A digestao depende de: ENZIMAS LUMINAIS
ENZIMAS DA BORDA EM ESCOVA

amilase salivar \
lipase lingual

pepsina
Iipgse gastrica > Enzimas
Amilase, tripsina, luminais

quimiotripsina,
carboxipeptidases,
lipase, fosfolipase A,,

Enterokinase

Glicoamilase, maltase, colesterol-esterase,
Enzimas da sacarase, lactase, elastase, ribo e
borda em isomaltase desoxiribonucleasej
escova Peptidases:

aminooligopeptidases,
dipeptidases RN



Eséfago

Piloro
Duodeno

Canal
pilérico

Parte
pilérica

FUNCAO GASTRICA

Incisura

cardiaca

Incisura §
angular

Antro
pilorico

Hill € or display.

'3 regions of stomach

Esophagus

Upper esophageal
sphincter

Body (secretes
mucus, pepsinogen,
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Basal folds

Basement

A

Células Parietais ou Oxinticas: ) _ ¢
» Abundantes no estdbmago
» Citoplasma rico em mitocondrias e tubulovesiculas
* Presenca de anidrase carbdnica e H*/K*-ATPase
* Alteracdes morfologicas
Golgi Tubulovesicular Golgi
complex membrane complex
Intracellular
canaliculus

i Intracellular
- canaliculus

lamina

Koeppen & Stanton: Bermne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Tubulovesiculal
membrane

Intracellular
canaliculus

)
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Hydrochloric acid/parietal cells

CREY €0y + Hy0 Epthela oot | S FerSHS
Carbonic anhydrase K*—'->
H2CO3 [ > Hy0 ATP
HCO3 nets o " o :: .
CI-IC"
ADP
cr—.->c"

https://www.youtube.com/watch?v=75BS1kDmt U

Concentrac@o (mM)

1 2 3
Taxa de secrectio (ml/pjin) <
710N
. V‘ )
N 7


https://www.youtube.com/watch?v=75BS1kDmt_U

Estimuladores e Inibidores enddégenos da secrecao acida

Prostaglandi

EGF
TGF-a

Histamine

Somatostatin |

Ca++

\ g _\\ |

ns :
R\._G%/’ /\_/ M
\ Ac e —
4 > astrin
PGE, —» o ATC\\ s
I — cAMP g ——

cAMP-depen&em \
l \ protein kinase(s) IP, + DAG
“ b
Maintenance of Ca*t PKC
cell function

Hydrochloric acid

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved




Fator Intrinseco

2 D
.

{ | Salivary Dietary cobalamin
Dietary (. }_ . Rprotein (| Bound 10 animal
b Salivary glards |
e Dietary
delaciency

Achiorhwdria
resulting i mability
w0 sever the aninal
protein from the
cobalamim

/
L R protein from
L parietal celk

0 Lack of IF with sotal
R i , OF PEMNCIons
'm’“‘ anemia i c atropfry
of Eastiic Mmucoss in
| association with antbodies
CJUPST b parietal cells ard IF)
High concentration of bacteria and
cerain parasites in small indesting
can absorb cobalamin

Cebalaman transported via poral S)
bound to sanscabalamin |, 3 and 1IF




Deficiéncia de B12

*Déficit de ingestao:

Vegetarianismo estrito

*Déficit de absorcao:
Gastrectomia parcial e total
Gastrite auto-imune (anemia perniciosa)
Insuficiéncia pancreatica
Resseccdo e/ou doenca ileal

*Falta congénita de transportador da cobalamina (rara)

ANEMIA MEGALOBLASTICA

https://www.youtube.com/watch?v=aww5NiahRb8



https://www.youtube.com/watch?v=aww5NiahRb8

Conversion of pepsinogen to pepsin

Stomach lumen

1 Protein
Y® ;
Pepsinogen » Pepsin ——
I\ HCI
Peptides
} , Intrinsic ot

fs factor

)



