiment, aiming to obtain 
three consecutive tail‑flick latencies between 2.5  s 
and 3.5  s. If the animal did not remove its tail from 
the heating filament within 6  s, the apparatus was 
turned off in order to prevent damage to receptors 
of tail skin. Three baselines of control tail‑flick la‑
tencies were taken at 5 min intervals, before electri‑
cal stimulation of the LH. After twenty‑four hours of 
either naloxonazine or physiological saline micro‑
injection, electrical stimulation of the LH was per‑
formed, followed by the tail‑flick latencies recording 
at 0, 10, 20, 30, 40 and 60 min after diencephalic elec‑
trical stimulation.

Histology

After the experiments, the rats were anaesthetised 
with xylazine (10  mg/kg) and ketamine (100  mg/kg) 
and perfused via the left cardiac ventricle. The blood 
was washed out with cold, oxygen‑enriched, Ca++‑free 
Tyrode’s buffer (40 mL at 4°C), followed by 200 mL of 
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 diencephalon was quickly sectioned, 
removed and immersed in fresh fixative for 4  h at 
4°C. It was then rinsed in 10% and 20% sucrose dis‑
solved in 0.1  M sodium phosphate buffer (pH 7.4) at 
4°C, for at least 12  h in each solution. Tissue pieces 
were immersed in 2‑methylbutane (Sigma), frozen on 
dry ice, embedded in Tissue Tek O.C.T., and cut with 
a cryostat (Leica CM 1950, Wetzlar, Germany) at ‑22°C. 
Brain sections were then mounted on glass slides coat‑
ed with chrome alum gelatin to prevent detachment 
and stained with haematoxylin‑eosin to be viewed on 
a photomicroscope (Axio Observer, Zeiss, Oberkochen, 
Germany). Statistical analysis was performed exclu‑
sively with data from the animals that presented his‑
tologically confirmed sites of microinjections of drugs 
and diencephalic electrical stimulation in the LH, ac‑
cording to Paxinos and Watson`s rat brain in stereo‑
taxic coordinates atlas (2005).

Statistical analysis

Data regarding the electrical stimulation of the LH 
were submitted to a  one‑way ANOVA followed by the 
Newman‑Keuls post‑hoc test. Data related to defensive 
antinociception were submitted to a repeated measure 
two‑way ANOVA followed by Duncan’s post hoc test. All 
values were reported as the mean ± standard error of 
the mean (SEM). P<0.05 was considered statistically sig‑
nificant.

RESULTS

The electrical stimulation of the LH elicited head 
movements from side to side, movements of the front 
paws from side to side towards the ground (as if catch‑
ing something), movement of the fore legs as if they 
were digging, aversive stimulus‑induced defensive at‑
tention (alertness), in addition to the classic hypotha‑
lamic escape behaviour, expressed as moderate inten‑
sity running and vertical jumping, interspersed with 
exploratory behaviour. The escape behaviour was fol‑
lowed by unconditioned fear‑induced antinociception. 
Histological confirmation of the electrode tips situated 
in the LH and microinjection sites of either naloxo‑
nazine or physiological saline are illustrated in Fig. 1.

Effect of LH μ‑opioid receptors blockade 
on defensive behaviour thresholds

According to a  one‑way ANOVA, followed by New‑
man‑Keuls post hoc test, the pretreatment of the LH with 
naloxonazine in a  dose of 5.0 µg/0.2  µL caused a  sig‑
nificant decrease on escape thresholds [F3,25=4.238, 
P<0.05], compared to the control group. However, nal‑
oxonazine at the lower doses of 0.05 and 0.5 µg/0.2 µL 
did not cause significant effect on escape behaviour 
thresholds [F3,25=4.238, P>0.05], compared to the con‑
trol group. These data are shown in Fig. 2.

Effect of LH µ‑opioid receptors blockade 
on defensive antinociception

The escape behaviour elicited by electrical stim‑
ulation of LH was followed by defensive antinocicep‑
tion. LH pretreatment with naloxonazine at the higher 
concentrations (0.5 and 5.0 µg/0.2  µL) caused a  sig‑
nificant decrease of unconditioned fear‑induced an‑
tinociception recorded immediately after escape be‑
haviour and 10 and 20 min after LH electrical stimula‑
tion in comparison to the control group [F8,192=49.14; 
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P<0.001]. Naloxonazine at the lowest concentration 
(0.05 µg/0.2  µL) did not cause significant changes in 
defensive antinociception. These data are shown in 
Fig. 3.

