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Funcoes e Regulacao do TG

Mistura, trituracao, propulsao e excrecao
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TIPOS DE EPITELIO DO TG

Estémago Duodeno Jejuno lleo
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O PEQUENO CEREBRO

Submucoso

Esdfago estriado
Esofago liso
Fundo Gastrico
Antro Gastrico

Duodeno

Jejuno
fleo
Coélon Ascendente
Colon Transverso
Célon Descendente
Célon Sigmdide

Reto

200 150 (0[0) 50 0

Neurénios/cm?

Mioentérico

|

0 40 80

Neurénios/cm?



Sistemas
efetores

» Musculos
*Epiteélio secretor
*\/asos sanguineos

|

Motilidade
Secrecao
Circulacéao




Ganglio do Sistema Nervoso Entérico com neurdnios marcados por diferentes
técnicas imuno-histoquimicas.

w— NOS
NPY

- SP
ChAT/NPY -

mm= ChAT/SP

== NOS/NPY - _— el !
Al: neuronios colinergicos, NOS: neuronios que contem NO-sintase; NPY: idem para neuropeptideo Y;
SP: idem para substancia P; ChAT/NPY: neurdnio com dupla marcacéo para ChAT e NPY (colocalizac&o);

ChAT/SP: idem para ChAT e SP (colocalizacédo) e NOS/NPY: idem para NO-sintasee NPY (colocalizacéo)



ALGUNS NEUROTRANSMISSORES OU NEUROMODULADORES DO TGl
TIPO “NANC” (NAO-ADRENERGICO/NAO-COLINERGICO):

ANS neurotransmitters (NAN's)

Transmitter

Functions

nitric oxide (NO)

Enteric neurones
parasympathetic - important in erection and in gastric
emptying. Activates guanylate cyclase.

vasoactive intestinal polypeptide (VIP)

Enteric neurones (throughout the gastrointestinal tract).
parasympathetic - co-release with ACh affects
salivation; also in sympathetic cholinergic fibres.

neuropeptide Y (NPY)

Enteric neurones Causes prolonged vasoconstriction.

serotonin (5HT)

Important in enteric neurones (peristalsis)

gamma-amino butyric acid (GABA)

Enteric interneurones.

dopamine

Enteric neurones May mediate vasodilatation in the
Kidney

Substance P

Enteric neurones sympathetic ganglia,

calcitonin gene related peptide (CGRP)

Enteric neurones
contributes to neurogenic inflammation



http://www.anaesthetist.com/anaes/patient/ans/index.htm%23start
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ALTERACOES NEUROQUIMICAS DO S.N.E. PODEM ESTAR ASSOCIADAS A PATOLOGIAS EM HUMANOS

Patologias
Crohn's disease
(doenca inflamatdria intestinal, DII)

Ulcerative colitis
(doenca inflamatdria intestinal, DII)

Diverticular disease
(colon)

Severe IBS

(Sindrome do intestino irritavel)

Slow transit constipation

Achalasia

Hirschsprung
(aganglionose)

Hypertrophic pylorus stenosis

Diabetes

Chagas

Parkinson

Alteracdes do SNE associadas

Increase in submucosal VIP neurones (...) increase in myenteric VIP, NOS and
PACAP neurones in afflicted region (...)

Increase in myenteric SP neurones in inflamed and noninflamed region (...)

Decrease in ChAT activity in fibers of muscle motor neurones

neuronal degeneration, increased intraganglionic lymphocytes

increase in myenteric NOS, VIP and PACAP neurones (...)

Decrease of intrinsic nerves including NOS (VIP/PACAP) in constricted and dilated
portion of oesophagus (...)

Loss of enteric neurones

Decrease in myenteric NOS, VIP, CGRP and SP nerves

Decrease in NOS, VIP, PACAP fibers and increase in SP fibres in the jejunum

Decreased neurones in rectum and small bowel

Decrease in myenteric dopamine neurones

The human enteric nervous system. Schemann. & Neunlist, 2004

para uma revisao breve, veja De Giorgio et al., 2004 Neurogastroenterology & Motility, 16, 143-147, 2004



Lumen of
digestive tract

REFLEXOS

Stimulus

Response
(change in secretory
activity or motility)

Emotional || Sight, taste,
states smell of food
mechanoreceptors,
OSMOreceplors oL ORT REFLEX
PATHWAY
Y Y
Effector cells Enteric Autonomic Central
(smooth muscle or [ nervous ¢ nervous [ nervous
endocrine gland) system system system
Blood [<— Homone [<— Endocrine cells

® 2002 Pearson Education Inc., publishing as Benjamin Cummings
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http://www.icb.ufmg.br/%7Efib/Seminario%20Gastro/Fisiologia.htm%23um