Pepsinogen i pH =3.0-5.0 ——> Pepsin

l J
Pepsinogen | pH < 3.5 > Pepsin

" :

| |

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com

Pepsinas

* proteases secretadas na forma inativa (granulos de zimogénio)
« ativada por HCI e por ela mesma (pH autocatalico = 2)
* cliva ligacoes peptidicas adjacentes a aminoacidos aromaticos (pH
proteolitico = 1,8 — 2,5)
» faz digestao de 20% das proteinas
e inativadas em pH > 5 (duodeno)
* secregao estimulada principalmente por reflexo colinérgico (local e vagal)



Secrecao de Muco

MUCUS GEL
Undegraded glycoprotein

polymer (high viscosity)
> LUMEN
Degraded glycoprotein
X 7 subunits (low viscosity)

R o Y YYYYYY
[ I |

/ AAAAAAAAAAAN

I/\‘, Protein core: protected

7" from further proteolysis

[Glycosylated part of by carbohydrate chains

peptide cores

(resistant_to Sheath of branched
proteolysis) carbohydrate chaing
with average of 15
Nonglycosylated part of sugars per chain
peptide cores with
disulfide bridges joining
subunits (site of proteolysis)

Koeppen & Stanton: Beme and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Barreira da Mucosa Gastrica
* mucinas = produzidas e
armazenadas em vesiculas
 secretadas por exocitose
» composi¢ao: 80% CHO, 20% prot.

HCO3
pH~7
at cell
surface

pH ~ 2 in gastric juice R

>,
X Mucus
) droplets
Gastric
epithelia
cells

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

s Protecao do epitélio:
' « barreira mucosa
HCO, . HCO3-




A NORMAL SURFACE EPITHELIUM

[H]=20mM

H#
enters

Gastric gland

Na‘®

Gastric lumen

Mucus gel
neutralization zone

[HCO3] =0

=

™ Bloodstream

1.5

pH
profile

7.0

7.4

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com

https://www.youtube.com/watch?v=s pu10MxYvo

<)


https://www.youtube.com/watch?v=s_pu10MxYvo

Barreira: Muco e Bicarbonato

[H*]

—

Retencao de HCO;-

- , Protecao fisica
epitélio l[Umen

\ [HCO;]

muco



B DAMAGED MUCOSAL BARRIER

Gastric lumen

Fluid
A

Blood
A

Histamine

o %\g e
Bloodstream

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com

Barreira é sensivel a:
anti-inflamatorios nao-esterdides (AINE)
alcool, cafeina, fumo, isquemia, estresse

Helicobacter pylori

/| A
L 19))

N 7



DESEQUILIBRIO ENTRE OS MECANISMOS DE DEFESA
DA MUCOSA GASTRICA E FATORES LESIVOS

INFLUENCIAS LESIVAS: HCL E PEPSINA

———

MECANISMOS DE DEFESA

MUCO, HCO;-, FLUXO SANGUINEO DA
MUCOSA, CAPACIDADE REGENERATIVA DO
EPITELIO, SINTESE DE PROSTAGLANDINAS




GLANDULAS SALIVARES E PANCREAS EXOCRINO

Caracteristicas comuns:
« Estrutura lobular: acinos com ductos convergentes
» Secrecgdes aquosa e enzimatica: primaria (acinar), com posterior
modificacdo da composicao de eletrdlitos (ductos)

Diferencas:
» Pancreatica: Regulacao neuro-endocrina
« Salivar: Regulacao neural
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Structure
of the
pancreas

Duodenum

Endocrine cells
of pancreas

Exocrine ~v %
?seelfrete é P% @é%
enzymes) | _ T
ﬁb Duct cells
(secrete
% bicarbonate)

Pancreas _«

Common bile duct from gallbladder
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{ + |
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0 5 10 15 20 25 30 (ul/min) Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
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Alteracao da Composicao Iénica e do Volume da Secrecao
Pancreatica

Modelo do mecanismo

1. Na/K-ATPase gera gradiente de
Na*
2. Na* é trocado por H* (basolateral)
3. H*+ HCOj3 (sangue) = CO,+ H,0
4. CO, difunde para célula = HCO; +
H+
5. HCOs- é trocado por CI-
6. Canal para CI- = reciclagem
7. Na* e K* = por gradiente
eletroquimico (paracelular)
8. H,O = por gradiente osmatico

Estimulo por secretina (aumenta cAMP):
Koeppen & Stanton: Berne and Levy Physiology, 6th Edition. d Abe rtu ra canais pa I"a CI-

Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

https://www.youtube.com/watch?v=qVVBpGk 8a8



https://www.youtube.com/watch?v=gVVBpGk_8a8

B REGULATION OF THE CFTR CHANNEL BY ATP

In the resting state, the R
domain is dephosphorylated
and the channel pore is closed.