DISCUSSION

The hypothalamic stimulation in laboratory an‑
imals elicits oriented escape behaviour to safe places 
like those responses elicited by prey confronted with 
predators in an enriched and dangerous environment 
(Uribe‑Mariño et al., 2012; Twardowschy et al., 2013; 
dos Anjos‑Garcia and Coimbra, 2019; 2020). Amongst 
the defensive behaviours elicited by hypothalamus 
neuronal activation, we can highlight the defensive 
alertness, defensive immobility, oriented escape and 
vertical jumps, followed by defensive antinociception 

(Freitas et al., 2009, 2014; Biagioni et al., 2016a,b). The 
oriented escape elicited by chemical stimulation of the 
some hypothalamic nuclei, which can also be activated 
in a prey versus predator encounter (Paschoalin‑Mau‑
rin et al., 2018; Mendes‑Gomes et al., 2020) differs from 
that elicited by stimulation of mesencephalic struc‑
tures, such as the PAG and corpora quadrigemina (Al‑
mada and Coimbra, 2015; Ullah et al., 2015; Biagioni et 
al., 2016b).

Several hypothalamic nuclei are responsible for dif‑
ferent kinds of defensive and predatory behaviours; 
for example, the dorsomedial and ventromedial hypo‑
thalamic nuclei are responsible for the organisation of 
oriented escape (Ullah et al., 2015), while the lateral 
hypothalamic nucleus is related to predation or eva‑
sion, depending of efferent neural pathways and neu‑
rotransmission connecting the hypothalamus to PAG 
(Li et al., 2018).
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Fig. 1. Schematic coronal sections of the rat brain. This figure shows the sites of electrical diencephalic stimulation and microinjections of either vehicle (*), 
naloxonazine at 0.05 µg/0.2 µL (♦), naloxonazine at 0.5 µg/ 0.2µL (■) or naloxonazine at 5.0 µg/0.2 µL (●) in the lateral hypothalamus, depicted on modified 
illustrations from the Paxinos and Watson´s stereotaxic atlas (2005).
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Interestingly, even panic attack‑like non‑oriented/
explosive escape behaviour displayed by laboratory an‑
imals submitted to the stimulation of medial hypotha‑
lamic nuclei seems to be dependent on the recruitment 
of dorsal periaqueductal grey matter neurons (Ullah et 
al., 2017).

In this work, the electrical stimulation of the lateral 
part of the hypothalamus also elicited escape behaviour 
in rats, which seems to be mediated by the endogenous 
opioid peptides neurotransmission, because the intra‑
diencephalic microinjection of the µ‑opioid receptor 
selective antagonist naloxonazine in a concentration of 
5.0 µg /0.2 µL decreased the escape behaviour thresh‑
olds, suggesting a  proaversive effect. However, other 
behavioural repertory was also displayed by rats after 
electrical stimulation of the LH neurons performed by 
our research team, such as digging and catching be‑
haviours that can be related to feeding behavioural re‑
sponses, which also recruit the LH opioid system (Ikeda 
et al., 2015; Ardianto et al., 2016; Romero‑Picó et al., 
2018). In addition, there is evidence that opioid pep‑
tides within the PAG modulate the expression of pred‑
atory attack behaviour in Felis silvestris catus (Weiner et 
al., 1991). These authors demonstrated that quiet bit‑
ing attack is elicited by electrical stimulation of sites 
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Fig. 2. Effect of the pretreatment of the lateral hypothalamus (LH) with 
either vehicle, or naloxonazine at different concentrations (0.05, 0.5 
and 5.0 µg/0.2 µL) on escape behaviour threshold elicited by electrical 
stimulation of LH. Data were represented as delta (test – control values) 
escape behaviour thresholds in microamperes (n= 6‑10); * P<0.05, as 
compared to the vehicle (0.9% NaCl)‑LH pretreatment, according to 
one‑way analysis of variance (ANOVA), followed by Newman‑Keuls` post 
hoc test.

