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Abstract

The hypothalamus is a forebrain structure critically involved in the organization of defensive responses to aversive stimuli. 
Gamma-aminobutyric acid (GABA)ergic dysfunction in dorsomedial and posterior hypothalamic nuclei is implicated in the 
origin of panic-like defensive behavior, as well as in pain modulation. The present study was conducted to test the difference 
between these two hypothalamic nuclei regarding defensive and antinociceptive mechanisms. Thus, the GABAA antagonist 
bicuculline (40 ng/0.2 µL) or saline (0.9% NaCl) was microinjected into the dorsomedial or posterior hypothalamus in indepen-
dent groups. Innate fear-induced responses characterized by defensive attention, defensive immobility and elaborate escape 
behavior were evoked by hypothalamic blockade of GABAA receptors. Fear-induced defensive behavior organized by the 
posterior hypothalamus was more intense than that organized by dorsomedial hypothalamic nuclei. Escape behavior elicited 
by GABAA receptor blockade in both the dorsomedial and posterior hypothalamus was followed by an increase in nociceptive 
threshold. Interestingly, there was no difference in the intensity or in the duration of fear-induced antinociception shown by 
each hypothalamic division presently investigated. The present study showed that GABAergic dysfunction in nuclei of both the 
dorsomedial and posterior hypothalamus elicit panic attack-like defensive responses followed by fear-induced antinociception, 
although the innate fear-induced behavior originates differently in the posterior hypothalamus in comparison to the activity of 
medial hypothalamic subdivisions.
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The medial hypothalamus is thought to be part of a 
neurobiological substrate controlling defensive behavior 
(1,2). It has been suggested that some hypothalamic nuclei 
such as the anterior hypothalamic nucleus, the dorsomedial 
division of the ventromedial nucleus and the dorsal premam-
millary nucleus are part of a circuit proposed as a medial 
hypothalamic zone (MHZ) defensive system, since there 
is an increase in Fos immunoreactivity in these structures 
during innate defensive responses elicited during preda-
tory threatening (3). There is also evidence that the MHZ 
defensive system is connected to other hypothalamic nuclei, 
including the lateral preoptic area, the dorsomedial rostral 

perifornical region, as well as the dorsomedial (DMH) and 
posterior (PH) hypothalamic nuclei (3) that justify more 
profound investigation of the specific role of these nuclei 
in panic attack-related behavior.

In humans, stimulation of the ventromedial hypothala-
mus (4) and PH (5) evokes panic attacks such as shortness 
of breath and increased arterial pressure and heart rate, 
although the possibility of activation of both excitatory neu-
rons and fibers of passage connecting these hypothalamic 
nuclei to other structures of the brain aversion system, such 
as the periaqueductal gray matter, cannot be ruled out. 

Panic is a severe anxiety disorder characterized by 
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spontaneous panic attacks, accompanied by multiple physi-
ological symptoms (6). In rats, acute gamma-aminobutyric 
acid (GABAA) receptor blockade in the DMH (7,8) and PH 
(9) causes panic-like behavior. In addition, chronic inhibition 
of GABA synthesis in the DMH of rats provokes anxiety and 
panic-like attacks (7).

Moreover, oriented escape attempts (oriented jumps to-
ward the upper levels of the open-field test arena) were also 
observed during GABAergic dysfunction in the DMH caused 
by intradiencephalic microinjections of bicuculline (2,10). 
Thus, the blockade of the GABAA receptor in the DMH can 
be used to simulate some behavioral responses commonly 
reported by human patients during panic attacks.

It was recently reported that panic-like behavior elicited 
by GABAergic receptor antagonism in the DMH is followed 
by fear-induced antinociception (2). Innate fear-related 
oscillations of nociceptive thresholds were also observed 
after electrical and chemical stimulation of other enceph-
alic structures, for example those situated in the dorsal 
midbrain (11-15). 

