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Struktura a inervace GIT

 STRUKTURA GIT

sliznice

* vystelka (epitel) — specializace v rozdilnych Castech GIT, dominuje sekrecni nebo absorpcni funkce,
dale bunky s funkci receptorovou

 vlastni slizni¢ni vrstva
e svalova slizni¢ni vrstva — zmeény plochy povrchu sliznice pro sekreci a absorpci

[ 4

odslizni¢ni vazivo — vyznam zejména v jicnu (bohaté Zilni pletené) a ve dvanactniku
Brunnerovy zlazy — produkce zasaditého sekretu = ochrana sliznice pred kyselou zaludecni

/

stavou + neutralizace natraveniny nezbytna pro spravnou funkci enzymU pankreatu).
svalovina
* Pricné pruhovana — pouze na zacatku a konci GIT
* Hladka - peristaltika
e Vnitfni kruhova — zmény lumenu travici trubice
* Vnéjsi podélna — zkraceni segmentu GIT
« Sikma — pouze Zaludek
vnéjsi vrstva
* Adventicie
* Pobfrisnice
Soucasti travici trubice je entericky nervovy systém: myentericky plexus (mezi vrstvou vnitrni
kruhové a vnéjsi podélné svaloviny) a submukozni plexus (oblast podslizni¢niho vaziva)



The Digestive System

{a) Overview of the digestive system
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FIGURE QUESTION

Mame the accessory glands and
organs of the digestive system.

Struktura a inervace GIT

(b) The salivary glands
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(f) Sectional view of the small intestine

(e) Sectional view of the stomach

by fingerlike villi and invaginations

Intestinal surface area is enhanced
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Struka a _inevace GIT

Intestinal
lumen

Microvilli

FIGURE 17-8

Microvilli on the surface of intestinal epithelial cells.

From D. W. Fawcetl, |. Histochem. Cytochem. 13: 75-91 (1965). Courtesy of Susumo lto.
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* Vnitini inervace — entericky nervovy systém
* Koordinace a prenos informaci ze sympatiku a parasympatiku do GIT
* Vyuziva lokalnich reflex(
* Kontrola vétsiny funkci GIT, zejména motility a sekrece
e Sestava z:
* Myenterické pletené (Auerbach(v plexus)
* regulace MOTILITY
* Submukozni pletené (Meissner(v plexus)
* regulace SEKRECE a KREVNIHO PRUTOKU
* senzorické informace z chemoreceptort a mechanoreceptor( GIT
* Vnéjsi inervace — parasympatikus a sympatikus
* Eferentni nervova vlakna — informace z mozkového kmene a michy do GIT

 Aferentni nervova vldkna — senzorické informace z chemoreceptord a
mechanoreceptoru v GIT do mozkového kmene a michy

e Parasympaticky systém
 Obvykle EXCITACNI (STIMULACNI) vliv na funkce GIT

* nervus vagus ﬁjl'cen, zaludek, pankreas, cast tlustého stfeva) —
vagovagalni reflexy
» sakrdlni parasympatikus (¢ast tlustého streva, rektum, anus)

* pregangliova parasympaticka vlakna inervuji myenterickou a
submukozni pleten, ganglia pleteni zprostredkovavaji prenos
informaci k bunkam hladké svaloviny, sekreénim a endokrinnim
bunkam GIT

* Sympaticky systém
 Obvykle INHIBICNI vliv na funkce GIT
* Nervova vldkna mezi T-8 a L-2

* Pregangliova cholinergni vlakna - prevertebrdlni ganglia -
ganglia myenterické a submukozni pletené - hladka svalovina,
sekrecni bunky, nebo buriky endokrinni

. Cé,ste,éné pfima postgangliova adrenergni inervace cév a pfipadné
i Casti hladké svaloviny
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Emotional states

J L
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FIGURE 17-13
Long and short neural reflex pathways activated by stimuli in the gastrointestinal tract. The long reflexes utilize neurons that
link the central nervous system to the gastrointestinal tract.

directly to the spinal cord and brain stem
(dashed fibers).
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INTEGRATION OF DIGESTIVE REFLEXES

Long reflexes are integrated in the CNS.

Some long reflexes originate outside Cephalic phase KEY
the Gl tract, but others originate in of digestion
the enteric nervous system. Short (feedforward) Stimulus D Targst
reflexes originate in the enteric
nervous system and are carried out sight. smell Ti
entirely within the wall of the gut. (sig etc) Sensor @ Tesvo roepones
+ Integrating
center e Short reflexes
Sensory
receptors .
pt [:] Output signal ~ sessle | ong reflexes

l
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plexuses intestine bicarbonate synthesis/release
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FIGURE QUESTIONS ancreas } Glucagon

1. Which effectors and responses are controlled by the
myenteric plexus and which are controlled by the Pfevzato. Silverthorn, D. U. Human Physiology — an
submucosal plexus? o .

2. What type of sensory receptor responds to stretch? Integrated Approach. 6th. edition. Pearson Education,
to osmolarity? to products of digestion? Inc. 2012.x

M Fig. 21.11



Rizeni ¢innosti GIT

Hormones Paracrines Neurocrines
{ Endocrine cell J [ Endocrine cell J [ Meuron ]
. . . Action
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Target cell Pfevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS —
Board Review Series. Lippincott Williams and Wilkins.
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Endokrinni rizeni - hormony GIT
Summary of Gastrointestinal (Gl) Hormones

Hormones  Homology (Family) Site of Secretion Stimulus for Secretion Actions

Gastrin Gastrin—CCK G cells of stomach Small peptides and amino acids T Gastric H* secretion
Distention of stomach Stimulates growth
Vagus (via GRP) of gastric mucosa

Inhibited by H* in stomach
Inhibited by somatostatin

CCK Gastrin—CCK | cells of duodenum Small peptides and amino acids  Stimulates contraction
and jejunum Fatty acids of gallbladder and
relaxation of sphincter
of Oddi

T Pancreatic enzyme and
HCO,™ secretion

T Growth of exocrine
pancreas/qallbladder

Inhibits gastric emptying

Secretin Secretin—glucagon S cells of duodenum H* in duodenum T Pancreatic HCO,~
Fatty acids in duodenum secretion
T Biliary HCO,~ secretion Pfevzato. Costanzo, L. .
| Gastric H* secretion Physiology. 5th. Edition. BRS —
GIP Secretin—glucagon  Duodenum and jejunum  Fatty acids, amino acids, and T Insulin secretion Board Review Series. Lippincott
oral glucose | Gastric H* secretion

Williams and Wilkins. 2011

CCK = cholecystokinin; GIP = glucose-dependent insulinotropic peptide; GRP = gastrin-releasing peptide.



