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Abstract 
The lateral hypothalamus (LH) has been described as one of the hypothalamic areas involved 
in the behavioral and physiological responses triggered by aversive stimuli. Previous studies in- 
dicated involvement of the LH in cardiovascular responses to stress. Despite this evidence, the 
local neurochemical mechanisms involved in LH control of stress responses is still poorly under- 
stood. Therefore, in the present study, we investigated the role of GABAergic neurotransmission 
within the LH in cardiovascular responses induced by an acute session of restraint stress in rats. 
For this, we evaluated the effect of bilateral microinjection of selective antagonists of either 
GABA A or GABA B receptors into the LH on arterial pressure increase, heart rate (HR) increase 
and reduction in tail skin temperature induced by restraint stress. We found that microinjection 
of the selective GABA A receptor antagonist SR95531 into the LH decreased the increase in HR 
caused by restraint stress, but without affecting the increase in arterial pressure increase or 
the reduction in tail skin temperature. Conversely, LH treatment with the selective GABA B re- 
ceptor antagonist CGP35348 did not affect the restraint-evoked cardiovascular changes. These 
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findings indicate that GABAergic neurotransmission in the LH, acting through activation of local 
GABA A receptors, plays a facilitatory role in the tachycardic response observed during aversive 
threats. 
© 2019 Elsevier B.V. and ECNP. All rights reserved. 
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hysiological adjustments play a prominent role in survival 
nd welfare by maintaining homeostasis during aversive 
ituations ( Crestani, 2016; Sterling, 2012; Ulrich-Lai and 
erman, 2009 ). Changes in autonomic activity evoke im- 
ediate responses during stress, including increased arte- 
ial pressure and heart rate (HR); redistribution of blood 
ow, including reduced cutaneous and visceral perfusion 
nd increased blood flow to the skeletal muscles; and mod-
lation of baroreflex activity ( Crestani, 2016; Dampney, 
015; Dampney et al., 2008 ). Increased sympathetic activ- 
ty reduces cutaneous blood flow ( Blessing, 2003 ), which 
n turn decrease skin temperature during aversive threats 
 Busnardo et al., 2019; Vianna and Carrive, 2005 ). 
Cardiovascular responses during aversive threats are trig- 

ered by overlapping circuits in the central nervous sys- 
em (CNS) ( Dampney, 2015; Fontes et al., 2011; Myers, 
017; Ulrich-Lai and Herman, 2009 ). The lateral hypotha- 
amus (LH) is a complex diencephalic area which has been 
ound to be activated by several aversive stimuli ( Briski and
illen, 2001; Cullinan et al., 1995; Furlong et al., 2014; 
otta and Canteras, 2015 ). Accordingly, the LH has been 
inked to the central network that regulates the stress re-
ponses ( Myers, 2017; Ulrich-Lai and Herman, 2009 ). Re-
arding the cardiovascular changes, initial studies provided 
unctional evidence of a role of this hypothalamic area in 
ontrol of arterial pressure response evoked by conditioned 
versive stimuli ( Iwata et al., 1986; LeDoux et al., 1988 ).
he influence of the LH in the control of cardiovascular 
esponses to unconditioned aversive threats was reported 
nly recently ( Deolindo et al., 2013 ). In this sense, acute
ilateral LH neurotransmission inhibition, caused by local 
reatment with the nonselective synaptic blocker CoCl 2 , en- 
anced tachycardia evoked by an acute session of restraint 
tress, but without affecting the pressor response ( Deolindo 
t al., 2013 ). This effect was mimicked by local treatment
ith a selective NMDA glutamatergic receptor antagonist, 
hus indicating the involvement of local glutamatergic neu- 
otransmission in LH control of cardiovascular responses to 
estraint stress ( Deolindo et al., 2013 ). However, despite re-
orts that the control of physiological and behavioral re- 
ponses by the LH reflects a balance of local excitatory and
nhibitory inputs ( Stanley et al., 2011 ), the role of local in-
ibitory neurochemical mechanisms in LH control of stress 
esponses has never been evaluated. 
GABA has been shown to be a dominant neurotrans- 
itter in the hypothalamus ( Decavel and Van Den Pol,
990 ). Accordingly, inhibitory control of LH neurons by lo-
al GABAergic (inter)neurons has been described previously 
 Burt et al., 2011; Konadhode et al., 2015 ). GABAergic in-
uts from limbic structures involved in the control of stress- 
voked responses was also reported within the LH ( Gritti
t al., 1994; Jennings et al., 2013 ). Despite these findings,
he role of LH GABAergic neurotransmission in the control
f stress responses has not been investigated. Therefore, 
his study aimed to evaluate the hypothesis that GABAergic
eurotransmission within the LH is involved in the control
f cardiovascular responses evoked by an acute session of
estraint stress in rats. To test this hypothesis, animals re-
eived intra-LH bilateral microinjections of selective GABA A 
r GABA B receptor antagonists. 

xperimental procedures 

nimals 

wenty male Wistar rats weighing 240–260 g (60-days-old) 
ere used. Animals were obtained from the animal breed-
ng facility of the São Paulo State University (UNESP) (Bo-
ucatu, SP, Brazil), and were housed in plastic cages in a
emperature-controlled room at 24 °C in the Animal Facility
f the Laboratory of Pharmacology, School of Pharmaceuti- 
al Sciences – UNESP. They were kept under a 12:12 h light-
ark cycle (lights on between 7:00 am and 7:00 pm) with
ree access to water and standard laboratory food. Hous-
ng conditions and experimental procedures were approved 
y the Ethical Committee for Use of Animals of the School
f Pharmaceutical Sciences/UNESP (approval # 61/2015), 
hich complies with Brazilian and international guidelines 
or animal use and welfare. 