ACTIVATORY
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Esophagus
lleo-Gastric Gastro-Enteric
. ' Gastro-lleal
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intestinal Gastro-Colic
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Dense body
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Papel central do Calcio extracelular
na contracao da musculatura visceral



Extraceliular spacea

5 aa ke . Acoplamento
are-oper ollage-ga Ca"*" enters the cytoplas 7 A
Ca®" channel Ca®"channel | through channelt located. | FATMACO-MECANico

in caveoli,

Agmlmk Receplor

When the SR Ca®* stores become
depleted, the SR signals—by an unknown
mechanism—a store-operated Ca’*
channel to open, allowing Ca®* to enter.

Smooth muscle
cytosaol

Ca* release from the sarcoplasmic
reticulum can occour either via
Ca”"-induced Ca™ release or more
importantly, via [P; activation of
SR Ca”" channels.

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition  www. studentconsult.com
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Estao sempre presentes na musculatura
gastrintestinal

lI”“l" Ondas lentas

Ritmo elétrico basico
Amplitude de 5a 15 mV
Frequéncia de 3 a 12 por minuto
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Celulas intersticials de Cajal

Copyright D F005 Matum Publl shing Group

Mature Raviews | Cancar




Tipos de Atividades Eletricas

Ritmo elétrico basico (ondas lentas)
e potenciais em ponta

Onda PA (10-20ms)
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muscular




Membrane Potential (mV)

CARACTERISTICAS DO TGl

STIMULATION by:

1. Stretch

2. Acethylcholine

3. Parasympathetics
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FATORES QUE INFLUENCIAM A
ATIVIDADE CONTRATIL

« PARASSIMPATICO (ACh) (+)
« GASTRINA (+)
e CCK (+)
e INSULINA (+)
« SEROTONINA (+)

- SIMPATICO (NOR) (-)
e GLUCAGON (-)
e SECRETINA (-)

e Opiaceos (-)

Ricinus communis



F1G. 453. The effect of acetylcholine on the membrane potential and electrical
activity of tenia coli muscle. Top row: slow film speed, a, start of exposure
to ACh; b, end of exposure to ACh; ¢, 70 sec. after removing ACh; d, 2 min.
later. Bottom row: fast film speed, e, before ACh, f, at peak, g, 8o sec. after
removing ACh, A, 2 min. later, (Biilbring & Kuriyama. J. Physiol.)

Fi1G. 454. The action of adrenaline on membrane potential, electrical activity and
tension (top record) of the guinea pig tenia coli muscle. (Biilbring & Kuri-
yama. J. Physiol.)



PADROES DE COMPORTAMENTO MOTOR

MASTIGACAO

DEGLUTICAO

MOTILIDADE GASTRICA

MOTILIDADE DO INTESTINO DELGADO

MOTILIDADE DO INTESTINO GROSSO E DEFECACAQ



MUSCULOS ENVOLVIDOS
NA MASTIGACAO

-masseter
-pterigoideo medial
-pterigoideo lateral *

-temporalis



http://mywebpages.comcast.net/wnor/lesson4.htm

Nucleo
Ambiguo

musculos
mastigatorios

“Centro” da degluticao

“Centro” da salivacao

V-TRIGEMEO

Pedersen,et al., 2002.



Mastigacao: reflexo mastigatorio
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Principais eventos que participam
do reflexo da degluticao

Bolus

=) o
|l ) r’
Larynx

Tonically contracted upper
esophageal sphincter

Epiglottis

1. Tongue pushes bolus against soft
palate and back of mouth, triggering
swallowing reflex.

2. Upper esophageal sphincter relaxes
while epiglottis closes to keep
swallowed material out of the airways.

Fase oral
(voluntaria) Fase faringea

(1 seg)

esophagus, propelled by peristaltic

3. Food moves downward into the
waves and aided by gravity.

Fase esofagica
(10seq)



bolus traversing an
open UOS

Figure 2 Lateral fluoroscopic images as barium is swallowed.
Image A shows the head of the bolus as it indents the upper oesophageal sphincter (UOS).

