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Roteiro de aula

» Definicado do conceito de “eixo neuro-endocrino’;

* Anatomia e fisiologia do Sistema Nervoso Entérico;
* Vias de comunicacao (ascendentes e descendentes);
» Papel do hipotalamo dentro do eixo;

* Relevancia clinica;

» Revisao dos principais pontos abordados.




Eixo neuro-entérico
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Conceito

“O termo eixo neuro-entérico refere-se
as conexodes funcionais e anatomicas
que permitem que o intestino e o
cérebro “conversem” de maneira
direta ou indireta”.

 Sistema Nervoso Entérico

« Sistema Nervoso Central
(Sistema Limbico e o Hipotalamo)

(Margolis, Cryan, Mayer. Gastroenterology, 2021).




Subdivisoes do Sistema Nervoso
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(Rao & Gershon. Nature Reviews — Gostroenterology and Hepathology , 2016).




Segundo cérebro?

www.nature.com/natmetab / September 2023 Vol.5No.9

nature metabolism

The circuits of stress

Por que essa fama toda?
Mesma quantidade de neurdnios
que a medula espinal (cerca de 500
milhdes);

Produz mais de 70% da serotonina
presente no Nn0SsSo organismo;

Funciona de maneira independente
do SNC;

E diretamente modulado pelo
sistema nervoso autbnomo.

(Cover Nature Metabolism, 2023).




Muito além das vias anatomicas
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(Margolis, Cryan, Mayer. Gastroenterology, 2021).




Camadas do TGI

Layers of Gastrointestinal Tract
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(National University of Singapore, 2025).




Camadas do TGI

Stomach body (low power):
A section of the stomach body demonstrating
the layers of the gastric wall.
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(National University of Singapore, 2025).




Localizagido no TGI

“Plexos ganglionares intrinsecos do sistema digestario,
desde o segundo terco do esb6fago até o musculo
esfincter interno do anus e ao longo do sistema de

f= 4 ﬁi
ductos pancreatobiliares.” W Mesentere
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(plesso di Meissner)

Ghiandola nella
tonaca mucosa

Ghiandole nella
tonaca sottomucosa

Dotto escretore di una
ghiandola annessa al
canale alimentare
{come il pancreas)

Tessuto linfoide
associato alla
mucosa (MALT)

Lume
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(Moore — Anatomia Orientada Para a Clinica, VIl edi¢cdo , 2019).




Sistema nervoso entérico

B h

Deep muscular plexus
Inner SMP

Longitudinal
muscle

Mucosa

mucosae Submucosal
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« Plexo mioentérico (de Aerbach);

» Plexo submucoso (de Meissner).

(Furness — Nat. Rev. Gastroenterol. Hepatol., 2012).




Plexo mioentérico

Composicao:

Interneuron

Longitudinal muscle Circular muscle
motor neuron motor neuron

Oral

REaW =

.-" ‘J\ (}

<3

//

el O/ e

(<o

|

Interneuron

Netwnrk of IPANs

* Neurbnios motores — excitatorios (Substancia P e Acetilcolina);
 Neurbnios motores —
* Interneurdénios e Neurdnios sensoriais.

inibitorios (NO e VIP);

(Furness — Nat. Rev. Gastroenterol. Hepatol., 2012).




Plexo mioentérico

Motilidade:

ACh — Constriction

NO and VIP —
Relaxation

<& —
(

(Concise Medical Images, 2025).




Plexo mioentérico

Funcgoes principais:

"
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Transporte;
Tonus basal;

Reflexos motores.

(Video — GastroLab.net, 2019)




Plexo submucoso

Extrinsic
innervation

* Regula as fungdes
secretoras do TGl;

Submucosal
plexus « Controla o fluxo

sanguineo intestinal;

Lumen

* Regula o transporte
de agua e eletrdlitos;

Mucosa

Myenteric
plexus

 Modula a secrecao de
enzimas digestivas.

Circular muscle Longitudinal muscle

(Rao & Gershon. Nature Reviews — Gastroenterology and Hepathology , 2016).