urgical preparation 

ive days before the trial, rats were anesthetized with
ribromoethanol (250 mg/kg, i.p.). After scalp anesthesia 
ith 2% lidocaine, the skull was exposed and stainless- 
teel guide cannulas (26 G, 13 mm-long) were bilaterally im-
lanted into the LH at a position 1 mm above the site of
njection, using a stereotaxic apparatus (Stoelting, Wood 
ale, IL, USA). Stereotaxic coordinates for cannula implan- 
ation into the HL were: antero-posterior = + 6.2 mm from
nteraural line; lateral = 1.8 mm from the medial suture;
orso-ventral = −7.6 mm from the skull ( Paxinos and Wat-
on, 1997 ). Cannulas were fixed to the skull with den-
al cement and one metal screw. After surgery, the an-
mals received a poly-antibiotic containing streptomycins 
nd penicillins (560 mg/ml/kg, i.m.) to prevent infection 
nd the non-steroidal anti-inflammatory flunixin meglumine 
0.5 mg/ml/kg, s.c.) for post-operation analgesia. 
One day before the trial, rats were anesthetized with

ribromoethanol (250 mg/kg, i.p.), and a catheter (Clay 
dams, Parsippany, NJ, USA) filled with a solution of hep-
rin (50 UI/ml, Hepamax-S®, Blausiegel, Cotia, SP, Brazil) 
iluted in saline (0.9% NaCl) was inserted into the ab-
ominal aorta through the femoral artery for cardiovascu- 
ar recording. Catheter was tunneled under the cutaneous 
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and exteriorized on the animal’s dorsum. After surgery,
the non-steroidal anti-inflammatory flunixin meglumine
(0.5 mg/ml/kg, s.c.) was administered for post-operation
analgesia. The animals were kept in individual cages during
the postoperative period and cardiovascular recording. 

Blood pressure and heart rate recording 

The catheter implanted into the femoral artery was con-
nected to a pressure transducer (DPT100, Utah Medical
Products Inc., Midvale, UT, USA). Pulsatile arterial pressure
was recorded using an amplifier (Bridge Amp, ML224, ADIn-
struments, Australia) and an acquisition board (PowerLab
4/30, ML866/P, ADInstruments, NSW, Australia) connected
to a personal computer. Mean arterial pressure (MAP) and
HR values were derived from the pulsatile arterial pressure
recording. 

Tail cutaneous temperature measurement 

Tail cutaneous temperature was recorded using a ther-
mal camera (IRI4010, Infra Red Integrated Systems Ltd.,
Northampton, UK). The analysis was performed using a soft-
ware for thermographic analysis, and temperature was rep-
resented by color intensity variations ( Busnardo et al., 2019;
Vianna and Carrive, 2005 ). For image analysis, the tempera-
ture was measured on five points along the animal’s tail, and
the mean value was calculated for each recording ( Adami
et al., 2017; Gomes-de-Souza et al., 2016 ). 

Drugs and solutions 

SR95531 (selective GABA A receptor antagonist) (Tocris,
Westwoods Business, Park Ellisville, MO, USA), CGP35348
(selective GABA B receptor antagonist) (Tocris), tribro-
moethanol (Sigma–Aldrich, St. Louis, MO, USA) and urethane
(Sigma–Aldrich) were dissolved in saline (NaCl 0.9%). Flu-
nixin meglumine (Banamine®; Schering-Plough, Cotia, SP,
Brazil) and the poly-antibiotic preparation (Pentabiotico®;
Fort Dodge, Campinas, SP, Brazil) were used as provided. 

Drug microinjection into the lateral hypothalamus 

The needles (33 G, Small Parts, Miami Lakes, FL, USA) used
for microinjection into the LH were 1 mm longer than the
guide cannulas and were connected to a 2 μL syringe (7002-
KH, Hamilton Co., Reno, NV, USA) using a PE-10 tubing (Clay
Adams, Parsippany, NJ, USA). Needles were carefully in-
serted into the guide cannulas without restraining the an-
imals, and drugs were injected in the final volume of 100 nL
( Crestani et al., 2009; Deolindo et al., 2013 ). 

Restraint stress 

Each rat was placed in a plastic cylindrical restraint tube
(diameter 6.5 cm, length 15 cm), ventilated by holes (1 cm
diameter) that made up approximately 20% of the tube sur-
face. Restraint lasted 60 min ( Deolindo et al., 2013 ), and
immediately after the end of the stress exposure rats were
returned to their home cages. Each rat was submitted to
only one session of restraint in order to avoid habituation. 

Experimental protocols 

Animals were brought to the experimental room in their own
cages. Animals were allowed at least 60 min to adapt to the
experimental room conditions, such as sound and illumina-
tion, before the experiment was commenced. The experi-
mental room was temperature-controlled (24 °C) and acous-
tically isolated from the other rooms. 

Independent sets of animals received bilateral microin-
jections into the LH of the selective GABA A receptor antago-
nist SR95531 (0.01 nmol/100 nL, n = 6), the selective GABA B
receptor antagonist CGP35348 (10 nmol/100 nL, n = 7) or
vehicle (saline, 100 nL, n = 7). The drug dosage was selected
according to the Ki value of the drug ( Heaulme et al., 1986;
Olpe et al., 1990 ), as well as the dosage used in previous
studies that performed intra-hypothalamic microinjections
( Zhong et al., 2008; Zhou et al., 2014 ). Ten minutes af-
ter LH pharmacological treatment, the animals underwent
a 60 min session of restraint stress. 

Cardiovascular recording began at least 30 min before the
onset of restraint and was performed throughout the session
of stress. The tail cutaneous temperature was measured 10,
5 and 0 min before the restraint for baseline values, and
at 10, 20, 40 and 60 min during restraint ( Busnardo et al.,
2019; Gomes-de-Souza et al., 2016 ). Each animal received
a single pharmacological treatment and was submitted to
one session of restraint. 

Histological determination of the microinjection 

sites 

At the end of experiments, rats were anesthetized with ure-
thane (250 mg/ml/200 g body weight, i.p.) and 100 nL of 1%
Evan’s blue dye was injected into the brain as a marker of
the injection site. Then, the chest was surgically opened,
the descending aorta occluded, the right atrium severed
and the brain perfused with 0.9% NaCl followed by 10% for-
malin through the left ventricle. Afterwards, the brain was
removed and post-fixed in 10% formalin for at least 48 h at
4 °C. Serial 40 μm-thick sections of the LH region were cut
using a cryostat (CM1900, Leica, Wetzlar, Germany). The
actual placement of the microinjection needles was deter-
mined according to the rat brain atlas of Paxinos and Wat-
son (1997) by analyzing the serial sections under a light mi-
croscopy. 