Activation of antinociceptive process-related neurons 
has been proposed to be part of defensive reactions modu-
lated by fear (2,14), engaging the animal in fear-induced 
defensive behavior instead of pain-related recuperative 
responses. 

Given the importance of the DMH and PH in antinoci-
ceptive processes associated with the defensive response 
or panic-like behavior, the aim of the present study was 
to investigate the characteristics of defensive responses 
elicited by GABAA receptor blockade in different divisions 
of the hypothalamus, including medial and posterior nuclei, 
and to determine if these reactions are followed by oscilla-
tion of the nociceptive threshold. 

Material and Methods

Animals
Male Wistar rats (Rattus norvegicus, Rodentia, Mu-

ridae) weighing 220-260 g (N = 8 per group) from the 
Animal Facility of the School of Medicine of Ribeirão Preto, 
University of São Paulo (FMRP-USP), were studied. They 
were housed 4 to a cage and kept in the experimental 
room for at least 48 h prior to the experiments, with free 
access to water and food, on a 12:12-h light/dark cycle 
(lights on at 7:00 am) at 22-23°C. The enclosure was kept 
under a light/dark cycle of 12/12 h (lights on from 7:00 am 
to 7:00 pm) and at a constant room temperature of 25° ± 
1°C (40-70% humidity). All experiments were performed 
in accordance with the recommendation of the Ethics 
Commission of Animal Experimentation of FMRP-USP 
(protocol No. 130/2008), which are consistent with the 
ethical principles in animal research adopted by the Brazil-
ian Society of Laboratory Animal Sciences (SBCAL), and 
approved by the Ethics Committee of Animal Research 
(CETEA) on 12/15/2008. 

Drugs
Bicuculline methiodide (40 ng/0.2 µL; Sigma, USA) was 

dissolved in saline (0.9% NaCl) shortly before use. Saline 
also served as vehicle control. 

Surgical procedure
Animals were anesthetized with 92 mg/kg ketamine 

(Ketamina Agener®, União Química Farmacêutica Nacio-
nal, Brazil; 0.2 mL 10% solution) and 10 mg/kg xylazine 
(0.1 mL; Dopaser®, Hertape Calier, Brazil) and fixed in 
a stereotaxic frame (David Kopf, USA). A stainless steel 
guide cannula (OD 0.6 mm, ID 0.4 mm) was implanted in 
the diencephalon aiming at the DMH and PH. The upper 
incisor bar was set at 3.3 mm below the interaural line, such 
that the skull was horizontal between bregma and lambda. 
The unilateral guide cannula was vertically introduced in 
84 animals, using the following coordinates, with bregma 
serving as the reference: anteroposterior, -2.80 mm; me-
diolateral, 0.5 mm, and dorsoventral, 7.8 mm to DMH, and 
anteroposterior, -3.72 mm; mediolateral, -0.4 mm, and 
dorsoventral, -7.4 mm to the PH, in an independent group 
of rodents. The guide cannula was fixed to the skull with 
acrylic resin and two stainless steel screws. At the end of 
surgery, each guide cannula was sealed with a stainless 
steel wire to protect it from obstruction.

Antinociceptive procedure
Independent groups of rats (N = 8) had their nociception 

thresholds compared using the tail-flick test. Each animal 
was placed in a restraining apparatus (Insight, Brazil) with 
acrylic walls, and its tail was placed on a heating sensor 
(tail-flick Analgesia Instrument; Insight). The progressive 
heat elevation was automatically interrupted when the 
animal removed its tail from the apparatus. The current 
raised the temperature of the coil (Ni/Cr alloy; 26.04 cm in 
length x 0.02 cm in diameter) at the rate of 9°C/s starting 
at room temperature (approximately 20°C). Small current 
intensity adjustments were performed, if necessary, at the 
beginning of the experiment (baseline records), in order to 
obtain three consecutive tail-flick latencies (TFL) 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 in order to 
prevent damage to the skin. Three baseline measurements 
of control TFL were made at 5-min intervals. TFL were 
also measured for 60 min immediately after the induction 
of escape behavior.