Plexo submucoso
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(Kandel — Principios de Neurosciéncia, 2014).




Organizagao do SNE

As células gliais entéricas:

ANNA1: corpo do neurdnio
PLP1-eGFP: corpo do neurdnio
DAPI: nucleos

(Rao & Gershon. Nature Reviews — Gastroenterology and Hepathology, 2016).




Comunicagao bidirecional

o

(Ohara & Hsiao. Nature Reviews — Microbiology, 2025).




Vias autonomicas

periféricas

Sympathetic
To prevertebral

| Parasympathetic

ganglia, spinal
cord, and brain
stem

4
!
/
R
A
A
v 4
Y
Sensory - S
neurons b

(mainly postganglionic)

e visceral

Blico pra-ganglonar
fitico pds-ganglicnar
simpatico pré-ganglonar
aimpdtico pda-ganglionar

(preganglionic)

ios pra-vaertebrais
e adetico abdominal

% @ Myenteric .
} 8 plexus
N M. vago
gl Inervagio
oo . parassimpallca
Submucosal 4 {E) ‘ vla fluxo cranlano
plexus 1 1
Epithelium

HNacleo

f/ ll.’.‘:éu'rglit:t mesantérico superior
Trenca "?ﬂ‘-e—Flexura esquerda o colo

intermediclalenal simpdtico

(ML) dar coluna {afinglios / Segmentos sacrals

intermiédia paraverlebrais) | da medula espinal

\ N, espléncnicos
Segmentos toracolombares ' pélvicos
da medula espinal | S
. descen- T
Inervacio simpéallca %O A
5o
M. es;;l.ﬁncnloo/ .

larmbar

* Ganglio -
mesentérico Inervacao parassimpéllca
inferior por efluxe sacral

(Moore — Anatomia Orientada Para a Clinica, VIl edi¢cdo , 2019).




Vias bidirecionais
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(Meerschaert & Chiu. Nature Reviews - Gastroenterology & Hepatology, 2024.).




Vago em agao

(Jiang et al. Nature Communications, 2024).




Efeito do SNA no SNE

Parassimpatico Simpatico

» Aumenta a motilidade intestinal; > Diminui a motilidade intestinal;
» Aumenta a secrecao glandular; > Diminui a secregao glandular;

» Favorece o aporte sanguineo » Desvie 0 aporte sanguineo para
para o TGl. 0 musculo esquelético.




Centro de Controle - SNC

(Atlas de Neuroanatomia para Patologista - UNICAMP).




Hipotalamo

HIPOTALAMO
_ LATERAL

- MED#AL

PERIVENTRICULAR

= [l Veniriculo

» Controle do SNA;

» Controle do Sistema Endodcrino;

» Conexao com o sistema limbico.

(Anatomia Clinica de Netter — | Edigao, 2006).




Nucleos Hipotalamicos
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(Intuitive Neuroanatomy Schemes, 2006).




Eixo H-P-A

Hipoglicemia, frio,
dor, medo (+) IL-1, 2,6
Injuria, hemorragias,‘ + TNF-a
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Hidrocortisona (cortisol)
Corticosterona

10 mg/d
(Intuitive Neuroanatomy Schemes, 2006).




Estresse Agudo e Crénico

Sirass More prolonged

CAH (corticotropin-

Nerve impulses releasing hormone)

(/’H’rp:ﬂulumu.

