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Abstract: Background: The gut-brain axis plays a potential role in numerous 
physiological and pathological conditions. Several substances link stomach with central 
nervous system. In particular, hypothalamo-pituitary-adrenocortical axis, thyrotropin-
releasing factor-containing nerve fibers and capsaicin-sensitive nerves are principal 
mediators of the harmful and protective central nervous system-mediated effects on 
gastric mucosa. Also, existing evidence indicates that nitric oxide, prostaglandins and 
calcitonin gene-related peptide play a role as final effectors of gastric protection. 

Methods: We undertook a structured search of bibliographic databases for peer-
reviewed research literature with the aim of focusing on the role of gut-brain axis in 
gastric damage and protection. In particular, we examined manuscripts dealing with 
the role of steroids, thyrotropin-releasing hormone, prostaglandins, melatonin, hydrogen sulfide and 
peptides influencing food intake (i.e. leptin, cholecystokinin, peptide YY, central glucagon–like peptide-1, 
and ghrelin). Also, the role of GABAergic and glutamatergic pathways in gastric mucosal protection have 
been examined.  

Results: We found and reviewed 61 peer-reviewed papers dealing with the major aspects related to the 
role of gut brain axis in gastric mucosal damage and protection. 

Conclusions: A dense neuronal network links stomach with central nervous system and a number of 
neurotransmitters and peptides functionally and anatomically related to central nervous system play a 
major role in contributing to gastric mucosal integrity.  

Exploiting the mechanisms underlying the connection between brain and gut may lead to a better 
understanding of the pathophysiology of gastric mucosal injury and  to an improvement in the prevention 
and, eventually, management of gastric damage. 

Keywords: CNS, gastric damage, gastric protection, gut-brain, hydrogen sulfide, melatonin, thyrotropin-releasing hormone. 

INTRODUCTION 

 In the last two decades much attention has been focused 
on the mutual influence of the gastrointestinal tract and 
Central Nervous System (CNS), the so-called “gut-brain 
axis”. This communication is made possible by a dense 
neural network which consists of the afferent nerves sending 
information from gut to the brain and vice versa. This 
complex system is formed by a large number of peptides 
with respective receptors expressed on the afferent terminal 
in the gut wall. Vagal and spinal nerves are the two main 
pathways involved in the transmission of stimuli [1]. In this 
article our attention is directed specifically to the description 
of the stomach-brain axis. 

 
 

*Address correspondence to this author at the Division of Hepato-
Gastroenterology, Department of Clinical and Experimental Medicine, Second 
University of Naples, Via Pansini 5, 80131 Naples, Italy; Tel: +390815666718; 
Fax: +390815666714; E-mail: marco.romano@unina2.it 

 The stomach is a muscular, hollow, dilated part of the 
gastrointestinal tract which plays a major role in the initial 
digestion of food. Sensations such as hunger, satiety and 
food intake are examples of the connection between the 
stomach and the brain: the digestive tract senses the luminal 
contents (volume, wall tensions, acidity, osmolarity) and 
sends the related information to the CNS. This crosstalk is 
bidirectional and information coming from the CNS 
triggered by food may change the secretory activity of the 
stomach increasing acid production, and may induce the 
release of gastrointestinal hormones [2]. 
 It is clear that these interactions are active in both 
physiological and pathological conditions. It is well known 
that stomach dysfunction could be a risk factor for 
behavioral disorders in rats [3, 4]. Moreover, psychological 
distress, as manifested by anxiety and depression, is 
associated with functional gastrointestinal disorders [5, 6] 
via limbic system. Furthermore, psychological distress is 
involved in the regulation of visceral pain. Geeraerts et al. 
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describe an arousal-anxiety-driven failure of pain modulation 
by means of H2O-positron emission tomography in functional 
dyspepsia [7]. 