GIT hormony — produkovany endokrinnimi bunkami sliznice GIT - portalni obéh - krevni
cirkulace - cilové bunky (endokrinni regulace)

* @Gastrin
,maly“ gastrin — 17 AMK
* velky” gastrin — 34 AMK — neni dimerem malého gastrinu!
e Aktivita vazana na Ctyri C-terminalni aminokyseliny
* Hlavni ucinky gastrinu:
« ZVYSUIE sekreci H* parietalnimi bufikami zaludku
* Troficky ucinek — stimuluje rlst sliznice Zaludku stimulaci syntézy RNA a protein(

« Uginek zprostfedkovan cholecystokinovymi B-receptory spfazenymi s G proteinem; ligandem je i
cholecystokinin

e Stimulace sekrece gastrinu
* Sekretovan G burikami antra Zaludku jako odpovéd na potravu:
* Pfitomnost malych peptid( a aminokyselin v lumen Zaludku, zejména fenylalaninu a tryptofanu
* Mechanické roztazeni zaludku
* Vagalni stimulace zprostfedkovand GRP

. Poan. atropin neblokuje sekreci gastrinu zprostredkovanou n. vagus - mediatorem je GRP ne
Ac

* Inhibice sekrece gastrinu
* H*vlumen Zaludku — negativni zpétna vazba
* Somatostatin
* Zollinger-EllisonQv syndrom (gastrinom)
* Nador non-beta bunék pankreatu
* ZvySena produkce gastrinu
* Gastrin produkujici tumory — hypertrofie a hyperplazie zaludecni sliznice
e Klinické navaznosti
* Vysetreni hladiny gastrinu
* Provokacni testy — sekretinovy stimulacni test, kalciovy infuzni test, test po standardizované potravée



Cholecystokinin (CCK)
* 33 aminokyselin, struktura homologni ke gastrinu (5 C-terminalnich AMK)
* Biologicka aktivita vazana na C-terminalni heptapeptid
* Hlavni ucinky CCK:
* Stimulace kontrakce Zlu¢niku a relaxace Oddiho svérace - vyluCovani zluce
* Stimulace sekrece enzym( pankreatu
¢ Stimulace sekretinem indukované pankreatické sekrece HCO;
» Stimulace rlstu exokrinniho pankreatu (troficky ucinek)
* Inhibice vyprazdiovani Zaludku — zejména potrava bohata na tuky
 Utinek zprostfedkovan cholecystokinovymi B-receptory spfazenymi s G proteinem
* Stimulace sekrece CCK
* Produkovan | (CCK) burikami duodena a jejuna jako odpovéd na:
* Malé peptidy a aminokyseliny v potravé
* Mastné kyseliny a monoglyceridy
* NE triglyceridy
Sekretin
* 27 aminokyselin
* Homologie s glukagonem (14 z 27 aminokyselin)
* VSechny AK nezbytné pro biologickou aktivitu sekretinu
* Hlavni ucinky sekretinu:
Glucose-dependent insulinotropic peptide (GIP)
* 42 AMK
* Homologie se sekretinem a glukagonem
* Hlavni ucinky GIP:
* Stimulace sekrece inzulinu — v pfitomnosti Glu (monosacharid(l) v potravé
* Inhibice sekrece H*
* Stimulace sekrece GIP
* Secernovan v duodenu a jejunu
* V zavislosti na sloZeni potravy (mastné kyseliny, AMK, glukdza)



Parakrinni rizeni

e Parakrinni fizeni — latky sekretovany endokrinnimi bunkami mukozy GIT -
transport na kratké vzdalenosti (difuze) - cilové bunky GIT

* Somatostatin
e Sekretovan GIT v zavislosti na pritomnosti H*
» Sekrece inhibovana vagalni stimulaci
* Inhibuje sekreci vsech Gl hormoni
* Inhibuje sekreci H*
* Histamin
» Sekretovan ECL bunkami (Zaludek)
» Zvysuje sekreci H* pfimo i nepfimo (gastrin, vagalni stimulace)



Neurokrinni rizeni GIT

* Neurokrinni fizeni — latky syntetizovany neurony GIT = axonalni transport -
uvolnovany v zavislosti na AP = difuze k cilovym bunkam
* VIP (vazoaktivni intestinalni peptid)
* 28 AMK, homologni se sekretinem
* Uvolnovan neurony mukdzy a hladké svaloviny GIT
* Relagace hladké svaloviny GIT
 Stimulace pankreatické sekrece HCOj", inhibice Zaludecni sekrece H*
* GRP (gastrin-releasing peptide, bombesin)
* Uvolfiovan z vagdlnich neuront, které inervuji G buriky
» Stimulace sekrece gastrinu z G bunék
* Enkefaliny (met-/leu-enkefalin)
» Sekretovany neurony mukdzy a hladké svaloviny GIT

» Stimulace kontrakce hladké svaloviny (zejména dolni jicnovy svérac, pyloricky a ileocekdIni svérac)
* Inhibice intestinalni sekrece tekutiny a elektrolytu
* Pozn. opidty a léCba prajmu



Funkce GIT

-Traveni — mechanické/chemickeé zpracovani potravy
-Vstrebavani

MASS BALANCE IN THE DIGESTIVE SYSTEM FOUR PROCESSES OF THE DIGESTIVE SYSTEM

To maintain homeostasis, the volume of fluid entering the Gl tract 0 ; Chemical and mechanical

by intake or secretion must equal the volume leaving the lumen. E breakdown of food into
absorbable units

. Movement of material

from Gl lumen to ECF

- Movement of material
Motility through the Gl tract as a

Fluid input into

-Motilita — posun + miseni traveniny digestive system \ e o
Id e Ingestion 1 _
-Skladovani o Mt
-Ochrana Secrston
. v . , , 1.5 L saliva
-Sekrece endokrinné aktivnich latek ands)
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FIGURE 17-2 . . .
Prevzato. Silverthorn, D. U. Human Physiology — an

Four processes carried out by the gastrointestinal tract: digestion, secretion, absorption, and motility.

Integrated Approach. 6th. edition. Pearson Education,
Pfevzato. Widmaier, E. P., Raff, H., Strang, K. T. Vander's Human Physiology: Inc. 2012.x
The Mechanisms of Body Function. 13th Edition. McGraw-Hill Education,

2013.



OVERVIEW OF MOTILITY, SECRETION, DIGESTION, AND ABSORPTION

KEY

M: motility
§: secretion
D: digestion
A absorption

Salivary gland

Upper esophageal
sphincter

Esophagus

Lower esophageal
sphincter

Liver
Gallbladder

Pylorus

Pancreas

lleocecal valve

Rectum

Anal sphincters

M Fig. 21.12

Oral Cavity and Esophagus

M: swallowing, chewing

S: saliva (salivary glands)

D: carbohydrates, fats (minimal)
Az none

Stomach

M: peristaltic mixing and propulsion

S: HCI (parietal cells); pepsinogen and gastric lipase
(chief cells); mucus and HCO5~ (surface mucous cells);
gastrin (G cells); histamine (ECL cells)

D: proteins, fats

A: lipid-soluble substances such as alcohol and aspirin

Small Intestine

M: mixing and propulsion primarily by segmentation

5: enzymes; HCOs™~ and enzymes (pancreas); bile (liver);
mucus (goblet cells); hormones: CCK, secretin, GIF,
and other hormones

D: carbohydrates, fats, polypeptides, nucleic acids

Az peptides by active transport; amino acids, glucose,
and fructose by secondary active transport;
fats by simple diffusion; water by osmosis; ions,
minerals, and vitamins by active transport

- Large Intestine

M: segmental mixing; mass movement for propulsion
S: mucus (goblet cells)
D: none (except by bacteria)

Az ions, water, minerals, vitamins, and small organic
molecules produced by bacteria

Prevzato. Silverthorn, D. U. Human Physiology — an
Integrated Approach. 6th. edition. Pearson Education,
Inc. 2012.x



Motilita GIT

e Regulovany pohyb potravy
* PocatecCni a koncovy Usek GIT — pricneé pruhovana svalovina — volni kontrola

e Ostatni ¢asti — hladka svalovina — neovladatelna vuli

* Elektrické syncitium (gap junctions propustné pro ionty — Sifeni potencialu na delsi
vzdalenosti)