Image B is identical but annotated. The barium is highlighted and an arrow indicates the UOS.
Images C and D are also paired to show the bolus traversing an open UOS. Sinah e Hamdy. 2005
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http://hopkins-gi.nts.jhu.edu/pages/latin/templates/index.cfm?pg=disease5&organ=1&disease=37&lang_id=1
http://hopkins-gi.nts.jhu.edu/pages/latin/templates/index.cfm?pg=disease5&organ=1&disease=37&lang_id=1
http://hopkins-gi.nts.jhu.edu/pages/latin/templates/index.cfm?pg=disease5&organ=1&disease=37&lang_id=1

Diminuicédo transitoria do tonus do - 7E0z x |
EES durante a degluticdo IS IS INN

Laryngeal
vestibule closure

_Flow through
i uos

uos
Pressure
mmHg

PAUSE

Cricopharyngeus
EMG
(RV)
g
|

0O 02 04 06 08 10 12 14 16 18 20
Time (s)

Figure 3 Time line showing the relationship of events during
a normal swallow. The exact timings are influenced by factors

such as age and bolus size.
45 d8C Singh e Hamdy, 2005



Integracao do

reflexo da
degluticao
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At rest Swallow
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B Fig. 38-16 Schematic representation of vagal control of the lower esophageal sphincter
(LES). Note that relaxation of the LES is associated with an increase in the firing rate in vagal
inhibitory fibers (VIF) and a decreased frequency of action potentials in vagal excitatory fibers
(VEF). Reciprocal changes occur when the sphincter regains its resting tone. (From Miolan, JP,
and Roman, C: J Physiol [Paris] 74:709, 1978.)



PAA

/ 7 |Swallowing

/ center

/ AN

Inflole

Circular Longitudinal
layer layer

Nerve

plexus

Striated
" muscle

Smooth
L
muscle

Longitudinal Circular Myenteric
layer layer plexus

Afferent vagal pathways

Efferent vagal pathways

Nonvagal nuclei

Nucleus ambiguus

Dorsal motor nucleus

°  Myenteric ganglia

UES Upper esophageal sphincter



Vagal Fibre

Vagal Fibre

Myenteric Plexus

Vagal Fibre

Vagal Fibre



Integracao do
reflexo da
degluticao
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B Fig. 38-16 Schematic representation of vagal control of the lower esophageal sphincter
(LES). Note that relaxation of the LES is associated with an increase in the firing rate in vagal
inhibitory fibers (VIF) and a decreased frequency of action potentials in vagal excitatory fibers
(VEF). Reciprocal changes occur when the sphincter regains its resting tone. (From Miolan, JP,
and Roman, C: J Physiol [Paris] 74:709, 1978.)



An oblique projection of the
esophagogastric junction
following air and barium
contrast; the patient
swallowed thick barium
contrast followed by air-
producing granules, resulting
in an air-contrast relief of the
esophagus. Note:

1) The radiograph depicts  Dlaphragm
both thoracic and

abdominal portions of the

esophagus. The abdominal

portion of the adult

esophagus is typically

about 1.5 cm in length.

Thoracic part of
the Esophagus

Esophageal Folds

Abdominal part
of the Esophagus

Esophageal folds are

lengitudinally oriented
folds of the inner mucosal
wall of the esophagus that
disappear upon distention
of the organ.

extraido (engquanto disponivel) de: http://www.netanatomy.com/nosubscription/notvalidip.htm



http://www.netanatomy.com/RA/ra_frame.htm
http://www.netanatomy.com/nosubscription/notvalidip.htm

Doencas do refluxo gastroesofagico
A inflamacao é resultante de contato prolongado da mucosa com o
contetido gastrico, podendo levar a lesdes/Ulceras de mucosa.

\

Normal
SQuUamo-

columnar
junction

e

A, B, esb6fago normal comparado a esofagite erosiva.;
A, B’, visdes endoscopicas


http://hopkins-gi.nts.jhu.edu/pages/latin/templates/?pg=disease3&organ=1&disease=37&pagetype=2&pagenum=588&lang_id=1
http://hopkins-gi.nts.jhu.edu/pages/latin/templates/?pg=disease3&organ=1&disease=37&pagetype=2&pagenum=588&lang_id=1
http://hopkins-gi.nts.jhu.edu/pages/latin/templates/?pg=disease3&organ=1&disease=37&pagetype=2&pagenum=588&lang_id=1

Acalasia

- esfincter nao relaxa
- perda neurdnios inibitérios
- auséncia de peristalse esofagica

A

ESﬂ'I:I-I"Iﬂgq}
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% Junction (EG)




MOTILIDADE GASTRICA

The stomach Esophagus

Diaphragm @
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O estomago pode ser dividido em:

3 regides anatomicas 2 regioes funcionais

A

Fundus

Bombda gastiiea Reseiivatolio

ffasicas contiacdes
tonicas

website original: http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english



http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english

Motilidade Gastrica;:

periodo interdigestivo (jejum):

complexo migratorio mioelétrico

periodo digestivo:

relaxamento, mistura e esvaziamento



Motilidade durante o jejum:
complexo migratorio mioelétrico (CMM, estdbmago < lleo terminal)
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Relaxamento gastrico
(receptivo e adaptativo)

Food is in stomach
after vagotomy.