 Gut-brain axis may also be involved in the mechanisms 
underlying gastric damage and protection. Gastric ulcer can 
be caused by multiple factors such as Helicobacter pylori (H. 
pylori) infection, use of nonsteroidal anti-inflammatory 
drugs (NSAIDs), and smoking. To date, there is no robust 
evidence indicating that psychological stress may induce 
gastric lesions. A recent observational 11-years long study, 
showed a correlation between stress and the onset of ulcer. 
From 1982 to 1993, 76 patients out of a population of 3379 
Danish people developed ulcers. A stress questionnaire was 
submitted to all participants: the incidence of ulcers was 
1.6% in the lowest tertile and 3.5% in the highest tertile (OR 
2.2, p = 0.004). Furthermore a multivariate analysis showed 
that stress, H. pylori infection, smoking and NSAIDs were 
independent predictors of the onset of ulcer [8]. Similar data 
had been shown by previous studies which however did not 
consider altogether most confounding factors, such as 
NSAIDs, H. pylori infection, and socioeconomic status [9-
11]. These results suggest a close link between the brain and 
the stomach and this is probably made possible through 
multiple mechanisms. 

Gastric Mucosal Protection 

 Several mechanisms are involved in the ability of the 
stomach to resist exogenous injury and to recover anatomic 
and functional integrity after damage. The first line of 
protection consists of a layer of bicarbonate, mucus gel and 
surfactant phospholipids. The second line is related to the 
efficiency of the submucosal blood flow which in turn 
depends on the production of a number of mediators such as 
prostaglandins (PGs), sensory neuropeptides and nitric oxide 
(NO). The ability of the gastric mucosa to resist injury 
independently of the inhibition of acid secretion is referred 
to as gastric cytoprotection. For many years, PGs have been 
regarded to as the only gastric protection mediators. To date 
it is known that gastric cytoprotection is reduced, or completely 
abolished, after vagotomy or sympathectomy. This fact 
demonstrates the presence of additional mediators of protection 
which are independent of cyclo-oxygenase (COX)-derived 
products. Generally, we may differentiate the gastric protection 
activity in PG-dependent (vagus-mediated) and PG-independent 
(mediated by spinal afferent nerves). In the following 
paragraphs we analyze in detail the different agents which 
through the brain-stomach connection may play a role in the 
maintenance of the integrity of gastric mucosa. 

Hypothalamo-Pituitary-Adrenocortical (HPA) System 
 HPA axis is a major part of the neuroendocrine system 
that controls reactions to stress and regulates many body 
processes. For many years its activation was identified as a 
harmful ulcerogenic factor for strength correlation between 
glucocorticoids level and gastric ulceration [12, 13]. In the 
last twenty years, mounting evidence has demonstrated the 
protective effect of glucocorticoids on the gastric mucosa. 
The inhibition of stress-induced corticosterone release (i.e., 
by lesion of hypothalamic paraventricular nucleus, immuno- 
neutralization of ACTH, cortisol pre-treatment, inhibition of 

Corticotropin-Releasing Hormone [CRH] synthesis), is 
associated to the development of gastric erosions in the 
experimental animal. In particular, Filaretova et al. showed 
an increase in the number of stress-mediated gastric erosions 
during glucocorticoid deficiency induced by high dose cortisone 
through the inhibition of HPA. This effect was reverted by 
steroid replacement [14, 15]. Stress-induced corticosterone 
production plays a protective effect on gastric mucosa and it 
does not cause any damage as it is the case for hormonal 
therapy at pharmacological doses. The mechanisms underlying 
the gastroprotective effect of endogenous cortisol are mainly 
related to the maintenance of submucosal and mucosal blood 
flow [15], glucose homeostasis during stress, enhancement of 
mucus production and attenuation of microvascular permeability 
and gastric motility [16]. Moreover, there are data suggesting 
a cooperative interaction between glucocorticoids and PGs in 
gastroprotection. It seems that a deficiency of one protective 
factor can lead to an apparently compensatory increase of the 
other [17]. 

Thyrotropin-releasing Hormone (TRH) 
 TRH is a trophic hormone, produced by the hypothalamus. 
TRH stimulates the release of thyroid-stimulating hormone 
(TSH) and prolactin from the anterior pituitary gland. Its role 
in gastric protection has been investigated in the past. There 
are TRH-containing nerve fibers that originate from 
brainstem nuclei (i.e., raphe pallidus, raphe obscurus and 
parapyramidal). These fibers innervate the dorsal vagal 
complex (DVC –formed by dorsal nucleus of the vagus 
[DMN] and the nucleus tractus solitarius [NTS]) where 
axons spread to the stomach wall with a direct postsynaptic 
excitatory action (Fig. 1). In 1994, Tachè et al. showed that 
injection of high doses of TRH caused vagally mediated 
gastric injuries similar to those obtained with cold restraint 
stress. On the other side, an intracisternal injection of a 
subthreshold dose induced vagally-mediated gastric protection 
[18]. Also, immune-neutralization of TRH in DVC prevented 
adaptive gastric protection (i.e., the phenomenon by which 
pre-treatment with a mild irritant protects the stomach  
from the subsequent challenge with a strong irritant) thus 
reinforcing the concept that TRH may play a gastroprotective 
effect [19]. Recent evidence supports a link between TRH 
endogenous activation and cephalic phase of digestion. In 
brief, through diencephalic and telencephalic regions, DVC 
receives gustatory afferent stimuli from oral cavity. 
Therefore, these circuits are potential pathways for sensorial 
cephalic phase information (i.e. of gustatory, olfactory and 
visual nature) and influence TRH containing fibers in DVC 
or medullary raphe neurons [20]. 