;—-—I—cu-rﬁ:ulr'nptcﬂlt of

To target in blood

‘ anbersor pituitary

Ml = Adranal

cortex

Mineralocorticoids Glucocorlicoids

atress response
Catecholamines 1. Increased heart rate . :
(epinephrine s 2. Increased blood pressure 1. Retention of sodium and 1. Proteins and fats
and norepinephring) 3 | jver converts glycogen to glucose water by kidneys converted to glucose
and releases glucose to blood 2. Increased blood volume  or broken down for
4. Dilation of bronchioles and blood pressure engrgy
§. Changes in blood flow patterns 2. Increased blood sugar
leading to Hﬂmm 3. Suppression of immune
and reduced urine output

6. Increased metabolic rate




Via local de producgao de cortisol

Producao extra-adrenal
de glicocorticoides

AR

Journal of

Experimental
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Reckafaliar Urhraralty Prass

This article at JEM.org Editors Contact Instructions for Authors

Thymus-derived Glucocorticoids Regulate Antigen-specific
Positive Selection

By Melanie S. Vacchio® and Jonathan D. Ashwell*
J Exp Med. 1997 Jun 2; 185(11): 2033-2038.
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Intestinal Epithelial Cells Synthesize Glucocorticoids
and Regulate T Cell Activation

Igor Cima,'! Nadia Corazza,' Bernhard Dick,* Andrea Fuhrer,! Simon Herren,!
Sabine Jakob,! Erick Ayuni,* Christoph Mueller, and Thomas Brunner!

J Exp Med. 2004 Dec 20; 200{12): 1635-1646.

FASEB o.:

F] Express Summaries

Human hair follicles display a functional equivalent of the
hypothalamic-pituitary-adrenal axis and synthesize cortisol

Natsuho Ito, Taisuke Ito, Arno Kromminga, Albrecht Bettermann, Masahiro Takigawa, Frieder Kees,
Rainer H. Straub, and Ralf Paus

FPublished Online: 9 Jun 2005 https://doi.org/10.1096/f].04-1968fje




Via local de producgao de cortisol

Chek for
updates.

LRH-1-mediated glucocorticoid synthesis in
enterocytes protects against inflammatory
bowel disease

Agnes Coste*, Laurent Dubuquoy**, Romain Barnouin*, Jean-Sebastien Annicotte*, Benjamin Magnier*, Mario Notti*,
Nadia Corazza*, Maria Cristina Antal%, Daniel Metzger*, Pierre Desreumaux®, Thomas Brunner®, Johan Auwerx*s,

and Kristina Schoonjans*1

*Institut de Génétique et de Biologie Moléculaire et Cellulaire, Centre National de la Recherche Scientifique (CMRS), Institut National de la Santé et de la
Recherche Médicale (INSERM), Université Louis Pasteur, 67404 lllkirch, France; "INSERM U795 Université de Lille 2 et Service des Maladies de I'Appareil

Digestif et de la Nutrition, Hopital Huriez, Centre Hospitalier Régional Universitaire Lille, 59037 Lille, France; *Division of Immunopatheology, Institute
of Pathology, University of Bern, 3010 Bern, Switzerland; and fInstitut Clinique de |a Souris, Génopole de Strasbourg, 67404 Illkirch, France
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(Coste et al. PNAS, 2007).




Via local de producgao de cortisol

()

Check for

LRH-1-mediated glucocorticoid synthesis in
enterocytes protects against inflammatory
bowel disease

Agnes Coste*, Laurent Dubuquoy**, Romain Barnouin*, Jean-Sebastien Annicotte*, Benjamin Magnier*, Mario Notti*,

Nadia Corazza*, Maria Cristina Antal5, Daniel Metzger*, Pierre Desreumaux®, Thomas Brunner?, Johan Auwerx*s,
and Kristina Schoonjans*7

*|nstitut de Génétique et de Biclogie Moléculaire et Cellulaire, Centre National de la Recherche Scientifique (CNRS), Institut National de la Santé et de la
Recherche Médicale (INSERM), Université Louis Pasteur, 67404 Illkirch, France; "INSERM U795 Université de Lille 2 et Service des Maladies de I'Appareil
Digestif et de la Nutrition, Hopital Huriez, Centre Hospitalier Régional Universitaire Lille, 59037 Lille, France; *Division of Immunopathclogy, Institute

of Patholegy, University of Bern, 3010 Bern, Switzerland; and Sinstitut Clinique de la Souris, Génopole de Strasbourg, 67404 lllkirch, France
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(Coste et al. PNAS, 2007).