Secretagogues stimulate PKA, which—in the
presence of ATP—phosphorylates the R domain.
This phosphorylation leads to a conformational
change that makes NBD1 accessible to ATP.

Further phosphorylation of the R
domain by PKA leads to a further
conformational change that also
makes NBD2 accessible to ATP.

transmembrane regulator)

CFTR o
(cystic fibrosis ’ _JE"
phosphatase

Binding of ATP to NBD1, followed by hydrolysis
to ADP + P;, causes the channel to open.

The ADP and P; soon fall off, causing the channel
to close. The brief periods when the ADP and P;
are bound account for the “flickery openings.”

» Fosforilagdo do dominio R

Ay

Flickery ]
opening

Protein

* Alteracdo conformacional do
NBD
 Ligacao do ATP ao NBD

* Abertura do canal

The binding of a second ATP to NBD2

The hydrolysis of the ATP at NBD2 returns
the channel to the “flickery opening” state.
This hydrolysis is necessary for the
ultimate closure of the channel.

Long
opening

https://www.youtube.com/watch?v=VupTywsAGcM

now locks the channel in an open state. }\ 8}

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com


https://www.youtube.com/watch?v=VupTywsAGcM

Pergunta:

Suco de limao alcaliniza o sangue?
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Pancreatic enzyme precursors

Pancreas

—> Trypsinogen > Trypsin

A

Membrane bound

Intestinal lumen

> Inactive enzymes » Active enzymes

enterokinase

Epithelial cell




REGULACAO HORMONAL DA SECRECAO
PANCREATICA

Fat, aa
Peptides

v v

S Cell | Cell

aunsaju|

Secnlfetin Cholecylstokinin

v

Ductal Acinar IP;
cAMP Gl Cell  ca»

+ &

Q‘Bicarbonate *Enzymes
4 volume

Sealdled




REGULAGCAO DA SECRECAO PANCREATICA

| REGULACAO FUNDAMENTALMENTE HORMONAL

SECRETINA
COLECISTOCININA (CCK)

| NODELGADO |

REGULACAO NEURAL: MENOS EFETIVA

REFLEXOS VAGO-VAGAIS
NO DELGADO | ]  ACETILCOLINA: AUMENTA SECREGAO

ACINAR ENZIMATICA E POUCO A DOS
_ DUCTOS




INSUFICIENCIA PANCREATICA

DEFICIENCIA DA CAPACIDADE DIGESTIVA:
* Pancreatite
e Fibrose cistica

MANIFESTACOES CLINICAS:
 Esteatorréia
* Perda de peso / defeito na curva de crescimento
* Diarréia
« Déficit de vitamina B12



Caracteristicas gerais das glandulas salivares

Serous
demilune

Células mucosas: secretoras de muco
(H,0, eletrdlitos e glicoproteinas)
Células serosas: secretoras de enzima

(a-amilase)
‘\“’ ) Salivary
] gland ducts

D, W ‘ p :
N o , E

Salivary ST p— 14

duct f i, \
| 4 Parotid gland
Sublingual gland Submandibular gland a0 Q




VARIAGCAO DA COMPOSICAO ELETROLITICA DA SALIVA EM
FUNGCAO DO FLUXO SALIVAR

Endpieces Striated and excretory ducts
160 Plasma Saliva - 160
140 =140
=120 120 5
g g
E 100 Nat |-100 €
= -
2 80 -80 .2
g HCO,~ z
§ 60 =60 g
Cl g
K* |20
K'
" H - H L
Primary Secretion . - 0

Modification of 1.0 2?0 3TO 4.0

Flow of saliva (mL/min)

¢ Contains amylase
e [Na*, K*, CI, HCO; |

. - > V
similar to plasma saliva ;? g;qro

J. Perkins
MS, MFA, CMI
Mulroney & Myers: Netter's Essential Physiology.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Transporte idnico nas células dos ductos