 To date, it is known that TRH is at the upstream of a 
peptide cascade that leads, through various routes, to gastric 
protection. In fact, TRH plays a role in gastric protection 
both stimulating vagal pathway and recruiting capsaicin-
sensitive afferent fibers. This mechanism leads to the release 
of gastric protection mediators such as PGs, NO and 
calcitonin gene-related peptide (CGRP) [21]. 

PGs 
 PGs are a group of physiologically active lipid compounds 
having diverse hormone-like effects in animals. They are 
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found in most tissues and organs, are produced by almost all 
nucleated cells and synthesized in the cell starting from 
essential fatty acids. It is known that PGs acts on gastric 
protection trough inhibition of basal and stimulated acid 
secretion, stimulation of gastric mucus and bicarbonate 
secretion, and increase in gastric microcirculation. Moreover, 
PGs stimulate epithelial cell migration and proliferation 
together with angiogenesis, thus contributing to mucosal 
healing. PGs are also implicated in adaptative cytoprotection [22]. 
Although there is evidence of the ability of PGs to modulate 
catecholaminergic [23], serotoninergic [24], cholinergic [25] 
and, recently, dopaminergic [26] neurotransmission, the link 
between central/peripheral PGs and gut-brain axis is not 
completely clear. In 2005, Dajani et al. concluded that the 
effects of PGs in the gastrointestinal tract are essentially 
mediated by direct effects on cells or organs rather than by a 
direct effect on the CNS [27]. Therefore, local PGs would be 
the end-effectors of a peptide cascade arising from CNS 
eventually leading to gastric mucosal protection. On the 
other hand, Tanaka et al. showed a possible involvement of 
PGs in the protection against cold restraint stress-induced 
gastric lesions by prior exposure of the animals to mild stress 
[28]. The protective effects of preconditioning might also 
have been contributed to by TRH release. 

CGRP 

 CGRP is the principal effector in capsaicin-sensitive 
fibers and is widely distributed in the gastrointestinal tract. 
Cell body of capsaicine-sensitive neurons is contained in 
dorsal root (DR) ganglions. From there, nervous terminals 
arise and reach the stomach entering in contact with vagal 
afferents from DMN. This interaction could explain why 
pharmacological blockade of peripheral CGRP receptors 
counteracted the increased gastric mucosal blood flow 
induced by medullary TRH [29]. It has been reported that 
nodose ganglion displayed positive immunoreactivity for 
CGPR supporting the hypothesis that vagal afferents are 
another source of CGRP [30]. Protective effects on gastric 
mucosa by CGRP are predominantly mediated by inhibition 
of acid secretion and increase of gastric mucosal blood. In 
addition, there are recent evidences of anti-apoptotic, anti-
platelet aggregation, anti-oxidant, anti-proliferation and anti-
senescence effects of CGRP [31, 32]. An important mediator 
of CGRP gastroprotective effect is NO. In fact, CGRP 
increases NO through a decrease in the generation of 
asymmetric dimethylarginine (ADMA) which is an 
endogenous NO synthase (NOS) inhibitor [33]. Nitric oxide 
is released from vascular endothelium, sensory afferent 
nerves and gastric epithelium, as well. It plays a major role 

 