» Elektromechanicky coupling — depolarizace plazmatické membrany, otevreni vapnikovych
kanall, aktivace kontraktilniho aparatu

* Farmakomechanicky coupling — otevreni vapnikovych kandl po vazbé ligandu na receptor,
bez zmény elektrického potencialu

* Typicka organizace do vrstev
 Vrstva cirkularni svaloviny pomérné silna — zmenseni lumenu
* Longitudinalni svalovina — zkraceni délky
* |nervace



Druhy pohybu GIT

* Propulzivni — pohyb prijaté potravy, tekutin, atd. dopredu

* TrituraCni — rozmeélnéni potravy na drobné casti

* Mixacni — promiseni, kontakt s absorpcnim povrchem

* Relaxa¢né adaptivni — reakce na zménu ndplné, prizplisobeni se objemu naplné
* Pozn. Peristalticka vina — fizeny posun traveniny

e Bazalni elektricka aktivita

* Rytmicka oscilace membranového potencialu -65 az -45 mV
Spousténa Cajalovymi bunkami (pacemakerova funkce)
Od stredni tretiny Zaludku aboralné jiz pfitomny, rizna frekvence
Zakladni aktivita — pomala vina
Na pomalou vinu mlze nasedat vlastni akéni potencial

* Pozn. Migrujici motoricky komplex

. §1Ina motorické kontrakce spoustéjici se v oblasti zaludku a probihajici celou délkou GIT az k distalnimu
ileu

* Frekvence 1/90 min
* Funkce?



Motilita
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Obr. 7.36 Membranovy potencial a jeho zmény ve sténé traviciho traktu (zde tenké
strevo)

Pfevzato. Kittnar, O. a kolektiv. Lékarska fyziologie. 1. vydani. GRADA
publishing, 2011.

GASTROINTESTINAL MOTILITY

(a) Peristaltic contractions are responsible for forward movement. (b) Segmental contractions are responsible for mixing.

Alternate segments contract, and there
is little or no net forward movement.

(c) The migrating motor complex (MMC) is a series of contractions (d) Slow waves are spontaneous depolarizations
that begin in the empty stomach and end in the large intestine. in Gl smooth muscle.

Action Action potentials fire
potential when slow wave
Membrane Slow potentials exceaed
potential wave threshold.

(mV)
Threshold - -4 -

The force and duration
of muscle contraction
are directly related to

e the amplitude and
contraction frequency of action

potentials.

Time ——=

Prevzato. Silverthorn, D. U. Human Physiology — an
Integrated Approach. 6th. edition. Pearson Education,
WFg. 214 Inc. 2012.x



T
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Liver : sphincters
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Gallbladder — 7 _. J— Pylorus
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valve external anal
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Koeppen & Stanton: Bemne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



Sekrece

-Denné az 5 - 7 | travicich stav/ 35 g bilkovin
-Role ER a skladovani ve vezikulech v
apikalni Casti bunék

TABLE 26-2

Principal digestive enzymes.*

Source Enzyme Activator Substrate Catalytic Function or Products
Salivary glands Salivary c-amylase a- Starch Hydrolyzes 1:4a linkages, producing o-limit dextrins,
maltotriose, and maltose
Lingual glands Lingual lipase Triglycerides Fatty acids plus 1,2-diacylglycerols
Stomach Pepsins (pepsinogens) HCI Proteins and Cleave peptide bonds adjacent to aromatic amino
polypeptides acids
Gastric lipase Triglycerides Fatty acids and glycerol
Exocrine Trypsin (trypsinogen) Enteropepti- Proteins and Cleave peptide bonds on carboxyl side of basic ami-
pancreas dase polypeptides no acids (arginine or lysine)
Chymotrypsins Trypsin Proteins and Cleave peptide bonds on carboxyl side of aromatic
(chymaotrypsinogens) polypeptides amino acids
Elastase (proelastase) Trypsin Elastin, some other Cleaves bonds on carboxyl side of aliphatic amino
proteins acids
Carboxypeptidase A Trypsin Proteins and Cleave carboxyl terminal amino acids that have
(procarboxypeptidase A) polypeptides aromatic or branched aliphatic side chains
Carboxypeptidase B Trypsin Proteins and Cleave carboxyl terminal amino acids that have basic
(procarboxypeptidase B) polypeptides side chains
Colipase (procolipase) Trypsin Fat droplets Facilitates exposure of active site of pancreaticlipase
Pancreatic lipase Triglycerides Monoglycerides and fatty acids
Bile salt-acid lipase Cholesteryl esters Cholesterol
Cholesteryl ester hydrolase Cholesteryl esters Cholesterol
Pancreatic c-amylase c- Starch Same as salivary o-amylase
Ribonuclease RNA Nucleotides
Deoxyribonuclease DNA Mucleotides
Phospholipase A, Trypsin Phospholipids Fatty acids, lysophospholipids
(pro-phospholipase Al
Intestinal Enteropeptidase Trypsinogen Trypsin
mucosa
Aminopeptidases Polypeptides Cleave amino terminal amino acid from peptide
Carboxypeptidases Polypeptides Cleave carboxyl terminal amino acid from peptide
Endopeptidases Polypeptides Cleave between residues in midportion of peptide
Dipeptidases Dipeptides Two amino acids
Maltase Maltose, maltotriose, Glucose
o-dextrins
Lactase Lactose Galactose and glucose
Sucrase® Sucrose; also maltotriose  Fructose and glucose
and maltose
o-Dextrinase® o-Dextrins, maltose Glucose
maltotriose
Trehalase Trehalose Glucose
Nuclease and related enzymes Nucleic acids Pentoses and purine and pyrimidine bases
Cytoplasm of Various peptidases Di-, tri-, and tetrapeptides  Amino acids
mucosal cells

*Corresponding proenzymes, where relevant, are shown in parentheses

3sucrase and a-dextrinase are separate subunits of a single protein.

Prevzato. Barret,
K., Brooks, H.,
Boitano, S.,
Barman, S.

Ganong’s review
of Medical
Physiology. 23rd.
Edition. McGraw
Hill Medical,
2010.



Sekrece slin

 Tri pary velkych slinnych zlaz +
mnozstvi malych slinnych zlazek
dutiny ustni

» Bazalni sekrece (0.5 mi/min)

 Vyvolana sekrece (5 — 7 ml/min v
zavislosti na podnetu a urovni
hydratace organismu)

e Stimulace sekrece slin
« Sekrecni mechanismus
e Filtracni mechanismus

 Denne cca 1.5—-21slin
* Snizena produkce slin?

Slozeni slin

Hypotonicke, neutralni pH

Voda (99.4 %)
lonty (HCO3-, |-, K+, Cl-, Ca2+,
fostaty)
Organicke latky
Travici enzymy:
a-amylaza (ptyalin, pH opt.
7, rozmezi 4-11)
Jazykova lipaza
Kallikrein (kininogen —
bradykinin) — vazodilatacCni
ucinek
Lysozym
Laktoferrin
Imunoglobulin A



Sekrece slin

-Primarni slina (aciny)

-Sekundarni slina (vyvody)
-ruzné typy kanalu a vymeéniku na
luminalnim/bazolateralnim poélu
-Tight junctions nepropustné pro vodu!