Hipotalamo
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(Kandel — VI Edigéo, 2023).




Microbiota
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(Obata & Pachnis. Gastroenterology, 2016).




Microbiota x Sistema Imune
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(Qu et al. Biomedicine and Pharmacoterapy, 2023).




Microbiota

SN Intestinal muscularis layer

hS Enteric
neuron

Gl tissue homeostasis
and wound healing
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BMPRII Close
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BMP2 contact phenotypes

Regulation of Gl motility
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‘Q
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(Obata & Pachnis. Gastroenterology, 2016).




Microbiota

Article

Microbiota modulate sympathetic neurons
viaagut-brain circuit

https://dol.org/10.1038/541586-020-2474-7

Received: 29 May 2018

Accepted: 2 April 2020
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Microbiota
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Microbiota x células enteroendocrinas
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(Ohara & Hsiao. Nature Reviews — Microbiology, 2025).




Hormonios Intestinais x SNC
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(Haspula & Cui. Cells, 2023).




Hormonios Intestinais x SNC

5 0 5
i ™
. RS IR activation in PFOMC 2
2 neurons both increases and
i decreases HGP i
5 IR activation in AGRP ;
] neurons suppresses HGP POMC neuronal activation -
: wia hepatic vagal efferents counteracts hypoghcemia by |-
L 4- increasing HGP via I
| parasympathetieferents '
e  AGRP neuronal activation POMC neuronal activation ==
decreases sympathetic increases sympathetic
activity 1o adipose depots activity to adipose depots

(Haspula & Cui. Cells, 2023).




Acao do GLP-1

JAMA Psychiatry | Brief Report
Repurposing Semaglutide and Liraglutide for Alcohol Use Disorder

Markku Lahteernwvuo, MD, PhD; Jari Tiihonen, MD, PhD; Anssi Solismaa, MD, PhD; Antti Tanskanen, PhD;
Ellenor Mittendorfer-Rutz, PhD; Heidi Taipale, PhD

Risk of somatic hospitalization associated with use of GLP-1 agonists and medications for AUD in within-individual
model of persons with AUD

No. Decreased risk : Increased risk
Dﬂ Users Events PYs aHR (95% CI) of hospitalization : of hospitalization
GLP-1 agonists :
Exenatide 98 50 167 0.70(0.46-1.06) =
Semaglutide 4321 708 4677 0.78 (0.68-0.90) ——
Liraglutide 2509 613 3076 0.79(0.69-0.91) —a—
Dulaglutide 1118 362 1443 0.92(0.76-1.12) =
AUD medications 75454 99495 73222 0.85(0.83-0.88) -
IZI-.IEE- [I.ISD D.%-’S 1_.I]{I 1.I15
aHR (95% CI)

(Lahteenvuo et al. JAMA Psychiatry, 2025).




Doencga Inflamatoéria Intestinal

Low Fiber Diet
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(Kunar, Ooi & Goldberg. Frontiers in Microbiology, 2023).

High Fiber Diet
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Doenga Inflamatodria Intestinal

Toital pressalem caa s (endlioe)

The global, regional, and national burden of inflammatory ~ *\ ®
bowel disease in 195 countries and territories, 1990-2017:
a systematic analysis for the Global Burden of Disease Study

2017
GBD 2017 Inflammatory Bowel Disease Collaborators* m
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(GBD 2017. The Lancet, 2020).




Depressao e DII

Frolkis et al.'s

* Mean follow-up
time: 6.7 years

* |n patients with
depression, the
HR for CD was

2.23 (1.92-2.60)

Time

Choi et al.**

* Mean follow-up
time: G years

* Cumulative
incidences in

Butwicka et al.®*

* Median follow-up
time: 9 years

* |ncreased risk for
patients with IBD

Ludvigsson et al.2?