Data analysis 

Data were expressed as mean ± SEM. Basal values of MAP,
HR and tail cutaneous temperature before and after LH
pharmacological treatment were compared using the Stu-
dent’s t -test. Time-course curves of cardiovascular and
cutaneous temperature changes were analyzed using the
two-way ANOVA, with treatment as a main factor and time
as a repeated measure, followed by Bonferroni’s post hoc
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Fig. 1 (A) Photomicrograph of a coronal brain section from a representative rat showing bilateral injection sites into the lateral 
hypothalamus (LH). (B) Diagrammatic representation based on the rat brain atlas of Paxinos and Watson (1997) indicating the 
microinjection sites of vehicle (black circles), the selective GABA A receptor antagonist SR95531 (grey squares) and the selective 
GABA B receptor antagonist CGP35348 (black squares) into the LH. IA-interaural coordinate; opt - optic chiasm. 
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est. The mean of the values during the first 10 min of the
estraint session (onset), and during the remaining restraint 
tress period (plateau) were also calculated. These values 
ere compared using the two-way ANOVA, with treatment 
s a main factor and time (onset vs plateau) as a repeated
easure, followed by Bonferroni’s post hoc test. Results of 
tatistical tests with P < 0.05 were considered statistically 
ignificant. 

esults 

iagrammatic representations showing the bilateral injec- 
ion sites into the LH of all animals used in the present
tudy are presented in Fig. 1 . A photomicrograph of a coro-
al brain section depicting microinjection sites into the LH 

f a representative animal is also presented in Fig. 1 . 
Bilateral microinjection of either the selective GABA A 

eceptor antagonist SR95531 (0.01 nmol/100 nL, n = 6) 
r the selective GABA B receptor antagonist CGP35348 
10 nmol/100 nL, n = 7) into the LH did not alter the baseline
alues of MAP, HR and tail cutaneous temperature; when 
ompared with animals locally treated with vehicle (100 nL, 
 = 7) ( Table 1 ). However, analysis of the time-course

urves indicated that restraint stress evoked increase in 
AP (time factor: F (35,595) = 21.11, P < 0.0001) and HR
time factor: F (35,595) = 13.42, P < 0.0001), and decreased
he tail skin temperature (time factor: F (6102) = 11.8,
 < 0.0001) ( Fig. 2 ). Analysis also indicated main ef-
ect of the LH pharmacological treatments (treatment fac- 
or: F (2,17) = 3.60, P = 0.049) and treatment x time in-
eraction (F (70,595) = 1.60, P = 0.002) for the HR values
 Fig. 2 ). Nevertheless, analysis did not indicate effect of
reatment (MAP: F (2,17) = 1.24, P = 0.313; skin tempera-
ure: F (2,17) = 0.68, P = 0.515) or treatment x time inter-
ction (MAP: (F (70,595) = 0.78, P = 0.897); skin temperature:
 (12,102) = 1.35, P = 0.202) for the MAP and tail skin tempera-
ure responses ( Fig. 2 ). Post-hoc analysis of the HR response
evealed that LH treatment with SR95531 ( P = 0.039), but
ot with CGP35348 ( P = 0.875), decreased the restraint-
voked tachycardic response ( Fig. 2 ). 
Analysis of the mean responses during the onset (10 first
inutes) and plateau period of restraint stress indicated 
ain effect of treatment (F (2,34) = 6.69, P = 0.003) and
ime (F (1,34) = 4.85, P = 0.034), but without treatment x
ime interaction (F (2,34) = 0.62, P = 0.540) for the HR values
 Fig. 2 ). Nevertheless, analysis did not indicate effect
f either treatment (MAP: F (2,34) = 2.97, P = 0.065; skin
emperature: F (2,34) = 1.22, P = 0.307) or time (MAP:
 (1,34) = 2.54, P = 0.120; skin temperature: F (1,34) = 2.79,
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Table 1 Basal parameters of mean arterial pressure (MAP), heart rate (HR) and tail skin temperature before and after pharma- 
cological treatment of the lateral hypothalamus (LH) with the selective GABA A receptor antagonist SR95531 ( n = 6), the selective 
GABA B receptor antagonist CGP35348 ( n = 7) or vehicle (control, n = 7). 

MAP (mmHg) HR (bpm) Tail skin temperature ( °C) 

Groups before after before after before after 

Control 97 ± 5 99 ± 4 362 ± 2 389 ±3 29 ± 0.6 29 ± 0.4 
t = 0.2, P = 0.78 t = 0.6, P = 0.55 t = 0.1, P = 0.85 

SR95531 111 ± 2 113 ± 2 375 ± 9 404 ± 9 30 ± 0.7 29 ± 0.1 
t = 0.6, P = 0.51 t = 2.2, P = 0.05 t = 1.2, P = 0.2 

CGP35348 108 ± 2 106 ± 2 413 ± 1 409 ± 2 28 ± 0,5 28 ± 0,6 
t = 0.5, P = 0.61 t = 0.1, P = 0.88 t = 0.1, P = 0.88 

Mean ± SEM, Student’s t -test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P = 0.104), or treatment x time interaction (MAP:
F (2,34) = 0.17, P = 0.840; skin temperature: F (2,34) = 0.47,
P = 0.627) for the MAP and tail skin temperature responses
( Fig. 2 ). Post-hoc analysis of the HR response revealed
that LH treatment with SR95531 (onset: P = 0.016, plateau:
P = 0.047), but not with CGP35348 (onset: P = 0.192,
plateau: P = 0.994), decreased the restraint-evoked tachy-
cardic response during both onset and plateau period of the
restraint stress session ( Fig. 2 ). 

Discussion 

Our results provide the first evidence supporting the in-
volvement of GABAergic neurotransmission within the LH
in the control of stress responses. Specifically, we observed
that bilateral microinjection of the selective GABA A recep-
tor antagonist SR95531 into the LH decreased the HR in-
crease during restraint stress, but without affecting the
pressor response or the reduction in tail cutaneous temper-
ature. Nevertheless, LH treatment with the selective GABA B 
receptor antagonist CGP35348 did not affect the restraint-
evoked cardiovascular changes evaluated in the present
study. 