Fig. 3. Effect of either naloxonazine at different concentrations (0.05, 0.5, and 5.0 µg/0.2 µL) or vehicle microinjected in the lateral hypothalamus (LH) 
on unconditioned fear‑induced antinociception (n=6‑10). Data were presented as mean ± S.E.M.; * P<0.05, as compared with the vehicle (0.9% NaCl)‑LH 
pretreatment, according to a  two‑way multivariate repeated measure ANOVA, followed by Duncan’s post hoc test. B1, B2 and B3 represent baseline 
measurements of control tail‑flick latencies (TFL) and the arrow represents the electrical stimulation of LH.
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within the lateral hypothalamus using monopolar elec‑
trodes, and they identified modulatory sites within the 
PAG that when activated either suppress or facilitate 
LH‑induced quiet biting attack. At nine of twelve sites 
in the PAG where suppression was obtained, adminis‑
tration of naloxone cased a  blockade of those effects. 
Similarly, at six of eight facilitatory sites within the 
PAG, naloxone also blocked the modulatory effects of 
PAG stimulation (Weiner et al., 1991). Finally, there is 
evidence that inhibitory and excitatory projections 
from the mouse LH to the PAG drive, respectively, pre‑
dation and evasion (Li et al., 2018).

Hypothalamically elicited predatory attack is facili‑
tated by enkephalinergic mechanisms operating at the 
midbrain level (Saha et al., 2003).

In Sprague‑Dawley rats, several LH targets in the 
central grey are situated in the ventrolateral columns 
of the PAG (vlPAG), whose neurons provides a light in‑
put to the LH. Opioid mechanisms of vlPAG are also im‑
plicated in fear‑related responses (de Luca et al., 2003; 
McNally et al., 2005; McNally and Cole, 2006) and in pain 
modulation (Chen et al., 2016).

Another limbic structure connected to the LH is 
the lateral habenula (LHb), an epithalamic diencephal‑
ic nucleus that plays a relevant role in aversion‑driv‑
en learning and behaviour (Sheth et al., 2017). In two 
models of persistent pain, optogenetic activation of 
LH neurons or their axonal terminals in the vlPAG de‑
creases nociception, and neural tract tracing reveals 
that LH neurons send preferentially glutamatergic 
projections to GABAergic neurons in the vlPAG (Siemi‑
an et al., 2021). By contrast, LH outputs to the LHb 
modulate aversion rather than nociception. Finally, 
Siemian et al. (2021) showed that LH activation pro‑
duces a  synergistic antinociceptive effect with mor‑
phine and restores morphine‑induced antinociception 
after morphine tolerance.

Surprisingly, we found in this work that µ‑opioid re‑
ceptors of LH are also able to diminish panic‑like escape 
behavioural responses in addition to cause an impair‑
ment in the defensive antinociception. This is evidence 
that although defensive behaviour and nociception 
seems to be elaborated by LH neurons, these responses 
can be independently organised by the LH network. In‑
deed, the dorsomedial, the ventromedial and the lateral 
hypothalamic nuclei consist of diencephalic structures 
also involved in pain elaboration, since the activation 
of these diencephalic structures elicits unconditioned 
fear‑induced/defensive antinociception (Aimone et. al. 
1988; Biagioni et al., 2013, 2016a; Khan et al., 2020; Sa‑
fari‑Sandiani et al., 2020) similar to that displayed by 
prey when confronted with a potential predator, such 
as wild serpents (Coimbra et al., 2017). In this sense, 
in our work, we verified that the electrical stimulation 

of LH elicited defensive antinociception and this phe‑
nomenon seems to be modulated by the µ‑opioid recep‑
tor, because microinjections of naloxonazine in the LH 
significantly diminish the unconditioned fear‑induced 
antinociception. In fact, studies of in situ hybridiza‑
tion demonstrated the expression of µ‑ and µ1‑opioid 
receptors in the diencephalon, including the LH (Man‑
sour et al., 1994).

Although a  previous report showed that the elec‑
trical stimulation of LH causes antinociception, and 
this process appears to be mediate by opioid receptors, 
considering that microinjections of morphine in this 
structure also cause similar effect (Fucks and Melzack, 
1995), this is the first time in literature in which it was 
demonstrated that LH stimulation‑induced uncondi‑
tioned fear‑related antinociception is modulated by 
µ‑opioid receptors.

CONCLUSIONS

In conclusion, the present work suggests that LH 
µ‑opioid receptors modulates the panic attack‑like de‑
fensive behaviour and unconditioned fear‑induced an‑
tinociception elicited by electrical stimulation of that 
diencephalic nucleus.
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