Fig. (1). Gastric mucosal protection and brain neuropeptides. Gustatory, olfactory and visual  informations, by diencephalic and 
telencephalic projections, reach raphe pallidus and activate thyrotropin-releasing factor (TRH)-containing fibers. TRH stimulates dorsal 
vagal complex [formed by dorsal nucleus of the vagus (DMN) and nucleus tractus solitarius (NTS)], where vagal-mediated activation of 
endogenous gastric prostaglandin E2 (PGE2) and nitric oxide (NO) arise. Moreover, vagal afferent pathway recruits calcitonin gene-related 
peptides (CGRP)-containing capsaicine-sensitive splanchnic gastric afferents. The spinal sensory neurons have their cell bodies in the dorsal 
root (DR) ganglia and reach the stomach via the splanchnic and mesenteric nerves. In contrast to vagally-mediated gastroprotective effects,  
protection following stimulation of afferent sensory neurons by capsaicin is independent of the gastric PG system. NO appears to be the final 
effector of CGRP pathway; in fact, protective effect is blocked by a NO-inhibitor, N-nitro-L-arginine methylester (L-NAME). 
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in gastric mucosal protection, mainly by increasing gastric 
mucosal blood flow. 

Melatonin 

 Melatonin is an indole released by the pineal gland with a 
circadian rhythm. It is a potent scavenger of reactive oxygen 
species (ROS) and also attenuates lipid membrane peroxidation-
induced mucosal damage. Melatonin is also produced in the 
gut starting from dietary L-tryptophan through the activity of 
N-acetytransferase and hydroxylindolo-O-methyltransferase. 
Melatonin has been reported to exert gastroprotective effects 
[34]. However, it is not completely clear whether this effect 
is central or peripheral. In pinealectomized rats there is no 
change in the melatonin gut concentration and, therefore, 
central release does not seem to affect the tissue concentration 
of melatonin in the gut [35]. Otsuka et al. investigated the 
roles of melatonin and of the pineal gland in the circadian 
variation of water-immersion restraint stress (WRS)-induced 
gastric mucosal lesions in rats. Lesion area increased in 
pinealectomized rats during dark phase, compared to the 
sham operation; this effect was reversed by intracisternal 
melatonin pre-administration [36]. Moreover, it is described 
that intracerebroventricular melatonin injection reduces 
gastric lesions induced by high dose of TRH [37]. Therefore, 
melatonin contributes to gastric protection also via a 
mechanism involving the CNS. Melatonin-dependent 
protective effect on gastric mucosa is considered to be 
receptor specific. In fact, this effect is abolished by 
luzindole, a specific antagonist of melatonin MT2 receptor. 
In addition to its antioxidant capacity, melatonin action is 
mediated by activation of PGs and NO with enhancement of 
gastric microcirculation [38]. Brzozowski et al. showed that 
indomethacin abolished the protective effect of melatonin, 
thus supporting the involvement of endogenous PGs in 
melatonin beneficial effect against gastric injury. The 
authors also described a reduction of gastric hyperemia 
induced by melatonin in capsaicin-denervated rats, thus 
suggesting a CGRP pathway involvement in the attenuation 
of WRS-induced gastric lesions [39]. Recently, Zhang et al. 
investigated the effect of melatonin on noise stress-induced 
gastric ulcer in rats. Rats were exposed to noise stress (120 
dB) for 8 hours every day. The authors showed that the area 
of damaged gastric mucosa was reduced by melatonin 
treatment respect to untreated control rats. Moreover, 
melatonin suppressed HPA axis activation and reversed 
CGRP concentration which was reduced by noise-stress [40]. 
These data support the hypothesis that melatonin plays a role 
in gastroprotection and that this effect is mediated by 
capsaicin sensitive nerves. 

Hydrogen Sulfide (H2S) 

 H2S is an endogenous gas which plays a potential role in 
systemic inflammation mechanisms. Aboukakr et al. 
showed, for the first time, that H2S exogenous administration 
and H2S endogenous release are gastroprotective against cold 
restraint stress (CRS)-induced gastric injury. NaHS (an H2S 
donor) attenuated ulcer index by reduction of gastric acid 
output, mucosal carbonyl content, pepsin activity and  
ROS generation. H2S also reduced tumoral necrosis factor 

(TNF)-alfa and myeloperoidase activity [41]. Recently, an 
attenuation of protective and hyperemic activity of NaHS in 
rats has been shown following capsaicin denervation. 
Consequently, it has been suggested that this gaseous 
mediator activates afferent sensory nerves to release CGRP 
[42]. Therefore, H2S may be relevant as to the gastroprotection 
mediated by gut-brain axis. 