Deolindo et al. (2013) reported that acute bilateral LH
neurotransmission inhibition caused by local treatment with
the nonselective synaptic blocker CoCl 2 enhanced tachycar-
dia evoked by restraint stress without affecting the pressor
response. This effect was mimicked by LH treatment with a
selective NMDA receptor antagonist ( Deolindo et al., 2013 ),
thus supporting the role of local glutamatergic neurotrans-
mission. Taken together, these results provided evidence of
an inhibitory role of the LH in the control of the cardiac re-
sponses to stress, which is mediated, at least partly, by local
glutamatergic neurotransmission. The results reported in
the present study provide further evidence of the inhibitory
role of the LH in the control of the tachycardic response
to stress. Indeed, we identified that antagonism of local in-
hibitory neurotransmission (i.e., GABAergic neurotransmis-
sion), which increase local neuronal activation ( Jones et al.,
2011 ), decreased the restraint-evoked HR increase. More
importantly, the results reported in the present study pro-
vide the first evidence of activation of GABAergic neuro-
transmission within the LH during aversive threats, which is
involved in the processing of stress responses via activation
of the GABA A receptor. In this sense, since the enhanced
tachycardia observed following the nonselective synaptic
blockade within the LH by local microinjection of CoCl 2 
is mimicked by local treatment with a glutamate recep-
tor antagonist ( Deolindo et al., 2013 ), it seems that GABA
release within the LH during stress modulates the effects
mediated by activation of local glutamatergic inputs rather
than mediates the LH control of stress-evoked responses.
In this sense, similar to the control of behavioral responses
( Stanley et al., 2011 ), the role of the LH in stress-evoked
cardiovascular responses seems to be the resulted of the
balance in activation of glutamatergic and GABAergic inputs
to the LH. 

The LH has been linked to the central network that reg-
ulates the cardiovascular responses to stress by connecting
limbic structures, such as the hippocampus and the central
amygdala, to effector structures in the hypothalamus,
brainstem and sympathetic neurons in the intermediolat-
eral column ( Myers, 2017 ). In this sense, GABAergic inputs
within the LH were identified from limbic structures such
as the preoptic area, the anterior hypothalamic area (AHA)
and the bed nucleus of the stria terminalis (BNST) ( Gritti
et al., 1994; Jennings et al., 2013 ). Accordingly, all of these
regions contain a high density of GABA-producing neurons
( Boudaba et al., 1996; Cullinan et al., 1993; Okamura et al.,
1990; Radley et al., 2009 ), and most projections for other
limbic structures are GABAergic ( Boudaba et al., 1996;
Myers et al., 2014; Roland and Sawchenko, 1993 ). Previous
studies reported that activation of either glutamate re-
ceptors within the BNST or angiotensinergic AT 1 receptors
within the AHA during restraint stress enhanced restraint-
evoked cardiovascular responses ( Adami et al., 2017; Kubo
et al., 2001 ). Therefore, it is possible that control of
restraint-evoked cardiovascular responses demonstrated
in the present study by LH GABA A receptors is part of the
neural circuitry related to BNST and AHA control, since ac-
tivation of GABAergic inputs from the BNST and AHA might
inhibit neuronal activation within the LH, which in turn
facilitates cardiovascular responses. On the other hand,
recent studies have reported that local neurotransmission
inhibition in preoptic nuclei (that is, medial and lateral)
enhanced restraint-evoked tachycardia, thus indicating an
inhibitory role ( Duarte et al., 2017; Fassini et al., 2017 ).
Although these findings preclude the idea of an involvement
of LH GABAergic neurotransmission in networks related
to preoptic area control of cardiovascular responses to
stress, the possible role of local excitatory neurochemical
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Fig. 2 Effect of lateral hypothalamus (LH) treatment with selective GABA A and GABA B receptor antagonists in cardiovascular 
changes evoked by acute restraint stress. (Left) Time course curves of changes in mean arterial pressure ( �MAP), heart rate ( �HR), 
and tail skin temperature ( � tail skin temperature) induced by restraint stress in animals that received bilateral microinjection 
of vehicle (control, 100 nL; n = 7 ◦), the selective GABA A receptor antagonist SR95531 (0.01 nmol/100 nL; n = 6 ●) or the selective 
GABA B receptor antagonist CGP35348 (10 nmol/100 nL; n = 7 ●) into the LH. Shaded area indicates the period of restraint. Circles 
represent the mean and bars the standard error of the mean (SEM). # P < 0.05 over the whole restraint period compared to 
vehicle-treated animals, two-way ANOVA followed by Bonferroni’s post hoc test. (Right) Mean �MAP, �HR and � tail temperature 
during onset (10 first minutes) and plateau phase of restraint stress in animals subjected to LH treatment with vehicle (white bars, 
n = 7), SR95531 (black bars, n = 6) or CGP35348 (grey bars, n = 7). Columns represent the mean and bars the SEM. ∗ P < 0.05 versus 
vehicle-treated group, two-way ANOVA followed by Bonferroni’s post hoc test. 
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y preoptic nuclei has never been reported. Despite these 
ndings, further studies are necessary to elucidate the 
entral network related to LH GABAergic neurotransmission 
ontrol of stress-evoked cardiovascular responses. 
The LH is a heterogenous area containing distinct cell 

ypes, including excitatory and inhibitory amino acids; 
s well as neuropeptides, being orexin and melanin- 
oncentrating hormone (MCH) predominantly found in the 
H ( Berthoud and Münzberg, 2011; Stuber and Wise, 2016 ).
rexin neurons project to hypothalamic and brainstem 

utonomic regions, as well as to sympathetic neurons 
n the spinal cord ( Carrive, 2017 ). Previous studies re-
orted decreased cardiovascular responses to several 
sychological stressors in orexin knockout mice, as well as 
ollowing systemic injection of orexin receptor antagonists 
 Beig et al., 2015; Furlong et al., 2009; Kayaba et al.,
003 ). The facilitatory influence of orexin in stress-evoked
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cardiovascular responses precludes the idea of an involve-
ment in the effects reported here, since disinhibition of
orexin neurons evoked by LH treatment with the GABA A 
receptor antagonist is expected to increase, rather than
decrease, cardiovascular responses to restraint stress.
This is further supported by evidence that orexin neu-
rons are not involved in cardiovascular responses evoked
by restraint stress ( Furlong et al., 2009 ). Regarding the
MCH, despite reports that MCH receptor antagonists de-
crease stress-induced hyperthermia ( Smith et al., 2009,
2006 ), its specific role in cardiovascular responses during
aversive threats has never been documented. However,
observations that intracerebroventricular administration
of MCH decreased blood pressure and HR in non-stressed
animals ( Messina and Overton, 2007 ) suggests that the
facilitatory influence of LH GABAergic neurotransmission
in restraint-evoked tachycardic response might be medi-
ated by inhibition of local MCH neurons. In addition to
neuropeptides, we cannot exclude the prominent role
of neurons expressing amino acids, since in addition to
identification of the abundant expression of glutamatergic
and GABAergic neurons within the LH, markers of these
amino acids were identified in orexin and MCH neurons
( Stuber and Wise, 2016 ). Despite these findings, further
studies are necessary to elucidate the local neuronal pop-
ulation involved in control of stress-evoked cardiovascular
responses. 