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

1. Na/K-ATPase (basolateral): gera
gradiente
2. Absorcao de Na* luminal
3. Metabolismo: aumenta HCO; e H*:

ativa troca HCO;/Cl- e Na*/H*

4. Atividade metabdlica celular

estimula reabsorcao de Cl- e

excrecao K+
5. Impermeabilidade impede absorcao

de agua

Também: CFTR



IML

IML
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MECANISMOS CELULARES DE AGAO DOS
NEUROTRANSMISSORES

Estimulagcado Simpatica: ptialismo . /
(ex: carnivoros antes do ataque) | :H“’ QD

Yl
Noradrenalina ’\

amilase
Acetilcolina
Substancia P Secr_egéo
fluida

Copymnight © 2004, Elsevier, Inc. All rights reserved.



EFEITOS PARASSIMPATICO E SIMPATICO SOBRE O
FLUXO SALIVAR

1. ESTIMULAGAO PARASSIMPATICA COLINERGICA
(a) Aumenta copiosamente o fluxo salivar.
Saliva volumosa e fluida com agua, eletrolitos e enzimas.

2. ESTIMULAGCAO SIMPATICA NORADRENERGICA
(a) Aumenta inicialmente o fluxo salivar.

(b) Diminui posteriormente o fluxo salivar devido a
vasoconstricao glandular. Saliva viscosa rica em enzimas.

PORTANTO, A ESTIMULAGCAO SIMPATICA E BIFASICA E PROVOCA
DIMINUIGAO DO FLUXO SALIVAR.

N



Sindrome de Sjogren

Doenca autoimune: destruicdo glandulas salivares (e lacrimais)

Xerostomia (boca seca)
Diminuicao do paladar
Dificuldade na mastigacao, degluticdo e fala
Ulceracdes na boca
Caries

https://www.youtube.com/watch?v=79mciBzQqghl



https://www.youtube.com/watch?v=79mcjBzQghI

SISTEMA HEPATO-BILIAR

Common hepatic duct
Cystic duct

Common bile

Gallbladder

Pancreas

Sphincter P ancre atic duct

of Oddi

hdajor
duodenal
papilla

Duodenum portion
of the small

mtestine FADAM.

<)



Algumas funcoées do figado

1. Funcao digestiva:
Sintese e secrecao de sais biliares

2. Funcao excretora:
colesterol e bilirrubina (bile)

3. Funcoes Metabdlicas:
Regulagcao da glicemia;
Metabolismo lipidico: beta-oxidacao, formagao dos corpos cetdnicos, sintese de
lipoproteinas (VLDL e HDL) e AG;
Metabolismo protéico: sintese de a.a. ndo essenciais e proteinas plasmaticas,
desaminacao de aminoacidos e conversao de NH3 em uréia.

4. Funcoes de degradacao e ativagao hormonal:
Degradacao da hemoglobina;
Degradacao de adrenalina e noradreanalina;
Conversao de horménios e vitaminas nas formas ativas: deiodinizagao da tiroxina,
hidroxilagao da vitamina D

5. Metabolismo e armazenamento de vitaminas:
Vitaminas lipossoluveis e algumas hidrossoluveis.

6. Biotranformacao: B
Metabolismo de compostos enddgenos e exdgenos (pe, conjugacio). |




A MAJOR VESSELS
Liver _

Hepatic vein LA

Circulacao Hepatica

Portal vein

Arterial:
Celiac

Aorta abdominal — artéria celiaca artery

Superior
mesenteric
artery

fk-n.

Venosa:
Veia porta hepatica
Veia hepatica — veia cava inferior

Inferior

\
{ mesenteric Pancreas

Suprimento:
artéria hepatica e veia porta
(sangue misto)

) h N7
W&
W'
Drenagem: g 0 U

Abdominal aorta Inferior vena cava

Ve|a hepat|Ca © Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com
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Sinusoids

Bile
canaliculi

Bile duct
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Sinusoidal lumen
Kupffer cell

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
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Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Outros tipos celulares:
Células de Kupffer (macréfagos)
Células de Ito (lipécitos)
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Branch of
hepatic artery  Blood
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portal vein
Bile duct
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https://www.youtube.com/watch?v=6kshGRIn2BU