Peptides Influencing Food Intake 

 Injection of peptides influencing food intake into the 
brain (lateral brain ventricle or cisterna magna) may affect 
gastroprotection. In particular, it seems that cholecystokinin 
(CCK) and leptin have synergistic interaction in the defense 
of gastric mucosa. In fact, leptin applied peripherally exerts 
gastroprotective effects. Also, leptin is released by CCK and 
mimics CCK action against ethanol injury suggesting that it 
may mediate the protective and hyperemic action of CCK in 
the stomach [43]. 

 In addition to adipocytes, placental and gastric 
production, hypothalamus has been described to express 
leptin receptor [44] thus being a potential site of leptin 
action. Brzozowski et al. [45] analyzed effects of this 
peptide when centrally injected and demonstrated that central 
CCK and leptin exerted a significant protective effect against 
ischemia-reperfusion erosions in the stomach. Also, central 
CCK and leptin injection had different effects on acid gastric 
secretion, CCK acting as a weak stimulant of gastric 
secretion (without increase of gastrin levels) while leptin 
inhibiting gastric-stimulated acid secretion (with enhancement 
of gastrin). The same authors showed that the protective 
effect of CCK was accompanied by an elevated plasma 
leptin level and suggested that enhanced resistance of gastric 
mucosa against ethanol effect might be mediated by CCK-
dependent leptin release [46]. Moreover, capsaicin-induced 
deactivation of sensory nerves and pretreatment with N-
nitro-L-arginine methylester (L-NAME) attenuated leptin 
and CCK protective activity thus suggesting a role for CGRP 
and NO in this protective effect. 

 Peptide YY, another peptide influencing food intake, has 
been shown to increase gastric resistance to ethanol injury. 
Kawakubo et al. showed that peptide YY acted trough vagal 
pathways. Moreover, a synergistic interaction between 
activation of peptide YY receptor and TRH pathways has 
been described [47]. 

 Central glucagon–like peptide-1 (GLP-1) injection plays 
a role in gastric defense decreasing ethanol gastric mucosal 
damage by 92%. This protective effect is prevented by 
atropine central injection and peripheral L-NAME 
administration. Hence, GLP-1 effects on gastric mucosa 
appear to be dependent on a vagal pathway [48]. 

 Ghrelin also influences gastric mucosa ability to resist 
injury. Sibilia et al. [49, 50] suggested that NO and PGs 
represent part of a final common pathway by which central 
ghrelin injection enables gastric mucosa to withstand the 
damaging effect of ethanol. Moreover, they showed that 
ghrelin activates the neuronal circuit involving sensory 
nerves (CGRP) and NO. In fact, its gastroprotective effects 
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were completely abolished by either capsaicin pretreatment, 
administration of a CGRP antagonist or by the NOS 
inhibitor, L-NAME. 

 Ghrelin plays further roles in the gut-brain axis.During 
fasting, sympathetic activation (such as that during stress) 
increases ghrelin secretion by A-like cells in the stomach 
through norepinephrine or epinephrine stimulation of beta1-
adrenergic receptors [51]. Ghrelin is able to cross the blood-
brain barrier and acts on brain ghrelin receptors thus 
affecting HPA axis regulation [52]. Since receptor expression 
in paraventricular nucleus of the hypothalamus (PVN), apex 
of the HPA system, is not significant, Kadar et al. suggested 
that ghrelin regulates the stress response trough different 
mechanisms and, in particular, by acting indirectly on CRH 
neurons in PVN and directly in the anterior pituitary gland so 
to facilitate ACTH release [53]. Through these pathways, 
ghrelin system may therefore contribute to the development 
of stress response related to mood disorder. Central ghrelin 
injection affects the behavior of experimental animals in a 
time-dependent fashion. Asaka et al. [54] described an 
anxiogenic effect within 10 minutes of injection. Lutter et al. 
[55] demonstrated that central ghrelin causes an anxiolytic and 
antidepressive responses after 45 minutes from the injection. 