Both the sympathetic and parasympathetic nervous sys-
tem are involved in cardiovascular responses during aversive
threats ( Crestani, 2016 ). Regarding the HR increase, it was
previously reported that antagonism of muscarinic cholin-
ergic receptors facilitated, while β1 -adrenoceptor block-
ade decreased this response ( Carrive, 2006; Dos Reis et al.,
2014 ), thus indicating coactivation of both sympathetic and
parasympathetic tone to the heart during stress. In this
sense, there is anatomic evidence of projections from the
LH to brainstem regions containing parasympathetic neu-
rons, such as the dorsal motor nucleus and the nucleus
ambiguus ( Luiten et al., 1987; ter Horst et al., 1984 ).
Accordingly, previous studies indicated that the inhibitory
control of HR response to restraint stress by NMDA glu-
tamate receptors within the LH was mediated by facil-
itation of parasympathetic tone to the heart ( Deolindo
et al., 2013 ). Therefore, the facilitatory influence of LH
GABA A receptor in restraint-evoked tachycardia might be
mediated by inhibition of facilitatory drive to parasym-
pathetic neurons in the brainstem. However, considering
that the LH connects directly, and indirectly via regions
in the ventrolateral medulla, to sympathetic neurons in
the intermediolateral column ( Allen and Cechetto, 1992;
Saper et al., 1976 ), we cannot exclude the possibility
that control by LH GABAergic neurotransmission is also
mediated by inhibition of inhibitory drive to sympathetic
neurons. 

In summary, the findings reported in the present study re-
veal the involvement of GABAergic neurotransmission within
the LH in control of cardiovascular changes observed during
aversive threats. Specifically, our results provide evidence
that activation of GABA A , but not GABA B , receptors within
the LH plays a facilitatory role in stress-evoked tachycardia,
but without affecting the arterial pressure increase and the

sympathetically-mediated cutaneous vasoconstriction. 
Contributors 

L.G.S. and C.C.C. conceived and designed this research;
L.G.S., R.B. and W.C.F. performed the experiments and
analysed the data; L.G.S., R.B. and W.C.F. and C.C.C. inter-
preted the results of experiments; L.G.S. prepared the fig-
ures and drafted the manuscript; L.G.S. and C.C.C. edited
and revised the manuscript; C.C.C. approved the final ver-
sion of the manuscript. 

Conflict of interest 

The authors declare no conflicts of interest. 

Role of funding source 

Funding for this study was provided by FAPESP (grants
# 2015/05922-9 and 2017/19249-0 ) and CNPq (grant #
456405/2014-3 ), and Scientific Support and Development
Program of School of Pharmaceutical Sciences ( UNESP ).
LGS and WCF are FAPESP PhD fellow (2016/05028-9 and
2016/05218-2, respectively), RB is a CAPES PhD fellow and
CCC is a CNPq research fellow (process # 305583/2015-8).
The FAPESP, CAPES and CNPq had no further role in study de-
sign; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit
the paper for publication. 

References 

Adami, M.B., Barretto-De-Souza, L., Duarte, J.O., Almeida, J.,
Crestani, C.C., 2017. Both N-methyl-d-aspartate and non-N-
methyl-d-aspartate glutamate receptors in the bed nucleus of
the stria terminalis modulate the cardiovascular responses to
acute restraint stress in rats. J. Psychopharmacol. 31, 674–681.
doi: 10.1177/0269881117691468 . 

Allen, G.V, Cechetto, D.F., 1992. Functional and anatomical or-
ganization of cardiovascular pressor and depressor sites in the
lateral hypothalamic area: I. Descending projections. J. Comp.
Neurol. 315, 313–332. doi: 10.1002/cne.903150307 . 

Beig, M.I., Dampney, B.W., Carrive, P., 2015. Both Ox1r and Ox2r
orexin receptors contribute to the cardiovascular and locomo-
tor components of the novelty stress response in the rat. Neu-
ropharmacology 89, 146–156. doi: 10.1016/j.neuropharm.2014.
09.012 . 

Berthoud, H.-R., Münzberg, H., 2011. The lateral hypothalamus as
integrator of metabolic and environmental needs: from electri-
cal self-stimulation to opto-genetics. Physiol. Behav. 104, 29–39.
doi: 10.1016/j.physbeh.2011.04.051 . 

Blessing, W.W., 2003. Lower brainstem pathways regulating sympa-
thetically mediated changes in cutaneous blood flow. Cell. Mol.
Neurobiol. 23, 527–538. doi: 10.1023/A:1025020029037 . 

Boudaba, C. , Szabó, K. , Tasker, J.G. , Szabo, K. , Tasker, J.G. , 1996.
Physiological mapping of local inhibitory inputs to the hypotha-
lamic paraventricular nucleus. J. Neurosci. 16, 7151–7160 . 

Briski, K., Gillen, E., 2001. Differential distribution of Fos expres-
sion within the male rat preoptic area and hypothalamus in
response to physical vs. psychological stress. Brain Res. Bull.
doi: 10.1016/S0361- 9230(01)00532- 9 . 