Experimental procedure 
The nociceptive threshold of the animals (N = 8) was 

measured for baseline records. The animal was submit-
ted to surgery for implantation of the DMH or PH nuclei. 
Five days after surgery, the rats were gently wrapped in a 
cloth and hand held in order to be randomly microinjected 
with either bicuculline methiodide (40 ng/0.2 µL) or saline 
(0.2 µL) in the DMH or PH. The following responses were 
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subsequently recorded: exploratory behavior, expressed 
by the number of crossings (four paws in a given division 
of the open-field floor after crossing the limit between 
each division); frequency and duration of rearing (upright 
posture); behavioral defensive reactions expressed by the 
frequency and duration of defensive attention (alertness, 
a response operationally defined as the interruption of 
ongoing behavior as if the rodents oriented themselves 
toward the stimulus, evoking attentive posture, with small 
head movements, rearing and smelling the surrounding 
air); the frequency and duration of defensive immobility 
(“freezing”, operationally defined as immobility with two 
or more of the following autonomic reactions: defecation, 
urination, piloerection, and exophthalmos); frequency and 
duration of defensive backward movements (rapid defen-
sive backward movement), and frequency and duration of 
induced forward escape behavior (running intercalated with 
exploratory responses and jumps oriented to the upper level 
of the open-field test arena). The frequency and duration of 
grooming (self-cleaning repertory of sequential movements 
from the head to the hind paws) were also recorded. All of 
these behavioral responses were recorded immediately 
after microinjection of bicuculline into the DMH or PH. 
Each animal received a maximum of one diencephalic 
treatment with the GABAergic antagonist or its vehicle. 
The nociceptive responses (TFLs) were measured 15 min 
before the diencephalic administration of bicuculline or its 
vehicle and immediately after the escape behavior elicited 
by microinjection of bicuculline into the hypothalamus, or 
10 min after pretreatment of the hypothalamus with saline, 
and subsequently over a period of 1 h at 10-min interval, 
after this procedure.

Histology
Upon completion of the experiments, the animals were 

anesthetized with 92 mg/kg ketamine and 10 mg/kg xyla-
zine and perfused through the left ventricle. The blood was 
washed out with Tyrode’s buffer (40 mL at 4°C) followed 
by 200 mL ice-cold 4% (w/v) paraformaldehyde (LabSynth, 
Brazil) in 0.1 M sodium phosphate buffer (LabSynth), pH 7.3, 
for 15 min at a pressure of 50 mmHg. The brains were quickly 
removed and soaked for 4 h in fresh fixative at 4°C. After 
fixation, the brains were sectioned, and the diencephalon 
was rinsed in 10 and 20% sucrose dissolved in 0.1 M sodium 
phosphate buffer, pH 7.3, at 4°C for at least 12 h in each 
solution. Tissue pieces were immersed in 2-methylbutane 
(Sigma), frozen on dry ice (30 min), embedded in Tissue 
Tek® (Sakura, The Netherlands) and cut with a cryostat 
(Leica CM 1950, Germany). Slices were then mounted on 
glass slides coated with chrome alum gelatin to prevent 
detachment and stained in a robotized autostainer (CV5030 
Leica Autostainer XL) with hematoxylin-eosin in order to 
localize the positions of the guide cannula tips according to 
the Paxinos and Watson atlas (16) under a photomicroscope 
(AxioImager Z1, Zeiss, Germany). Data from rats with the 

guide cannula tips located outside the DMH or PH were 
not included in the statistical analysis.

Statistical analysis
Data from independent groups of animals submitted to 

GABAA receptor blockade in the DMH or PH were submitted 
to ANOVA followed by the Newman-Keuls post hoc test. Data 
from experiments carried out to determine the oscillation of 
the nociceptive thresholds after fear-induced responses of 
exploratory behavior were submitted to repeated-measure 
ANOVA, followed by the Duncan post hoc test. All data 
are reported as means ± SEM for N = 8 rats. P < 0.05 was 
considered to be statistically significant.