Concentration
relative to
[plasmal]
Na*; < plasma
osmolarity Ma*® K+
s = Acinar cells
g 3 _ Ductal cells
S .= HCO > plasma .
§°E o e Plasma-like
E 2 ////'GI < plasma solution (isotonic) — Saliva (hypotonic)
K= > plasma
Flow rate of saliva C- HCO4
FIGURE 6-4 Composition of saliva as a function of salivary flow rate. FIGURE 6-5 Modification of saliva by ductal cells.

Prevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS — Board
Review Series. Lippincott Williams and Wilkins. 2011



Regulace sekrece slin

Vyraznéjsi efekt parasympatiku!

Conditioning Dehydration

Food Fear

Nausea Sleep

Smell Anticholinergic drugs

l ;
1
¥
Parasympathetic Sympathetic
ACh NE

* Atropine l
Muscarinic receptor mm B Receptor

i Acinar and ductal cells l
IP, Ca* cAMP
Saliva

FIGURE 6-6 Regulation of salivary secretion. ACh = acetylcholine; cAMP = cyclic adenosine monophosphate; P, = inos-
itol 1,4,5-triphosphate; NE = norepinephrine.

Pfevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS — Board
Review Series. Lippincott Williams and Wilkins. 2011

podminéni reflexy
viiné
pachy
chut’
nauzea

ganglion cervicale
superius

slinna zlaza

Obr. 7.6 Regulace sekrece slinnych Zlaz (NA — noradrenalin, ACh — acetylcholin,
IP,— inositoltrifosfat, cAMP — cyklicky adenosinmonofosfat)

Pfevzato. Kittnar, O. a kolektiv. Lékarska fyziologie. 1. vydani. GRADA
publishing, 2011.



SECRETORY CELLS AND THE MUCUS-BICARBONATE BARRIER OF THE STOMACH

(a) Secretory cells of the gastric mucosa

GASTRIC MUCOSA CELL TYPES

of gastric S
neck cell

Openin S -f":-‘-{""’_':':
o g .'(“ b'/.w I Mucous
gland y @

like cell

Chief cells

D cells

G cells

SUBSTANCE SECRETED

Mucus

Bicarbonate
Gastric acid (HCI)
Intrinsic factor
Histamine
Pepsin(ogen)
Gastric lipase

Somatostatin

Gastrin

(b) The mucus-bicarbonate barrier

STIMULUS FOR RELEASE

Tonic sacretion; with
imitation of mucosa

Secreted with
mucus

Acetylcholine,
gastrin, histamine

Acetylcholine,
gastrin
Acetylcholine, acid
secretion

Acid in the stomach

Acetylcholine,
peptides,
and amino acids

FUNCTION OF SECRETION
Physical barrier between
lumen and epithelium

Buffers gastric acid to
prevent damage to
epithelium

Activates pepsin;
kills bacteria

Complexes with vitamin
B; to permit absorption

Stimulates gastric
acid secretion

Digests proteins
Digests fats

Inhibits gastric acid
secretion

Stimulates gastric
acid secretion

- Stomach

Zaludeéni sekrece

-Denné 1-2.51

-pH kyselé, pfi maximalni stimulaci nizsi nez 1
-Rozmélnéna potrava pufruje pHna 1.8 -4
-Vyznam HCI:

-Kyselé pH (¢innost enzym{, protekce nékterych vitamind,

konverze nerozpustnych latek)
-Baktericidni ucinek

-Bobtnani vaziva

-Koagulace bilkovin

-Redukce Zeleza (trojmocné — dvojmocné)

F :'. {9[ The mucus layer is a physical barrier.

CO;  Bicarbonate is a chemical ~ HCO4 layer
y 9 barrier that neutralizes acid. 9
pH ~ 7 at cell surface
Gastric mucous cells —|

Prevzato. Silverthorn, D. U. Human
Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x

Gastric juice pH ~ 2 lumen
A — |

r Mucus

= droplets

"_',_'—;7Mucus



G T BB Gastric Cell Types and their Secretions

Cell Type Part of Stomach Secretion Products Stimulus for Secretion
Parietal cells Body (fundus) HCI Gastrin
Vagal stimulation (ACh)
Histamine

Intninsic factor (essential)

Chief cells Body (fundus) Pepsinogen (converted to Vagal stimulation (ACh)
pepsin at low pH)
G cells Antrum Gastrin Vagal stimulation {via GRP)

Small peptides

Inhibited by somatostatin

Inhibited by H* in stomach
{via stimulation of somato-
statin releasea)

Mucous cells Antrum Mucus Vagal stimulation (ACh)
Pepsinogen

ACh = acetyicholine; GRP = gastrin-releasing peptide.

Prfevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS — Board
Review Series. Lippincott Williams and Wilkins. 2011



Fundus

Esophagus

Lower esophageal
sphincter
Body (secretes

MUCUS, pepsinggen,
and HCI)

Duodenum

Antrum
(secretes

Pyloric TRICLS,
sphincter pepsinagen,
and gastrin)

FIGURE 26-4 Anatomy of the stomach. The principal secre-
tions of the body and antrum are listed in parentheses. {Reproduced
with permission from Widmaier EP, Raff H, 5trang KT: Vander's Humarn Physiology: The
Mechanisms of Body Function, 11th ed. McGraw-Hill, 2008.)

Prevzato. Barret, K., Brooks, H., Boitano, S.,
Barman, S. Ganong’s review of Medical
Physiology. 23rd. Edition. McGraw Hill
Medical, 2010.

kardie

— mucindzni bunky

= parietalni bunky
— hlavni buriky

— bunky kréku

antrum :
- G-buiiky

— mucinézni buriky
— D-buriky
— ECL-buriky

pylorus
— mucinézni
bunky

Prevzato. Kittnar, O. a kolektiv. Lékarska
fyziologie. 1. vydani. GRADA publishing,
2011.



Vagus G cells ECL cells

A , l

ACh Gastrin Histamine Somatostatin Prostaglandins

+ Atropine + Cimetidine J l

*
Ms ( cCKg ( Hz

receptor receptor receptor
7—/ 7—/ |
|
|

Gq Gs ’.Gi
® v = Gastric
e parietal
IP4/Ca®* cAMP cell

® /B'
J\J\/\NV\/\(Hgm_ATpEEE)/W\NW\_/
Lumen

+ Omeprazole

H* secretion

FIGURE 6-9 Agents that stimulate and inhibit H* secretion by gastric parietal cells. ACh = acetylcholine; cAMP =cyclic  pr. 210 Cost LS. Physiol Sth
adenosine monophosphate; CCK = cholecystokinin; ECL = enterochromaffin-like; IP, = inositol 1, 4, 5-triphosphate; M = E;?;?Zano. BF?SS afzoéoa;rd' Re\\//?:ec\)/vogg.eries.

muscarinic. Lippincott Williams and Wilkins. 2011




Mechanismus sekrece HCI

Lumen Blood Stream
o — \ Na’, K" ATPase
’/’_ oK+ * = I' =
Potassium \ ( U )
channel NS

| > 3Na*

Na*
NHE-1

A

( < iC.A.II i

K* ) —> HCO;
H*, K* ATPase (V)
H+ <« S~ H* + HCD:;

Y

< > HCO;
Cl~ < i J ClI™ = ]
cic \u ) CI'HCO4
exchanger
Chloride
channel
Apical Basolateral

FIGURE 26-10 lon transport proteins of parietal cells. Protons are generated in the cytoplasm via the action of carbonic anhydrase I
(C.A.1l). Bicarbonate ions are exported from the basolateral pole of the cell either by vesicular fusion or via a chloride/bicarbonate exchanger.
(Adapted from Barrett KE: Gastrointestinal Physiology. McGraw-Hill, 2006.)