GABAergic and Glutamatergic Neurotransmission 

 Gamma aminobutyric acid (GABA) is the most abundant 
inhibitory neurotransmitter in mammalian brain. Its effects 
are mediated through the interaction with two receptors, 
namely GABA(A)R and GABA(B)R. L-glutamate plays a 
major role in the synaptic excitatory neurotransmission  
in the CNS and its effects are mediated by the interaction 
with ionotropic (i.e., α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid [AMPA], and N-methyl-D-aspartate 
[NMDA] receptors) and metabotropic receptors (i.e. 
metabotropic glutamate receptors [mGluRs]). Namiki et al. 
studied the effects of GABA and L-glutamate on gastric 
secretion and gastric defensive mechanisms in rats by 
microinfusion of the GABA(A)R agonist muscimol and L-
glutamate in lateral hypothalamic area. They found that 
stimulation of GABAergic pathway increased gastric acid 
secretion, gastric mucosal blood flow and transepithelial 
potential difference, an index of gastric mucosal barrier, 
whereas activation of L-glutamate-dependent pathway only 
increased gastric mucosal blood flow [56]. Intragastric 
administration of clonazepam, an agonist at the 
benzodiazepine sites of GABA(A)R has been shown to 
attenuate ethanol-induced gastric damage in isolated and 
perfused rat stomach thus suggesting a local protective effect 
of GABA(A)R agonists at local GABA(A) receptors located 
in the rat stomach [57]. Similarly oral administration of the 
GABA(A)R agonist abamectin has been demonstrated to be 
protective against ethanol-induced gastric injury in therat 
[58]. However, the injection of the GABA(B)R agonist 
baclofen or of the GABA(A)R agonist muscimol into 
cerebellar fastigial nucleus has recently been shown to 
exacerbate stress-induced gastric mucosal damage in the rat 
[59,60]. Finally microinjection of L-glutamate into cerebellar 
interpositus nucleus has recently been shown to prevent 
gastric ischemia-reperfusion-induced injury in rats and this 
effect was associated with a significant increase in gastric 

mucosal blood flow, together with a decrease in gastric cell 
apoptosis and increase in gastric cell proliferation [61]. 

CONCLUSION 

 The gut-brain axis plays a potential role in many 
physiological and pathological conditions. In particular, a 
dense neuronal network links stomach with CNS. Main 
communication mechanisms involve spinal and vagal system. 
HPA axis, TRH-containing nerve fibers and capsaicin-sensitive 
nerves are principal mediators of the ability of CNS to 
contribute to the maintenance of gastric mucosal integrity. 
Therefore, NO, PGs and CGPR play a major role as the final 
effectors of the cascade of events that follow neuronal 
activation eventually leading to gastric mucosal protection. 

 While physiological events arising in CNS may affect GI 
function and, in particular, the gastric mucosal barrier, to 
date, only limited evidence exists linking stress to gastric 
mucosa damage. However, many peptides, functionally or 
anatomically linked to the CNS, exert gastric mucosal 
protective effects. Exploiting the mechanisms underlying the 
connection between brain and gut may lead to a better 
understanding of the pathophysiology of gastric mucosal 
injury and, as a consequence, to an improvement in the 
prevention and, eventually, management of gastric damage. 

LIST OF ABBREVIATIONS 

ADMA = Asymmetric Dimethylarginine 

AMPA = α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid 

CCK = Cholecystokinin 
CGRP = Calcitonin Gene-Related Peptides 

CNS = Central Nervous System 

COX = Cyclo-oxygenase 

CRH = Corticotropin-Releasing Hormone 

CRS = Cold Restraint Stress 

DMN = Dorsal Nucleus of the vagus 

DR = Dorsal Root 

DVC = Dorsal Vagal Complex 

GABA = Gamma aminobutyric acid 

GLP-1 = Central Glucagon–Like Peptide-1 

H pylori = Helicobacter Pylori 
H2S = Hydrogen Sulfide 
HPA = Hypothalamo-Pituitary-Adrenocortical 

L-NAME = N-Nitro-L-Arginine Methylester 

mGluRs = Metabotropic Glutamate Receptors 

NMDA = N-methyl-D-aspartate 

NO = Nitric Oxide 

NOS = Nitric Oxide Synthase 

NSAIDs = NonSteroidal Anti-Inflammatory Drugs 



964    Current Neuropharmacology, 2016, Vol. 14, No. 8 Sgambato et al. 

NTS = Nucleus TractusSolitarius 

PGs = Prostaglandins 

PVN = Nucleus Of The Hypothalamus 

ROS = Reactive Oxygen Species 

TNF = Tumoral Necrosis Factor 

TRH = Thyrotropin-Releasing Hormone 

TSH = Thyroid-Stimulating Hormone 

WRS = Water-Immersion Restraint Stress 
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