Results

Panic-like defensive behavior
Decreased GABAergic neurotransmission in both the 

DMH and PH nuclei was followed by panic-like defensive 
behaviors characterized by defensive alertness, defensive 
immobility, defensive backward rapid movement, and for-
ward escape reactions. These reactions were accompanied 
by intense exploratory behavior in the open field test during 
the hypothalamic GABAA receptor blockade.

Microinjections of bicuculline into the DMH caused a sig-
nificant increase in the frequency [F(3,28) = 40.62; P < 0.05; 
Figure 1A] and duration [F(3,28) = 17.94; P < 0.01; Figure 
1B] of defensive alertness and in the frequency [F(3,28) = 
10.59; P < 0.001; Figure 1C] and duration [F(3,28) = 7.083; 
P < 0.001; Figure 1D] of defensive immobility. Blockade of 
the GABAA receptor in the DMH did not cause a significant 
increase in the frequency (Figure 2A) and duration (Figure 
2B) of forward escape behavior. A non-significant increase 
in the frequency (Figure 2C) and duration (Figure 2D) of 
defensive backward movement was also observed. These 
panic-like responses were accompanied by exploratory 
behavior characterized by a significant increase in cross-
ing episodes [F(3,28) = 16.76; P < 0.001; Figure 3A] in the 
open-field test.

A clear-cut increase in the frequency [F(3,28) = 21.21; 
P < 0.001; Figure 3B] and duration [F(3,28) = 15,65; P < 
0.001; Figure 3C] of rearing behavior and a significant de-
crease in the frequency [F(3,28) = 9.204; P < 0.01; Figure 
3D], but not in the duration [F(3,28) = 10.71; P < 0.001; 
Figure 3E] of grooming were also observed in the animals 
microinjected intra-DMH with the GABAA antagonist com-
pared to the control group.

Microinjections of bicuculline into the PH resulted in 
an increase in the frequency [F(3,28) = 40.62; P < 0.001; 
Figure 1A] and duration [F(3,28) = 17.94; P < 0.001; 
Figure 1B] of defensive alertness and an increase in the 
frequency [F(3,28) = 10.59; P < 0.001; Figure 1C] and du-
ration [F(3,28) = 7.083; P < 0.001; Figure 1D] of defensive 
immobility compared to control. A significant increase in 
the frequency [F(3,28) = 27.28; P < 0.001; Figure 2A] and 
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duration [F(3,28) = 13.74; P < 0.001; Figure 2B] 
of forward escape behavior was also observed. 
Blockade of the GABAA receptor in the PH also 
caused a significant increase in the frequency 
[F(3,28) = 11.81; P < 0.001; Figure 2C] and 
duration [F(3,28) = 16.72; P < 0.001; Figure 2D] 
of defensive backward movement. 

These panic-like responses were also ac-
companied by exploratory behavior character-
ized by a significant increase of crossing [F(3,28) 
= 16.76; P < 0.001; Figure 3A] compared to 
control. We also observed an increase in the 
frequency [F(3,28) = 21.21; P < 0.001; Figure 
3B] and duration [F(3,28) = 15.65; P < 0.001; 
Figure 3C] of rearing behavior. There was also a 
significant decrease in the frequency [F(3,28) = 
9.204; P < 0.01; Figure 3D] and duration [F(3,28) 
= 10.71; P < 0.001; Figure 3E] of grooming 
compared to control.

Microinjection of bicuculline into the PH 
caused a significant increase in the frequency 
(P < 0.001) of defensive attention, frequency 
(P < 0.001) of defensive immobility, frequency 
(P < 0.001) and duration (P < 0.001) of forward 
escape behavior and defensive backward 
movements compared to the effect of GABAA 
receptor blockade in the DMH (Figure 1A and 
C; 2A and B; 2C and D).