Prevzato. Barret, K., Brooks, H., Boitano, S., Barman, S. Ganong’s review of Medical
Physiology. 23rd. Edition. McGraw Hill Medical, 2010.



Regulace sekrece HCI

ANTRUM FUNDUS
Peptides/amino acids

l -

| G cell T_ ACh

N o
| ‘/H S Cm“;:‘«% [}\— Parietal cell
D cell , '
? S
\ Gastrin
S

ST

Chief cell

Histamine
el _
ACh >/~

ECL cell

Circulation
< Nerve ending

FIGURE 26-7 Regulation of gastric acid and pepsin secretion by soluble mediators and neural input. Gastrin is released from G cells in the
antrum and travels through the circulation to influence the activity of ECL cells and parietal cells. The specific agonists of the chief cell are not well under-
stood. Gastrin release is negatively regulated by luminal acidity via the release of somatostatin from antral D cells. (Adapted from Barrett KE: Gastrointestinal

Physiology. McGraw-Hill, 2006.)

Prevzato. Barret, K., Brooks, H., Boitano, S., Barman, S. Ganong’s review of Medical
Physiology. 23rd. Edition. McGraw Hill Medical, 2010.



entero-
chromafinni
bunka

parietalni
burnka

H ——

aminokyseliny

Obr. 7.11 Stimulace sekrece HCI (PLC — fosfolipaza, IP,— inositoltrifosfat, AC — ade-
nylateyklaza, cAMP — cyklicky adenosintrifosfat, ACh — acetylcholin, M3 — muskarinové Prevzato. Kittnar, O. a kolektiv. Lékafska

: . ; S , fyziologie. 1. vydani. GRADA publishi
cholinergni receptory, H2 — histaminove receptory, CCK-2 — receptory pro gastrin) 2\:)2101 cgle. 1. vydanl. & publishing,



Faze zaludecni sekrece aktivovane

potravou

Vagal center
of medulla

Cephalic phase via vagus

Parasympathetics excite
pepsin and acid production

—

Food Secretory

fiber

, Gastric phase:

1. Local nervous
secretory reflexes

2. Vagal reflexes

3. Gastrin-histamine
stimulation

/
Afferent  Vagus

fibers trunk Local nerve\
plexus

Circulatory system
Gastrin

Intestinal phase:
—— 1. Nervous mechanisms

2. Hormonal mechanisms
Small bowel

1. Cefalicka faze — n. vagus (na zakladé podminénych

a nepodminénych reflexd)
- Stimulace G bunék/parietalnich bunék

2. Gastricka faze — reflexni a humoralni stimulace
- zvétSeni objemu zZaludku
- zvySeni zaludecniho pH
- zavisla na plsobeni
(peptidy, AMK)

3. Intestinalni faze
- humoralni rizeni + vliv slozeni potravy
- kysely chymus — sekretin
- MK, AMK v duodenu — GIP, CCK = potlaceni
sekrece gastrinu

zaludecéniho obsahu

Figure 64-7

Phases of gastric secretion and their regulation.



INTEGRATION OF CEPHALIC AND GASTRIC PHASE SECRETION

The cephalic phase is initiated by the
sight, smell, sound, or thought of
food or by the presence of food in the
mouth. The gastric phase is initiated
by the arrival of food in the stomach.

secretion by direct action
on parietal cells or indirectly
through histamine.

Somatostatin release by H*
is the negative feedback
signal that modulates acid
and pepsin release.

Acid stimulates short
reflex secretion of
pepsinogen.

i FIGURE QUESTIONS

1. Is the autonomic vagal
input sympatheticor | L & L 8 b oeell n
parasympathetic?

2. What are the neurotransmitter
and receptor for this input?

L B L R R T rurysy Sy . [




THE INTESTINAL PHASE

(a) Integration of gastric and intestinal phases

Chyme moving into the duodenum
triggers neural and endocrine reflexes that

1. Initiate enzyme and bicarbonate
secretion;

2. Feed back to slow gastric digestion and
emptying;
3. Feed forward to start insulin secretion.

Prevzato. Silverthorn, D. U. Human
Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x
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Pankreaticka sekrece

Izotonicka s ECT!

Endocrine cells
of pancreas
Exocrine cells —<
(secrete _ o
/ r L , Y 06
enzymes) [ 7 : (=

]
1
W ot
-\.A_I"J

| il

| A e Exocrine
' pancreas

—— Duct cells
(secrete
bicarbonate)

Fancreas

—\
Gallbladder f /A

Pancreatic duct

Common bile

Duodenum duct from gallbladder

FIGURE 26-11 Structure of the pancreas. (Reproduced with par-
mission from Widmaier EP, Raff H, Strang KT: Vander's Human Physiology: The Mecha-
nisms of Body Function, 11th ed. McGraw-Hill, 2008.)

TABLE 26-3 Composition of normal human
pancreatic juice.

Cations: Na*, K¥, Ca®*, Mg** (pH approximately 8.0)
Anions: HCO, ", CI-, 50,2, HPO, >

Digestive enzymes (see Table 26-1; 95% of protein in juice)

Other proteins
Trypsin (trypsinogen) Enteropepti- Proteins and Cleave peptide bonds on carboxyl side of basic ami-
dase polypeptides no acids (arginine or lysine)
Chymotrypsins Trypsin Proteins and Cleave peptide bonds on carboxyl side of aromatic
(chymotrypsinogens) polypeptides amino acids
Elastase (proelastase) Trypsin Elastin, some other Cleaves bonds on carboxyl side of aliphatic amino
proteins acids
Carboxypeptidase A Trypsin Proteins and Cleave carboxyl terminal amino acids that have
(procarboxypeptidase A) polypeptides aromatic or branched aliphatic side chains
Carboxypeptidase B Trypsin Proteins and Cleave carboxyl terminal amino acids that have basic
(procarboxypeptidase B) polypeptides side chains
Colipase (procolipase) Trypsin Fat droplets Facilitates exposure of active site of pancreaticlipase
Pancreatic lipase Triglycerides Monoglycerides and fatty acids
Bile salt-acid lipase Cholesteryl esters Cholesterol
Cholesteryl ester hydrolase Cholesteryl esters Cholesterol
Pancreatic a-amylase cr Starch Same as salivary a-amylase
Ribonuclease RMA Nucleotides
Deoxyribonuclease DNA MNucleotides
Phospholipase A, Trypsin Phospholipids Fatty acids, lysophospholipids
(pro-phospholipase A%

Prevzato. Barret, K., Brooks, H., Boitano, S., Barman, S. Ganong’s review of Medical
Physiology. 23rd. Edition. McGraw Hill Medical, 2010.



(b) Activation of pancreatic zymogens

Inactive enzymes secreted by the pancreas are

activated in a cascade. Trypsinogen is activated
to trypsin by brush border enteropeptidase, and
trypsin then activates other pancreatic enzymes.