* Median follow-up
time: 11 years

* Increased risk for
patients with IBD

patients with IBD - Mood disorders HR Mood disorders HR
2.11(1.65-2.70) and - Depression: 8% 1.6(1.4-1.7) 1.4 {1.4-1.5)
the HR for UC was (4% in controls) - Anxiety HR - Anxiety HR
IBD - Anxiety: 12% 1.9(1.7-2.0) 1.3(1.3-1.4)
‘ diagnosis (9% in controls) ‘ ‘
| —

Marrie et al.™®

Marrie et al.*®
* Mean follow-up

Ananthakrishnan et al.*®

* follow-up time not
available

* Depression leads to
increased risk of CD
with HR of 2.36 (1.40-3.98)

* Mo increased risk for UC

Marrie et al.®
* |n the 5 years prior
to IBD diagnosis
- Depression IRR
1.02 (0.93-1.11)
- Anxiety IRR
1.05 (0.97-1.13)

* In year of diagnosis
(6 months on either
side of diagnosis date)
- Depression IRR
2.76(2.10-3.62)
- Anxiety IRR
2.50(1.97-3.18)

Marrie et al.™
* In 5 years after IBD
diagnosis
- Depression IRR
0.89 (0.84-0.95)
- Anxiety IRR
0.88 (0.83-0.94)

time: 9.6 years
* Increased rate in
patients with IBD
- Depression IRR
1.61 (1.48-1.75)
- Anxiety IRR
1.37 (1.34-1.61)

Bernstein et al.*
* Mean follow-up
time: 10.4 years
* Increased rate in
patients with 1BD
- Depression IRR
1.58 (1.41-1.76)
- Anxiety IRR
1.39(1.26-1.53)

(Bisgaard et al. Nature Reviews — Gastroenterology and Hepathology, 2022).




Depressao e DII

Depression and/or anxiety
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(Bisgaard et al. Nature Reviews — Gastroenterology and Hepathology, 2022).




Implicag¢des clinicas

Acguisition of dizeaze

* Uptake of misfolded PrP* and
possibly other prion-like proteins

* Leaky gut: defective epithelial barrier
compaonents leading to inappropriate
uptake of luminal factors

* Braak hypothesiz: uptake of a
neurotrophic pathagen leading
to Farkinzon dizeasze pathogenesis

i

Spinal cord

Transmizzion of pathology to the brain

* Propagation of prion protein mizfolding
and potentially other prion-like proteinz

* Retrograde tranzport of a neurotropic
pathogen in Parkinson dizeaze

i

Gut epithelium

(Rao & Gershon. Nature Reviews — Gastroenterology and Hepathology, 2016).

Enteric neurons

Poszsible detection of pathology

# Lewy bodies in Parkinzon disease

* A plagues in Alzheimer dizeaze

* TDP-43 aggregates in ALS

Possible dysfunction of enteric neurons

* Ciastrointestinal zymptoms in ASD

* Dy=function of enteric dopaminergic
and other neurons in Parkinzon disease

# Pzeudo-obstruction resulting from
enteric zoster




Varicella zoster virus

Saliva Stomach

Figure 5 | Enteric manifestations of lytic VZV infection of the mucosa and latent VZV

(Rao & Gershon. Nature Reviews — Gastroenterology and Hepathology , 2016).




Revisao

Estimulo externo
isual, olfatérc, gustativo, audiivo)
‘L Estimulo - Via eferente
Orgﬁos dos sentidos
¥ Receptor Resposta tecidual
Centrode  —3 Reflexos longos
integragdo  — Reflexos curtos
Neurdnios i g
simpaticos e
parassimpaticos
Receptores ‘Musculo Contragao/relaxamento muscular
Estimulo > [ sa ki liso (peristalse; v::momh'igin}
local f—| visceraise [ Basrd A :
neurdrice Células e ke
(pH, elasticidade, | aferentes i Sduecre;ﬂo' . anddclg'
osmolaridade, Reavkee e
contetdo Sieh 16r8
luminal, dor) s.%";;?:::;:‘;o: P Efetores Resposta do sistema

(Moore — Anatomia Orientada Para a Clinica, VIl edi¢cdo , 2019).
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