Fear-induced antinociception
The panic-like escape behavior organized by 

both DMH and PH nuclei was followed by signifi-
cant fear-induced antinociception compared to 
the control group. Repeated-measures ANOVA 
revealed a significant effect of treatment [F(3,28) 
= 12.41; P < 0.001], time [F(9,20) = 10.881; P < 
0.001] and a treatment versus time interaction 
[F(27,56) = 3.433; P < 0.001]. The Duncan post 
hoc test revealed that significant antinociception 
occurred immediately after the fear-induced es-
cape behavior up to 20 min after this defensive 
behavioral response [F(3,28) ranging from 5.51 
to 39.01; P < 0.001; Figure 4].

Schematic drawings and representative 
photomicrographs of coronal sections of R. 
norvegicus brain showing the sites of central 
administration of bicuculline methiodide or saline 
are presented in Figure 5.

Discussion

Panic-like defensive behavior
The present data clearly show that a reduc-

tion of tonic GABAergic inhibition of hypothalamic 
neurons by local administration of bicuculline, a 

Figure 2. Effect of central administration of saline (0.9% NaCl; N = 8) or 40 
ng/0.2 µL bicuculline methiodide (N = 8) into the dorsomedial (DMH) and 
posterior (PH) hypothalamic nuclei on the frequency (A and C) and duration 
(B and D) of forward escape behavior (A and B), and defensive backward 
movements (C and D). The columns indicate the mean and the bars repre-
sent the standard error of the mean. *P < 0.05 compared to the saline (DMH)-
treated group, +P < 0.001 compared to the bicuculline (DMH)-treated group, 
#P < 0.001 compared to the saline (PH)-treated group (one-way ANOVA, 
followed by the Newman-Keuls post hoc test).

Figure 1. Effect of central administration of saline (0.9% NaCl; N = 8) or 40 ng/0.2 
µL bicuculline methiodide (N = 8) into the dorsomedial (DMH) and posterior (PH) 
hypothalamic nuclei on the frequency (A and C) and duration (B and D) of defen-
sive attention (alertness; A and B), defensive immobility (freezing; C and D). The 
columns indicate the mean and the bars represent the standard error of the mean. 
*P < 0.05 compared to the saline (DMH)-treated group, +P < 0.001 compared 
to the bicuculline (DMH)-treated group, #P < 0.01 compared to the saline (PH)-
treated group (one-way ANOVA, followed by the Newman-Keuls post hoc test).
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selective GABAA receptor antagonist, microinjected into the 
DMH and PH evoked defensive behavioral responses such 
as defensive attention, defensive immobility and 
a flight response interspersed with exploratory 
behavior. These findings are consistent with a 
previous report showing that panic-like defensive 
behavior can be elicited by chemical stimulation 
of the dorsomedial part of the ventromedial hypo-
thalamic nucleus and dorsomedial hypothalamic 
nucleus (2). It has been suggested that the 
GABAA receptor-mediated neurotransmission is 
involved in the anxiety and panic-like defensive 
behavior organized by the DMH (17). Indeed, 
several lines of evidence suggest that the DMH 
plays an important role in the generation of be-
havioral and autonomic responses to aversive 
stimuli (8,18). Similarly, a GABAA antagonist 
microinjected into the PH has also been reported 
to evoke defensive behavior (9).

The defensive behavior observed in the 
present study is consistent with studies using 
electrical and chemical simulation of other 
prosencephalic and mesencephalic structures 
(2,14,19-21). However, the stimulation of hy-
pothalamic nuclei evokes defensive reactions 
characterized by low intensity and much more 
oriented and elaborate defensive motor reactions 
compared to those elicited from mesencephalic 
structures (2,10). Another outstanding defen-
sive reaction elaborated by hypothalamic and 
mesencephalic structures concerns defensive 
immobility or “freezing”. Recently, “freezing” has 
been described as a defensive response due 
to potential or distal aversive stimuli, when the 
animals need to acquire environmental informa-
tion (22). GABAergic dysfunction and chemical 
stimulation of the dorsolateral column of the 

periaqueductal gray matter has been widely reported to 
produce freezing behavior (23,24). Despite previous reports 