ZYMOGENS

Sekrece enzymd * Chymotrypsinogen

-Skladovani ve vezikulech drsného ER * Procarboxypeptidase
* Procolipase

-Zymogenni granula v apikalni ¢asti

i = . holi
-Po stimulaci uvolnéni do lumen v NEAKTIVNI FORME! Prophospholipase

W Fig. 21.17
Prevzato. Silverthorn, D. U. Human

Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x



Acid from stomach
releases secretin from
wall of duodenum;

1 \[\']V:Leégnd fats and amino acids
3 cause release of
c [ Enzymes cholecystokinin Common
o bile duct
E
: \ / .
o agal
i stimulation
= releases
0 / enzymes
e into acini
©
o
‘E -
@ Secretin causes
© copious secretion
- Secretin and of pancreatic fluid
cholecystokinin and bicarbonate;
absorbed into cholecystokinin
HCI Soap Peptone blood stream causes secretion
of enzymes
Figure 64-10

Figure 64-9

Regulation of pancreatic secretion.
Sodium bicarbonate (NaHCOg), water, and enzyme secretion by d P
the pancreas, caused by the presence of acid (HCI), fat (soap),

or peptone solutions in the duodenum.

Guyton and Hall Textbook of Medical Physiology. 12th Ed.
Elsevier 2006



Duct lumen Basolateral

I,F‘___———___________E'az + HED \
C.A > H”
o5 A O
HCO; < =% HCOz+H" < Na*
cl/HCO; Q T - | 2HCO,
Exchanger - |: } 3 NEC
o
| Ig‘\\; » 3Na* NE|.+_. K+
S A oK+ ATPase
Cl-
"—Hl :lf:_":' }" K* channel

('U
CFTR < _ e /

FIGURE 26-14 lon transport pathways present in pancreatic duct cells. CA, carbonic anhydrase; NHE-1, sodium/hydrogen exchanger-
1; NBC, sodium-bicarbonate cotransporter. (Adapted from Bamett KE: Gastrointestinal Physiology. McGraw-Hill, 2006.)

Prevzato. Barret, K., Brooks, H., Boitano, S., Barman, S. Ganong’s review of Medical
Physiology. 23rd. Edition. McGraw Hill Medical, 2010.



Rizeni sekrece pankreatické stavy

Nervové/humoralni

Sympatikus (-), parasympatikus (+)

Sekretin (S-bunky), cholecystokinin (I-bunky, oba duodenum)
Hlavni funkce pankreatické stavy — neutralizace traveniny

Rizeni sekrece pankreatické §tavy potravou

* Cefalicka faze
* Reflexy, hypoglykemie, n. vagus
* Cca 20 % sekrece
e Gastricka faze
* naplnéni zaludku
* n.vagus + gastrin
* Intestinalni faze — sekretin (HCO;"), cholecystokinin (travici enzymy)
* Cca 70— 80 % sekrece
» Stimulace kyselym pH traveniny v duodenu
e Stimulace tuky a proteiny v traveniné



odminéné reflex

Eﬂp& chut . ncl. vagus (vagovagaini
vykan f
olykani ies
ypoglykemie h-¥agus

\pankreas v

buriky acint

-

sekretin =~
Obr. 7.18 Mechanizmus stimulace pankreaticke stavy — intestinalni faze (CCK — cho-
Obr. 7.17 Mechanizmus stimulace pankreatické stavy — cefalicka fiaze  lecystokinin, ACh—acetylcholin, AMK — aminokyseliny, VMK —volné mastné kyseliny)

Prevzato. Kittnar, O. a kolektiv. Lékarska fyziologie. 1. vydani. GRADA
publishing, 2011.

burky vyvodu



ZIug a jeji tvorba

-Traveni a absorpce tukU

Table 64-2

Composition of Bile

-Eliminace exogennich latek Liver Bile Gallbladder Bile
-Eliminace endogennich latek Water 97.5 g/dl 92 g/dl
Bile salts 1.1 g/dl 6 g/dl
o . Bilirubin 0.04 g/dl 0.3 g/dl
Tvorba zluci: Cholesterol 0.1 g/dl 0.3 to 0.9 g/dl
y Vi v , p Fatty acids 0.12 g/dl 0.3 to 1.2 g/dl
-Tvorba + Uprava ve zlucovych vyvodech | .cinin 0.04 g/dl 0.3 g/dl
-Skladovani/zahustovani ve zluéniku N o S mECL
-Uvolnéni ze zluéniku Ca™ 5 mEq/L 23 mEq/L
CI 100 mEg/L 25 mEq/L
-Transport do duodena HCO, 28 mEq/L 10 mEq/L
Sloienl" Guyton and Hall Textbook of Medical Physiology. 12th Ed.

. Elsevier 2006
-zluCové kyseliny

-zlucova barviva
-cholesterol, fosfolipidy, ionty



Tvorba zluci

-Hepatocyty v jaternich laltccich
-Sekrece zavisla na zlucovych kyselinach
-Bunky kanalikult
-dostatecné mnozstvi zlucovych kyselin v krvi
-terminalni faze traveni
-Zlu¢ové kyseliny (az 50 % DW)
-Aktivni transport
-Osmoticky aktivni
-Sodné a draselné soli
-Tvorba micel
-Reabsorpce (terminalni ileum) (75 %)
-Sekundarni zlucové kyseliny (25%, tracnik)
-Sekrece nezavisla na zlucovych kyselinach
-Bunky Zlucovych kanalkd
-Sekretin (HCO;)
-Zluénik
-30-60 ml
-Zahusténi zluci v pomeéru 1:10 (transport Na+ a Cl-)
-Acidifikace zluci

jaterni lalti¢ek vena centralis

portobilidrni prostor

s

JATERNI LALUCEK

zlucovod -

\ jaterni tepna

vétev
vratnicove o , S
, > 28 Tt a fe) >
(glortalm') 1 ;wngggg?___,n_,
Zl \ = — —— — . .
y s> 3% sinusoidy
¢ centralni
(odvodna)
o zila
zlucpve
kanalky



Causes of gallstones:
1. Too much absorption of water
from bile
2. Too much absorption of bile
acids from bile

3. Too much cholesterol in bile St
< 4. Inflammation of epithelium pes

Liver

—————— »---{ Gallbladder |----- --M--- Bile salis

Sphincter

of Oddi 1:
Gallbladder %@ \ y'— Hepatic duct

Duodenum

Liver | Cholesterol —s= Bile salis

i Stones \\ ourse followed by bile:
i - \1 During rest

i Cystic duct
T e B oo g }—2 During digestion
- Ngt F
— y," Common bile duct
FIGURE 6-12 Recirculation of bile acids from the ileum to the liver. CCK = cholecystokinin. Sphincter of Oddi
fl,
Pfevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS — Board Papilla of Vater ————g == —— Pancreatic duct
Review Series. Lippincott Williams and Wilkins. 2011
Duodenum
Guyton and Hall
Textbook of Medical
Figure 64-12 Physiology. 12th  Ed.

_ Elsevier 2006
Formation of gallstones.



Red blood cells

;

Hemoglobin
cholesterol { _ _
Biliverdi Reticuloendothelial
¥ 5 / . Hiveardin SYStEITI
Zlu¢ove kyseliny {
/ / Bilirubin
Bilirubin-albumin Bloodstream
i =
ah] 11 0] 48
o - jatra i
= =
© © Bilirubin
£ |3
1 |® iR | e
Excreted in urine «-——— Conjugated
- bilirubin
Oddiho svérac /_
Conjugated bilirubin Bile
duodenum |
E £ 4
= =3
2 S Conjugated bilirubin Small intestine
2 |
Enterohepatic 4——— Urobilinogen Terminal ileum
circulation ‘
e e . K . Urobili
Obr. 7.21 Enterohepatalni obéh zlucovych kyselin i Colon
Excreted in feces
FIGURE 6-15 Bilirubin metabolism. UDP, uridine diphosphate.
" . . Ny . . , Pfevzato. Costanzo, L. S. Physiology. 5th. Edition. BRS —
Prevzato. Kittnar, O. a kolektiv. Lékarska fyziologie. 1. vydani. GRADA . . . .y gy' . L
L Board Review Series. Lippincott Williams and Wilkins.
publishing, 2011.