Burt, J., Alberto, C.O., Parsons, M.P., Hirasawa, M., 2011. Local
network regulation of orexin neurons in the lateral hypotha-
lamus. Am. J. Physiol. Integr. Comp. Physiol. 301, R572–R580.
doi: 10.1152/ajpregu.00674.2010 . 

http://dx.doi.org/10.13039/501100001807
http://dx.doi.org/10.13039/501100003593
http://dx.doi.org/10.13039/501100009523
https://doi.org/10.1177/0269881117691468
https://doi.org/10.1002/cne.903150307
https://doi.org/10.1016/j.neuropharm.2014.09.012
https://doi.org/10.1016/j.physbeh.2011.04.051
https://doi.org/10.1023/A:1025020029037
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0006
https://doi.org/10.1016/S0361-9230(01)00532-9
https://doi.org/10.1152/ajpregu.00674.2010


Lateral hypothalamus and stress responses 679 

B

C

C

 

C
 

C

C  

 

C

 

D

D

D  

D
 

 

D
 

D
 

F

F

F
 

F  

 

 

G  

 

 

 

G  

 

 

H  

 

 

 

I  

 

 

J  

 

J  

K  

 

 

 

K  

 

K  

 

 

L  

 

 

L  

 

M  

M  

 

M
 

M  

 

 

usnardo, C., Crestani, C.C., Scopinho, A.A., Packard, B.A., Ress- 
tel, L.B.M., Correa, F.M.A., Herman, J.P., 2019. Nitrergic neuro- 
transmission in the paraventricular nucleus of the hypothalamus 
modulates autonomic, neuroendocrine and behavioral responses 
to acute restraint stress in rats. Prog. Neuro-Psychopharmacol. 
Biol. Psychiatry 90, 16–27. doi: 10.1016/J.PNPBP.2018. 
11.001 . 

arrive, P., 2017. Orexin, stress and central cardiovascular control. 
A link with hypertension? Neurosci. Biobehav. Rev. 74, 376–392. 
doi: 10.1016/j.neubiorev.2016.06.044 . 

arrive, P., 2006. Dual activation of cardiac sympathetic and 
parasympathetic components during conditioned fear to con- 
text in the rat. Clin. Exp. Pharmacol. Physiol. 1251–1254. doi: 10.
1111/j.1440-1681.2006.04519.x . 

restani, C.C., 2016. Emotional stress and cardiovascular complica- 
tions in animal models: a review of the influence of stress type.
Front. Physiol. 7, 251. doi: 10.3389/fphys.2016.00251 . 

restani, C.C., Deolindo, M.V, Alves, F.H., Resstel, L.B., Cor- 
rea, F.M., 2009. Non- N -methyl-d-aspartate glutamate recep- 
tors in the lateral hypothalamus modulate cardiac baroreflex 
responses in conscious rats. Clin. Exp. Pharmacol. Physiol. 36, 
1079–1085. doi: 10.1111/j.1440-1681.2009.05191.x . 

ullinan, W.E., Herman, J.P., Battaglia, D.F., Akil, H., Watson, S.J.,
1995. Pattern and time course of immediate early gene expres-
sion in rat brain following acute stress. Neuroscience 64, 477–
505. doi: 10.1016/0306- 4522(94)00355- 9 . 

ullinan, W.E., Herman, J.P., Watson, S.J., 1993. Ventral subicular 
interaction with the hypothalamic paraventricular nucleus: ev- 
idence for a relay in the bed nucleus of the stria terminalis. J.
Comp. Neurol. 332, 1–20. doi: 10.1002/cne.903320102 . 

ampney, R.A.L., 2015. Central mechanisms regulating coordi- 
nated cardiovascular and respiratory function during stress and 
arousal. Am. J. Physiol. Regul. Integr. Comp. Physiol. 309, R429–
R443. doi: 10.1152/ajpregu.00051.2015 . 

ampney, R.A.L., Horiuchi, J., McDowall, L.M., 2008. Hypothala- 
mic mechanisms coordinating cardiorespiratory function during 
exercise and defensive behaviour. Auton. Neurosci. 142, 3–10. 
doi: 10.1016/j.autneu.2008.07.005 . 

ecavel, C., Van Den Pol, A.N., 1990. GABA: a dominant neurotrans-
mitter in the hypothalamus. J. Comp. Neurol. doi: 10.1002/cne. 
903020423 . 

eolindo, M.V, Reis, D.G., Crestani, C.C., Tavares, R.F., Ress- 
tel, L.B.M., Corrêa, F.M.A., 2013. NMDA receptors in the lateral
hypothalamus have an inhibitory influence on the tachycardiac 
response to acute restraint stress in rats. Eur. J. Neurosci. 38,
2374–2381. doi: 10.1111/ejn.12246 . 

os Reis, D.G., Fortaleza, E.A.T., Tavares, R.F., Corrêa, F.M.A., 
2014. Role of the autonomic nervous system and baroreflex in
stress-evoked cardiovascular responses in rats. Stress 17, 362–
372. doi: 10.3109/10253890.2014.930429 . 

uarte, J.O., Gomes, K.S., Nunes-de-Souza, R.L., Crestani, C.C., 
2017. Role of the lateral preoptic area in cardiovascular and
neuroendocrine responses to acute restraint stress in rats. Phys- 
iol. Behav. 175, 16–21. doi: 10.1016/j.physbeh.2017.03.030 . 

assini, A., Scopinho, A.A., Alves, F.H.F., Fortaleza, E.A.T., Cor- 
rêa, F.M.A., 2017. The medial preoptic area modulates au- 
tonomic function under resting and stress conditions. Neuro- 
science 364, 164–174. doi: 10.1016/j.neuroscience.2017.09.026 . 

ontes, M.A.P., Xavier, C.H., de Menezes, R.C.A., DiMicco, J.A., 
2011. The dorsomedial hypothalamus and the central pathways 
involved in the cardiovascular response to emotional stress. 
Neuroscience 184, 64–74. doi: 10.1016/j.neuroscience.2011.03. 
018 . 

urlong, T.M., McDowall, L.M., Horiuchi, J., Polson, J.W., Damp- 
ney, R.A.L., 2014. The effect of air puff stress on c-Fos expres-
sion in rat hypothalamus and brainstem: central circuitry medi- 
ating sympathoexcitation and baroreflex resetting. Eur. J. Neu- 
rosci. 39, 1429–1438. doi: 10.1111/ejn.12521 . 
urlong, T.M., Vianna, D.M.L., Liu, L., Carrive, P., 2009. Hypocretin
/orexin contributes to the expression of some but not all forms
of stress and arousal. Eur. J. Neurosci. 30, 1603–1614. doi: 10.
1111/j.1460-9568.2009.06952.x . 

omes-de-Souza, L., Oliveira, L.A., Benini, R., Rodella, P., Costa-
Ferreira, W., Crestani, C.C., 2016. Involvement of endocannabi-
noid neurotransmission in the bed nucleus of stria terminalis in
cardiovascular responses to acute restraint stress in rats. Br. J.
Pharmacol. 173, 2833–2844. doi: 10.1111/bph.13560 . 