Food 15 1n
stomach.,

Stomach is
empty.

80

Intraluminal 60
pressure 40

(em H0)
20

0
0 200 400 G600 800 1000

Violume (ml)



REGISTRO DAATIVIDADE CONTRATIL DO ESTOMAGO

L
_



Antro gastrico: Funcao de propulséo, esvaziamento e moagem

Fase de propulsao Fase de esvaziamento

Antrum

website original: http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english



http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english

Importancia da regulacao do esvaziamento
gastrico

1-Permitir um esvaziamento regulado dos
conteldos gastricos a uma velocidade consistente
com a capacidade de processamento do quimo
pelo duodeno.

2-Evitar a refluxo dos conteudos duodenais.



Porque é importante entender como ocorre o
controle do esvazimento gastrico ?

Ha correlacao direta entre a
taxa de esvaziamento gastrico e
a ocorréncia de ulceras duodenais



O pai da Fisiologia Gastrica

Alexis St Martin Willian Beaumont
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website original: http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english



http://www.wzw.tum.de/humanbiology/data/motility/34/?alt=english

Regulacao esvaziamento gastrico

THE RATE OF GASTRIC EMPTYING IS MOST RAPID
FOR ISOTONIC SOLUTIONS
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Regulacao esvaziamento gastrico

THE RATEOF GASTRIC EMPTYING IS RELATED TO
THE CALORIC CONTENT OF ISOTONIC MEALS

s
L
L
©
£
&
fp)
=
o
=
=
©
=
@
o
o
)
=

.

Time After Meal (min)




Central

- nervous
system
+ = - - -
Sympathetic Parasympathetic  (Baixo limiar
activity activity Alto ||m|ar)
Intramural
intrinsic e Decreased gastric emptying
plexuses
Chemoreceptor Secretin Cholecystokinin Unidentified
afferents GIP hormone :
Gastrina
| : Entero1astrona
Reflexo
Enterogastrico Duodenal Chemoreceptors
Acid Fat Hypertonici - ;.
) (e ) b dli ypertoniclly  Aminoacidos
= = Distensao

Fibras
Vagais



MOTILIDADE
DO
INTESTINO DELGADO




TIPOS DE EPITELIO DO TG

Eséfago Estdbmago Duodeno Jejuno
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Movimentos do intestino delgado:
peristalticos (propulsivos) e de mistura (segmentares)

¥Wave of confraction
Leading wave of distention

Food mataral introducad into
the digastive tract at this point

l
p5

N\ ¥
,.ri "1

(b)

g (0 )




.I|||”| Lei do intestino
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Exemplo de reflexos intrinsecos do sistema nervoso entérico
Movimento peristaltico

¢ (A ., Myenteric
A ™ plexus
] w1 /) Submucosal
_(.G.,f = ' & r— plexus

nevron
(mechanical,
chemical)

-

Mechanical,
chemical
stimulation

Berne et al., 2004



Exemplo de reflexos intrinsecos do sistema nervoso entérico
Movimento peristaltico

Sensory

¢ (A ., Myenteric

~ * plexus
1 /) Submucosal
' & r— plexus

CONTRACTIGN

Mechanical,
chemical
stimulation

Berne et al., 2004



Exemplo de reflexos intrinsecos do sistema nervoso entérico

Movimento peristaltico

©>
ACh
SubP T
CONTRACTION neuron
(mechanical,
Oral chemical)

-

Mechanical,
chemical
stimulation

Myenteric
plexus

Submucosal
plexus

Berne et al., 2004



Exemplo de reflexos intrinsecos do sistema nervoso entérico
Movimento peristaltico

o Myenteric

O—
= plexus

= Submucosal
{r1)
= plexus

©>

Inhibitory

motor
neuron neuron
ACh
Sub P
CONTRACTION neuran
(mechanical,
Oral chemical)

-

Mechanical,
chemical
stimulation

Berne et al., 2004



Exemplo de reflexos intrinsecos do sistema nervoso entérico
Movimento peristaltico

= Myenteric
x.*-; s plexus

Submucosal
plexus

T

|

Inhibitory
molor
neuron

L]
‘‘‘‘‘
e®

nevron
(mechanical,
chemical)

‘0
L4

Mechanical,
chemical
stimulation

Berne et al., 2004
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ACTIVATORY

(excitatory)
Esophagus
lleo-Gastric Gastro-Enteric
. ' Gastro-lleal
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intestinal Gastro-Colic

Duodeno-Colic

INHIBITORY



ILEOCECAL SPHINCTER PRESSURES

o 40 (A) Distension of lleum

Gastrin

lleocecal sphincter
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