2011



Regulace sekrece
ZIucCli

-Kontrakce zlucniku
-Hormonalni rizeni

-Duodenum — MK + CCK

-CCK — relaxace Oddiho sverace
-Pozn. cholagoga

Guyton and Hall Textbook of Medical Physiology. 12th Ed.

Elsevier 2006

Figure 64-11

Liver secretion and gallbladder emptying.

Secretin via
blood stream
stimulates
liver ductal
secretion

Bile stored and
concentrated up
to 15 times in
gallbladder

Vagal stimulation

Bile acids via blood causes Weak
stimulate parenchymal contraction of
secretion gallbladder

Stomach

/

Acid

7 \

Pancreas

Sphincter of ‘
Oddi Duodenum

Cholecystokinin via blood stream causes:
1. Gallbladder contraction
2. Relaxation of sphincter of Oddi



THE VILLUS AND A CRYPT IN THE SMALL INTESTINE

Willi and crypts increase the effective surface area of the small intestine.
Stem cells in the crypts produce new epithelial cells to replace those

-4 -4 that die or are damaged. Most absorption occurs along the villi. Maost
raveni a absorpce
Brush border
"._._. — Microvilli

-Potrava

-Traveni = proces chemického stépeni /,J
Enterncyrte

-Zejména tenkeé strevo!

-Vstfebavani — resorpce (absorpce) — enterocyty

—— Enterocytes transport nutrients and
ians.

-Vysoka resorpcni plocha

-Kerckringovy rasy a klky

-Mikroklky s vrstvou glykokalyxu
-RUzné transportni mechanismy
(bazolateralni membrana, apikalni membrana)

Capillaries transport most
abesorbed nutrients.

Goblet cells secrete mucus.

Lacteals transport most fats
to the Ilymph.

Stem cells divide to replace
damaged cells.

Crypt cells secrete ions and water.

v . Endocrine cells secrete hormones.
Prevzato. Silverthorn, D. U. Human

Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x

Muscularis mucosae




lumen stfeva
valmi pomalu se pohybujici vodné prostiedi

lykokal = - - \ e ) S m—
QlyroKalyx 7. s - apikaini
T — bunéina
e membrana
mikroklky — W ‘
tight -
junction
cyloplazma
— ]
membiana
bazalni
mezi- - membrana
bunéény
prostor
kotvici
membrana
Prevzato. Kittnar, O. a kolektiv. Lékarska

fyziologie. 1. vydani. GRADA publishing,

A e S ] : 2011.
Obr. .28 Sliznidns bariera tenkeho streva



Starches
— Ptyalin (saliva)-20-40%

— Pancreatic amylase-50-80%
Y

Maltose and 3 to 9 glucose polymers  Lactose Sucrose

Lactase
(intestine)

Sucrase

— Maltase and o-dextrinase (intestine)

Digestion and Absorption: Carbohydrates and Proteins y (ntestne)

i
Glucose
=F

Fructose

CARBOHYDRATES

Most carbohydrates in our diets are disaccharides and complex carbohydrates. Cellulose is not digestible.

¢ ! Pfevzato. Silverthorn, D. U. Human
All other carbohydrates must be digested to monosaccharides before they can be absorbed.

Physiology — an Integrated Approach. 6th.

. ) — y . edition. Pearson Education, Inc. 2012.x
(a) Carbohydrates break down into monosaccharides. (b) Carbohydrate absorption in the small intestine
Glucose polymers _afgest to Lumen of intestine
Starch, glycogen \ Glucose or Fructose enters
o000 : + O galactose
Glucose enters with 5, O Y on GLUTS and
- - Na* on SGLT and exits on GLUT 2.
Amylase Disaccharides exits on GLUT2. o0
.. Maltose Sucrose Lactose i
N > @@ o O
I I I
Maltase Sucrase Lactase
e @o°o ee KEY
2 glucose 1 glucose + 1 glucose + @ SGLT
1 fructose 1 galactose @ GLUT2
Monosaccharides @ GLUTS




PROTEINS

Proteins are Amino- Amino Peptide Carboxy-
chains of terminal end acids bonds

amino acids.

() Enzymes for protein digestion

Endopeptidases include

%?;f:ﬁ:ﬁ];e pepsin in the stomach, and
peptide bonds. trypsin and chymetrypsin

in the small intestine.

J'+H20

HoN | | COOH

l 2 smaller peptides l
H,N COOH| [HN

Exopeptidases digest terminal peptide
bonds to release amino acids.

Aminopeptidase || Carboxypeptidase

i+H20 |+H,0
HoN | ' @ cooH
Amino acid / Pep%ide \ Amino acid

H,N|@{COOH| [H.N|-@ cooH| [H.N|[e{cooH

terminal end

(d) Peptide absorption

After digestion, proteins are absorbed mostly as free amino acids.
A few di- and tripeptides are absorbed. Some peptides larger than
tripeptides can be absorbed by transcytosis.

B

Fepre o 7

Di- and tripeptides Amino acids Small peptides
cotransport with H*. || cotransport are carried intact
with Na*. across the cell by
H+ H**%.‘:" .'. transcytosis.
H ]E
Na* ‘i‘ Na* (.::,_j |
S )

J
Pepta dases l . f:;i\l
®

P

\ e
’m To the Vel —

Proteins Peptones

Pepsin Proteoses -|
PolypeptidesJ

Trypsin, chymotrypsin, carboxypolypeptidase,

proelastase
Polypeptides-l Peptidases
+ P Amino acids
Amino acidsJ

Prevzato. Silverthorn, D. U. Human
Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x




i - CH, - 500N

CHjy

Bile salt (glycocholic acid)

(b) Nonpolar side

} Carboxyl group

Polar side

Hydroxyl Peptide bond
groups

Fat globule

i

Bile salt Phospholipid

QEm ulsification @

Emulsion droplet

SER

FIGURE 17-
Emulsification of fat by bile salts and phospholipids. (=13



Emulsion droplet

. H : Intestinal
Bile salt I Ipase epithelial
cell
Monoglyceride Fatty acids Diffusion
Micelle Micelle
breakdown reformation

3

FIGURE 17-11

The products of fat digestion by lipase are held in solution in
the micellar state, combined with bile salts and
phospholipids. For simplicity, the phospholipids and colipase
(see text) are not shown and the size of the micelle is greatly

exaggerated. § Q1

Fat droplet

Bile salts
Phospholipids

O O O O | Emutsion

| droplets
l Bile salts B !-nLlI::':?n:If
o) Pancreatic lipase B
00 0o 000 O tract

010 o
OOOOOO 09 0,000 | Micelles

Free molecules
of fatty acids and
monoglycerides

BAAAATEES Y.V VN

Diffusion

Fatty acids and
: S
\ SNWWNW monoglycerides

cylglycerol synthetic ~ Epithelial

enzymes in endoplasmic cell
reticulum

Q)
—

Droplets of triacylglycerol\‘"
enclosed by membrane —
from the endoplasmic
reticulum

- Lacteal

Chylomicron

FIGURE 17-12

Summary of fat absorption across the walls of the small
intestine.



Digestion and Absorption: Fats

Most lipids are hydrophobic and must be emulsified to facilitate
digestion in the aqueous environment of the intestine.