ritti, I., Mainville, L., Jones, B.E., 1994. Projections of GABAer-
gic and cholinergic basal forebrain and GABAergic preoptic- 
anterior hypothalamic neurons to the posterior lateral hypotha-
lamus of the rat. J. Comp. Neurol. 339, 251–268. doi: 10.1002/
cne.903390206 . 

eaulme, M., Chambon, J.-P., Leyris, R., Molimard, J.-C., Wer-
muth, C.G., Biziere, K., 1986. Biochemical characterization of
the interaction of three pyridazinyl-GABA derivatives with the
GABAA receptor site. Brain Res. 384, 224–231. doi: 10.1016/
0006- 8993(86)91158- 3 . 

wata, J. , LeDoux, J.E. , Reis, D.J. , 1986. Destruction of intrinsic
neurons in the lateral hypothalamus disrupts the classical con-
ditioning of autonomic but not behavioral emotional responses
in the rat. Brain Res. 368, 161–166 . 

ennings, J.H., Rizzi, G., Stamatakis, A.M., Ung, R.L., Stuber, G.D.,
2013. The inhibitory circuit architecture of the lateral hypotha-
lamus orchestrates feeding. Science 341, 1517–1521. doi: 10. 
1126/science.1241812 , (80-.) . 

ones, K.R., Myers, B., Herman, J.P., 2011. Stimulation of the
prelimbic cortex differentially modulates neuroendocrine re- 
sponses to psychogenic and systemic stressors. Physiol. Behav. 
104, 266–271. doi: 10.1016/j.physbeh.2011.03.021 . 

ayaba, Y., Nakamura, A., Kasuya, Y., Ohuchi, T., Yanagisawa, M.,
Komuro, I., Fukuda, Y., Kuwaki, T., 2003. Attenuated defense
response and low basal blood pressure in orexin knockout mice.
Am. J. Physiol. Integr. Comp. Physiol. 285, R581–R593. doi: 10.
1152/ajpregu.00671.2002 . 

onadhode, R.R., Pelluru, D., Shiromani, P.J., 2015. Neurons con-
taining orexin or melanin concentrating hormone reciprocally 
regulate wake and sleep. Front. Syst. Neurosci. 8. doi: 10.3389/
fnsys.2014.00244 . 

ubo, T., Numakura, H., Endo, S., Hagiwara, Y., Fukumori, R.,
2001. Angiotensin receptor blockade in the anterior hypothala-
mic area inhibits stress-induced pressor responses in rats. Brain
Res. Bull. 56, 569–574. doi: 10.1016/S0361- 9230(01)00729- 8 . 

eDoux, J.E., Iwata, J., Cicchetti, P., Reis, D.J., 1988. Different
projections of the central amygdaloid nucleus mediate auto-
nomic and behavioral correlates of conditioned fear. J. Neu-
rosci. doi: 10.1523/jneurosci.1001-06.2006 . 

uiten, P.G.M., ter Horst, G.J., Steffens, A.B., 1987. The hy-
pothalamus, intrinsic connections and outflow pathways to 
the endocrine system in relation to the control of feeding
and metabolism. Prog. Neurobiol. doi: 10.1016/0301-0082(87) 
90004-9 . 

essina, M.M., Overton, J.M., 2007. Cardiovascular effects of
melanin-concentrating hormone. Regul. Pept. 139, 23–30. 
doi: 10.1016/J.REGPEP.2006.08.013 . 

otta, S.C., Canteras, N.S., 2015. Restraint stress and social de-
feat: what they have in common. Physiol. Behav. 146, 105–110.
doi: 10.1016/j.physbeh.2015.03.017 . 

yers, B., 2017. Corticolimbic regulation of cardiovascular re- 
sponses to stress. Physiol. Behav. 172, 49–59. doi: 10.1016/j.
physbeh.2016.10.015 . 

yers, B., Mark Dolgas, C., Kasckow, J., Cullinan, W.E., Her-
man, J.P., 2014. Central stress-integrative circuits: forebrain 
glutamatergic and GABAergic projections to the dorsomedial hy-
pothalamus, medial preoptic area, and bed nucleus of the stria
terminalis. Brain Struct. Funct. 219, 1287–1303. doi: 10.1007/ 
s00429- 013- 0566- y . 

https://doi.org/10.1016/J.PNPBP.2018.penalty -@M 11.001
https://doi.org/10.1016/j.neubiorev.2016.06.044
https://doi.org/10.1111/j.1440-1681.2006.04519.x
https://doi.org/10.3389/fphys.2016.00251
https://doi.org/10.1111/j.1440-1681.2009.05191.x
https://doi.org/10.1016/0306-4522(94)00355-9
https://doi.org/10.1002/cne.903320102
https://doi.org/10.1152/ajpregu.00051.2015
https://doi.org/10.1016/j.autneu.2008.07.005
https://doi.org/10.1002/cne.903020423
https://doi.org/10.1111/ejn.12246
https://doi.org/10.3109/10253890.2014.930429
https://doi.org/10.1016/j.physbeh.2017.03.030
https://doi.org/10.1016/j.neuroscience.2017.09.026
https://doi.org/10.1016/j.neuroscience.2011.03.018
https://doi.org/10.1111/ejn.12521
https://doi.org/10.1111/j.1460-9568.2009.06952.x
https://doi.org/10.1111/bph.13560
https://doi.org/10.1002/cne.903390206
https://doi.org/10.1016/0006-8993(86)91158-3
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0029
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0029
https://doi.org/10.1126/science.1241812
https://doi.org/10.1016/j.physbeh.2011.03.021
https://doi.org/10.1152/ajpregu.00671.2002
https://doi.org/10.3389/fnsys.2014.00244
https://doi.org/10.1016/S0361-9230(01)00729-8
https://doi.org/10.1523/jneurosci.1001-06.2006
https://doi.org/10.1016/0301-0082(87)90004-9
https://doi.org/10.1016/J.REGPEP.2006.08.013
https://doi.org/10.1016/j.physbeh.2015.03.017
https://doi.org/10.1016/j.physbeh.2016.10.015
https://doi.org/10.1007/s00429-013-0566-y


680 L. Gomes-de-Souza, R. Benini and W. Costa-Ferreira et al. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Okamura, H., Abitbol, M., Julien, J.F., Dumas, S., Bérod, A., Gef-
fard, M., Kitahama, K., Bobillier, P., Mallet, J., Wiklund, L.,
1990. Neurons containing messenger RNA encoding glutamate
decarboxylase in rat hypothalamus demonstrated by in situ hy-
bridization, with special emphasis on cell groups in medial pre-
optic area, anterior hypothalamic area and dorsomedial hy-
pothalamic nucleus. Neuroscience 39, 675–699. doi: 10.1016/
0306- 4522(90)90252- Y . 