Figure 3. Effect of central administration of saline (0.9% NaCl; to N = 8) or 40 
ng/0.2 µL bicuculline methiodide (N = 8) into the dorsomedial (DMH) and pos-
terior (PH) hypothalamic nuclei on the exploratory behavior expressed by cross-
ings (A), the frequency (B) and duration (C) of rearing, and the frequency (D) 
and duration (E) of grooming behavior. The columns indicate the mean and the 
bars represent the standard error of the mean. *P < 0.01 compared to the saline 
(DMH)-treated group, #P < 0.01 compared to the saline (PH)-treated group (one-
way ANOVA, followed by the Newman-Keuls post hoc test).

Figure 4. Effect of microinjections of saline 
(0.9% NaCl, 0.2 µL; N = 8) or 40 ng/0.2 µL bicu-
culline methiodide (N = 8) into the dorsomedial 
(DMH) and posterior (PH) hypothalamic nuclei 
on nociceptive thresholds demonstrated by the 
tail-flick test (TFT). Innate fear-induced anti-
nociception was studied after panic-like escape 
behavior elicited by GABAA receptor blockade 
in the hypothalamus. Data are reported as 
means ± SEM. *P < 0.05 compared to the sa-
line (DMH)-treated group; #P < 0.05 compared 
to the saline (PH)-treated group (repeated-
measures ANOVA followed by the Duncan post 
hoc test). The arrow in A indicates the time of 
microinjection of either saline or bicuculline into 
hypothalamic nuclei. BL1-3 = baseline tail-flick 
latencies.
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suggesting that defensive immobility is more commonly 
related to activation of neurons situated in the mesenceph-
alic tectum during the organization of defensive behavior 
(23,25), defensive immobility was also reported as an 
aversive stimulus-induced defensive reaction elaborated by 
medial hypothalamus neurons (2). It is interesting to note 
that a “freezing” defensive response was also observed in 
the present study after GABAergic system dysfunction in 
both DMH and PH. 

Interestingly, the present results suggest that DMH 
GABAergic dysfunction evokes more attenuated defensive 
responses than PH. Both DMH and PH were reported to 
elaborate the same defensive behavioral pattern of re-
sponses (9,17), although the present study provides the 
first evidence of critical differences between the defensive 
behavior organized by each hypothalamic division presently 
studied. Moreover, the evidence suggests that the DMH, 

but not the PH, is activated in situations of high concentra-
tions of carbon dioxide (hypercarbic gas exposure), which 
increase anxiety-like behavior in rats and humans and 
induce panic attacks in the most patients with a diagnosis 
of panic disorder. In addition, the perifornical nucleus and 
the paraventricular hypothalamic nucleus are reported to be 
activated under the same condition, i.e., hypercarbic gas ex-
posure (26). Since the dorsal premammillary hypothalamic 
nucleus is relatively close to the PH, we also must consider 
its possible involvement in the origin of panic attack-like 
behaviors. As a matter of fact, other hypothalamic nuclei 
might also be involved in the organization of defensive 
behavior and in fear-induced antinociception elicited by 
threatening situations. 