Secrecao Biliar

Bile = acidos biliares, fosfolipidios, colesterol, pigmentos biliares
eletrélitos (HCO;5, Na*, Cl, K* e Ca?*)
(outros metais, xenobiodticos)

Vesicula biliar: concentra bile entre as refeicoes
Acidos biliares:
1arios; célico e quenodesoxicolico
2aros: desoxicolico e litocolico

conjugados (glicina e taurina): mais hidrossoluveis



Sintese dos Acidos Biliares

CHOLESTEROL PRIMARY BILE ACIDS SECONDARY BILE ACIDS BILE SALTS
()
letia 5/
7«:—dahydroxyiasa \@—NH e
= GHy =
Conjugation
HO OH pKa~3.7
Cholic acid Deoxycholic acid Glycine
7a-hydroxylase

< //O Bactorla L //0
N
\y

C—OH 7rt-dohydroxyfaso
T O

Conjugation
HO OH HO pKa~1.5

Chenodeoxycholic acid Lithocholic acid Taurine

© Elsevier Ltd. Boron & Boulpaep: Medical Physiology, Updated Edition www.studentconsult.com



Unconjugated

BA~
Synthesis of ( BA-Z~ ﬁ
. ~ ~600 mg/day - Conjugated
Circulacao of ‘primary ~ —> BA Bilo
. bile acids” salts \
entero-hepatica
L] L] - BA.Z—
dos sais biliares \
H-BA - —
TPassive
absorption
SMALL H* + BA- == H-BA
INTESTINE A BA-Z- \
= =3 -
Bacteria in the terminal ileum and B:‘
the colon deconjugate bile salts
(BA-Z") to form bile acids (H-BA) “
and also dehydroxylate primary bile H-BA | Passive absorption Y,
acids to form secondary bile acids.
<
TERMINAL ) BA-Z~
\ ILEUM
Deoxycholic acid HBA Enteroc
ﬁ Lithocholic acid N
~ . )
Reabsorgdo: 95% (N O
i BA-Z BA-Z~ —
=== /
H + BA™ Conjugated
iy | bile acid 4 [
HBA : : -
I Passive absorption
~600 mg bile
acids lost
daily in feces
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EXCRECAO DE BILIRRUBINA

Senescent RBCs,
hemolysis,
ineffective erythropoiesis

Hepatocyte

) Heme-containing
Reticuloendothelial anzymes
system 1 uYe
Sinusoid Bilivardin i

Heme

l 1
Biliverdin
002<>/i

Bilirybin

— Endoplasmic
N\ reticulum

Bilirubin

Circulation

Bile canaliculi
Bilirubin-Albumin

Albumin
www.hepcentro.com.br

https://www.youtube.com/watch?v=d) dasmimE4

B BILIRUBIN SECRETION

Systemic circulation
Bilirubin-albumin

Bilirubin-
glucuronide and

Hepatocyte

\Gallbladder

Bilirubin-
glucuronide
v

Bilirubin

\

Urobilinogen Stercobilin — Excretion in feces

Small intestine

Kidne:
y\

QA

Q \\\‘\\T'
J //H ‘,'l,,'l
N 97

Urine
Urobilin
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https://www.youtube.com/watch?v=dJ_dasmimE4

SYSTEMIC CIRCULATION

Albumin

\ Unconjugated Bilirubin

P

—

>

Unconjugated Bilirubin )
Conjugated Bilirubin )

> pa—

Heptatocyte

Gall
Bladder
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ICTERICIAS: AUMENTO DE BILIRRUBINA NO
SANGUE

1. NAO HEPATICA OU NAO OBSTRUTIVA: Bilirrubina livre, ndo
conjugada no sangue. Aumento da destruicdo das hemacias; aumento da
producao de hemoglobina ou diminuicao da glicoronizagao por imaturidade
dos hepatécitos (recém-nascidos).

2. HEPATICA OU OBSTRUTIVA: Bilirrubina conjugada (‘direta’) no

sangue. Lesoes hepaticas por infecgoes virais, hepatites, etc.

3. DISTINCAO DIAGNOSTICA: dosagem das formas de bilirrubina no

sangue.