Olpe, H.-R., Karlsson, G., Pozza, M.F., Brugger, F., Steinmann, M.,
Van Riezen, H., Fagg, G., Hall, R.G., Froestl, W., Bittiger, H.,
1990. CGP 35348: a centrally active blocker of GABAB recep-
tors. Eur. J. Pharmacol. 187, 27–38. doi: 10.1016/0014-2999(90)
90337-6 . 

Paxinos, G. , Watson, C. , 1997. The Rat Brain in Stereotaxic Coordi-
nates, 3rd ed. Acad. Press, San Diego . 

Radley, J.J., Gosselink, K.L., Sawchenko, P.E., 2009. A discrete
GABAergic relay mediates medial prefrontal cortical inhibition
of the neuroendocrine stress response. J. Neurosci. 29, 7330–
7340. doi: 10.1523/JNEUROSCI.5924-08.2009 . 

Roland, B.L., Sawchenko, P.E., 1993. Local origins of some GABAer-
gic projections to the paraventricular and supraoptic nuclei of
the hypothalamus in the rat. J. Comp. Neurol. 332, 123–143.
doi: 10.1002/cne.903320109 . 

Saper, C.B. , Loewy, A.D. , Swanson, L.W. , Cowan, W.M. , 1976. Direct
hypothalamo-autonomic connections. Brain Res. 117, 305–312 . 

Smith, D.G., Davis, R.J., Rorick-Kehn, L., Morin, M., Witkin, J.M.,
McKinzie, D.L., Nomikos, G.G., Gehlert, D.R., 2006. Melanin-
concentrating hormone-1 receptor modulates neuroendocrine,
behavioral and corticolimbic neurochemical stress responses in
mice. Neuropsychopharmacology 31, 1135–1145. doi: 10.1038/
sj.npp.1300913 . 

Smith, D.G., Hegde, L.G., Wolinsky, T.D., Miller, S., Papp, M.,
Ping, X., Edwards, T., Gerald, C.P., Craig, D.A., 2009. The
effects of stressful stimuli and hypothalamic–pituitary–adrenal
axis activation are reversed by the melanin-concentrating hor-
mone 1 receptor antagonist SNAP 94847 in rodents. Behav. Brain
Res. 197, 284–291. doi: 10.1016/j.bbr.2008.08.026 . 

Stanley, B.G., Urstadt, K.R., Charles, J.R., Kee, T., 2011. Glutamate
and GABA in lateral hypothalamic mechanisms controlling food
intake. Physiol. Behav. 104, 40–46. doi: 10.1016/j.physbeh.2011.
04.046 . 

Sterling, P., 2012. Allostasis: a model of predictive regulation. Phys-
iol. Behav. 106, 5–15. doi: 10.1016/j.physbeh.2011.06.004 . 

Stuber, G.D., Wise, R.A., 2016. Lateral hypothalamic circuits for
feeding and reward. Nat. Neurosci. 19, 198–205. doi: 10.1038/
nn.4220 . 

ter Horst, G.J., Luiten, P.G.M., Kuipers, F., 1984. Descending path-
ways from hypothalamus to dorsal motor vagus and ambiguus
nuclei in the rat. J. Auton. Nerv. Syst. 11, 59–75. doi: 10.1016/
0165- 1838(84)90008- 0 . 

Ulrich-Lai, Y.M., Herman, J.P., 2009. Neural regulation of endocrine
and autonomic stress responses. Nat. Rev. Neurosci. doi: 10.
1038/nrn2647 . 

Vianna, D.M.L., Carrive, P., 2005. Changes in cutaneous and body
temperature during and after conditioned fear to context in the
rat. Eur. J. Neurosci. 21, 2505–2512. doi: 10.1111/j.1460-9568.
2005.04073.x . 

Zhong, M.-K., Shi, Z., Zhou, L.-M., Gao, J., Liao, Z.-H., Wang, W.,
Gao, X.-Y., Zhu, G.-Q., 2008. Regulation of cardiac sympa-
thetic afferent reflex by GABA(A) and GABA(B) receptors in par-
aventricular nucleus in rats. Eur. J. Neurosci. 27, 3226–3232.
doi: 10.1111/j.1460-9568.2008.06261.x . 

Zhou, H., Sun, H., Chang, J., Ding, L., Gao, Q., Tang, C., Zhu, G.,
Zhou, Y., 2014. Cardiac sympathetic afferent reflex response to
intermedin microinjection into paraventricular nucleus is medi-
ated by nitric oxide and γ -amino butyric acid in hypertensive
rats. Exp. Biol. Med. (Maywood). 239, 1352–1359. doi: 10.1177/
1535370214533882 . 

https://doi.org/10.1016/0306-4522(90)90252-Y
https://doi.org/10.1016/0014-2999(90)90337-6
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0043
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0043
https://doi.org/10.1523/JNEUROSCI.5924-08.2009
https://doi.org/10.1002/cne.903320109
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0046
http://refhub.elsevier.com/S0924-977X(19)30189-0/sbref0046
https://doi.org/10.1038/sj.npp.1300913
https://doi.org/10.1016/j.bbr.2008.08.026
https://doi.org/10.1016/j.physbeh.2011.04.046
https://doi.org/10.1016/j.physbeh.2011.06.004
https://doi.org/10.1038/nn.4220
https://doi.org/10.1016/0165-1838(84)90008-0
https://doi.org/10.1038/nrn2647
https://doi.org/10.1111/j.1460-9568.2005.04073.x
https://doi.org/10.1111/j.1460-9568.2008.06261.x
https://doi.org/10.1177/1535370214533882

	GABAA but not GABAB receptors in the lateral hypothalamus modulate the tachycardic response to emotional stress in rats
	Introduction
	Experimental procedures
	Animals
	Surgical preparation
	Blood pressure and heart rate recording
	Tail cutaneous temperature measurement
	Drugs and solutions
	Drug microinjection into the lateral hypothalamus
	Restraint stress
	Experimental protocols
	Histological determination of the microinjection sites
	Data analysis

	Results
	Discussion
	Contributors
	Conflict of interest
	Role of funding source
	References