In addition, innate defensive responses elicited in the 
presence of a natural predator increased Fos protein levels 
in the medial zone of the hypothalamus (anterior hypotha-

Figure 5. A, Schematic drawing of brain structures depicted in illustrations from Paxinos and Watson’s (16) atlas (reproduction autho-
rized by Elsevier) at bregma -3.30 mm, at the level of the dorsomedial hypothalamus (DMH; original photomicrograph amplified at the 
bottom). Scale bar: 500 µm. C, Original photomicrograph of a diencephalic coronal section at bregma -4.16, showing a representative 
site (arrow) of central microinjection of 40 ng/0.2 µL bicuculline methiodide into the posterior hypothalamus (PH). Scale bar: 200 µm, 
stained with hematoxylin and eosin. B and D, Schematic coronal sections of the Rattus norvegicus brain, showing the sites of central 
administration of saline (open triangles) or 40 ng/0.2 µL bicuculline methiodide (filled squares) in the DMH (B) or PH (D).
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lamic nucleus, dorsomedial division of the ventromedial 
nucleus, and dorsal pre-mammillary hypothalamic nuclei) 
(27). Thus, it has been proposed that these structures are 
part of a so-called medial hypothalamic defensive system 
(3,27). All of these data suggest that different hypothalamic 
nuclei might be recruited in different aversive environments; 
consequently, dysfunction of the hypothalamic system 
may be implicated at least in part in the triggering of panic 
disorder in humans. 

In view of this possibility, the precise function of each 
hypothalamic nucleus and its anatomic divisions should be 
clarified to provide a better knowledge of the neural circuitry 
involved in the physiologic panic-like behavior and also in 
panic syndrome. 

Fear-induced antinociception
The present results have also shown an important role 

of the DMH and PH in pain modulation. Besides panic-like 
defensive behavior, the present findings provide evidence 
for a significant fear-induced antinociception after GABAA 
receptor antagonism in the DMH and PH. It is known that 
in situations of proximal or imminent danger, such as the 
presence of a predator, the encephalic aversion system 
recruits a series of brainstem structures that comprise the 
pain endogenous inhibitory system (28,29). This allows the 
organism to engage in fight or flight responses without the 
risk of affecting its performance by the pain caused by a 
given corporal injury (14,30). Other studies have provided 
additional evidence that some hypothalamic nuclei such as 
the lateral hypothalamus and paraventricular hypothalamic 
nucleus (31,32) are involved in pain modulation. However, 
there is little evidence demonstrating the involvement of 
dorsomedial and posterior hypothalamic nuclei in fear-
induced antinociception.

Although the present results showed an increase in the 
defensive behavior triggered by the PH, the fear-induced 
antinociception was not different in duration and intensity 
from that triggered by DMH neurons. Interestingly, PH 
has been the target of an invasive approach (deep brain 
stimulation) aiming at the treatment of chronic pain. A case 
report about the first patient submitted to this new treatment, 
consisting of deep brain stimulation focused on the posterior 
hypothalamic area, was recently published (5). The purpose 
of this invasive approach is to treat cases with chronic cluster 
headache, which are refractory to pharmacological therapy. 

However, the side effects of this particular approach include 
panic attacks (33,34), and this reinforces the involvement 
of hypothalamic nuclei in the organization of fear-induced 
responses in human.

It is known that innate fear-induced behavioral re-
sponses, such as defensive immobility and escape behavior 
(24,25), as well as fear-induced antinociception (15,25) are 
commonly related to the neuronal activity of the periaque-
ductal gray matter. In view of these findings, it is possible 
that both DMH and PH recruit the dorsal columns of the 
periaqueductal gray matter for the organization of at least 
part of the antinociception induced by panic-like responses. 
In fact, there is evidence that descending PH projections, 
particularly those to the periaqueductal gray matter, are 
involved in PH modulation of complex behaviors (35), and 
neuroimaging approaches have shown that traumatic no-
ciceptive pain activates neurons in both the hypothalamus 
and periaqueductal gray matter (36).

In conclusion, GABAergic neurons can exert tonic 
control on dorsomedial and posterior hypothalamic nuclei 
involved in the generation and expression of panic-like 
response and fear-induced antinociception. In contrast, 
DMH and PH give origin to defensive behaviors of distinct 
expression and intensity. More detailed studies are still 
necessary to understand the exact role of each hypotha-
lamic nucleus in the organization of panic-like defensive 
behavior and how these neural substrates are involved in 
the modulation of pain in dangerous situations.
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