(a) Bile salts coat lipids to make emulsions.

Hydrophobic side Polar side chains
associates (hydrophilic side
with lipids. associates with

water)

(b) Micelles are small disks with bile salts, phospholipids, fatty acids,
cholesterol, and mono- and diglycerides.

Diglyceride_  Monoglyceride Phospholipids
\\—|

(d) Fat digestion and absorption

(c) Lipase and colipase digest triglycerides.

Monoglyceride
Lipase,
Triglyceride
h +
MWV

MV
Free fatty acids

k™) Monoglycerides and fatty
acids move out of micelles
and enter cells by diffusion.

Prevzato. Silverthorn, D. U. Human

Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x



ION AND WATER ABSORPTION

(a) lron absorption

(c) Na*, K*, CI", and water absorption

} ECF

Lumen t Intestinal cell

TABLE 26-5 Daily water turnover (mL)
in the gastrointestinal tract.

Ingested 2000
Lumen Enterocyte ) ECF =
\ Na* enters cells Endogenous secretions 7000
Heme Heme g:ﬁ:gﬂe Salivary glands 1500
" '
Porphyrin + Fe?. ... Fe?* S, The Na*-K*-ATPase Stomach 2500
pumps Ma* into the Bile 500
Fedt Fe* -~ Cr =Ls
H* Ferroportin Na* Na* Pancreas 1500
DMTA Intestine +1000
7000
\‘ / Total input 9000
Reabsorbed 8800
(b) Calcium absorption Jejunum 5500
Organic Water and lleum 2000
) Paracellular solute K* move
Ca=t absorption is H,0, K* _./" through the Colon +1300
pathway. 8800
3 Na*
Balance In stool 200
2 W s 2+Z
Ca™— n = Transcellular ) - )
, ! Data from Moore EW: Physiology of Intestinal Water and Electrolyte Absorption.
3 transport is v . . - : .
Ca . regulated by Prevzato. Silverthorn, D. U. Human Physiology — an  American Gastroanterological Sociaty, 1976.

| Py

channel .. Ca®H vitamin Ds.
EAT§

Integrated Approach. 6th. edition. Pearson Education,

Inc. 2012.x

Prevzato. Barret, K., Brooks, H., Boitano, S., Barman,
S. Ganong’s review of Medical Physiology. 23rd.
Edition. McGraw Hill Medical, 2010.



N = B Summary of Digestion and Absorption

Nutrient Digestion Site of Absorption Mechanism of Absorption
Carbohydrates To monosaccharnides small intestine Na*-dependent cotransport (glucose,
(glucose, galactose, fructose) galactose)
Facilitated diffusion (fructose)
Proteins To amino acids, dipeptides, small intestine Na*-dependent cotransport (amino
tripeptides acids)
H*-dependent cotransport (di- and
tripeptides)
Lipids To fatty acids, monoglycerides, Small intestine Micelles form with bile salts in intestinal

Fat-soluble vitamins
Water-soluble vitamins

Vitamin B,

Bile acids

EEIE"'
FEI"'

cholesterol

Fe** is reduced to Fe?+

Small intestine
Small intestine
lleum of small intestine

lleumn of small intestine

Small intestine
Small intestine

lumen

Diffusion of fatty acids, monoglycerides,
and cholesterol into cell

Re-esterification in cell to triglycerides
and phospholipids

Chylomicrons form in cell {requires
apoprotein) and are transferred to
lymph

Micelles with bile salts

Na*-dependent cotransport

Intrinsic factor—vitamin B,; complex

MNa*-dependent cotransport; recirculated
to liver

Vitamin D—dependent (calbindin D-28K)

Binds to apoferritin in cell
Circulates in blood bound to transferrin

Prevzato. Costanzo, L. S.
Physiology. 5th. Edition. BRS -
Board Review Series. Lippincott
Williams and Wilkins. 2011



TABLE 27-1 Normal transport of substances by the intestine and location of maximum absorption or secretion.?

Small Intestine

Absorption of: Upper® Mid Lower Colon

Sugars (glucose, galactose, etc) ++ +++ +=+ 0

Amino acids ++ ++ ++ 0

Water-soluble and fat-soluble vitamins except vitamin By +++ == 0 0

Betaine, dimethylglycine, sarcosine + ++ ++ ?

Antibodies in newborns ~ - e+ 7

Pyrimidines {thymine and uracil) + + 7 7

Long-chain fatty acid absorption and conversion to triglyceride +++ - + 0

Bile acids + + +++

Vitamin By 0 + +++ 0

Ma* +++ ++ 4= —+4

K+ L + + Sec

ca™ +++ ++ + ?

Fe** tHt + + ! Pfevzato. Barret, K., Brooks, H.,

a i R + + Boitano, S., Barman, S. Ganong’s
review of Medical Physiology. 23rd.

50,7 =+ + 0 ? Edition. McGraw Hill Medical, 2010.

Aamount of absorption is graded + to +++. Sec, secreted when luminal K* is low.

|:'L.l;:lp:-er small intestine rafers primarily to jejunum, althouwgh the duodenum is similar in most cases studied (with the notable excaption that the duodenum secretes HCD;
and shows little net absorption or secretion of MaCl).



Imunitni funkce GIT

* Obrovska plocha!
* \/yznam neporusené sliznice GIT

e Sliznicni bariéra — hlen, lysozymy, fagocyty, pH prostredi, humoralni
faktory

* Imunitni systém traviciho traktu:
* Peyerovy plaky — lymfatické folikuly, produkce protilatek

* Bunky imunitniho systému — intraepithelové lymfocyty, lymfocyty v lamina
propria — produkce imunoglobulin(

* Drenazni systém portalni krve a lymfy



Bacteroides Prevotellaceae
Clostridium TM7
Lachnospiraceae Fusobacteria
Lactobacillus Proteobacteria Verrucomicrobium
Streptococcus Actinobacteria
Enterococcus Y

Yeast species

Duodenum Jeiunum

Streptococcus
Lactococcus
Staphylococcus
r ™\
Segmented filamentous
bacteria
Enterobacteriaceae
Bacteroides
Clostridium
S »

Increasing numbers and diversity of microbiota



>

Increasing numbers
Increasing diversity

Proximal
Gl tract
Lactobacillus
Stomach 10" > Veillonella
Helicobacter
2
Duodenum  10°
Bacilli
Streptococcaceae

Jejunum  10% b Actinobacteria
Actinomycinaeae

Corynebacteriaceae
lleum 107
o
Colon 1012 »Lachnospiraceae
Bacteroidetes
cells/gram
Distal
Gl tract

B
Epithelium Esﬂ?:;fl Mucus layer Intestinal lumen
LN v ' " v
Clostridium Bacteroides
Lactobacillus Bifidobacterium
Enterococcus Streptococcus
Enterobacteriacea
Enterococcus
Clostridium
Lactobacillus
Ruminococcus
C
Birth 1 year //

Increasing numbers

Numbers are maintained

Increasing diversity

Influences:

Composition evolves continuously

Maternal colonization
Diet

Environmental exposures
Antimicrobial therapies

-

Feces

Death



Small intestine

Lumen

MAMF‘S
G

Peyer's paich

Lamina propria

FAS

Large intestine OV

Colonocytes

Isolated lymphoid
follicle



Functional barrier T Mucus { Barrier defect

p o = s
lgA } PRAs 4
f @) \ ®) Gut : \. / o

homeostasis

-
- )

———

3 5

Tolerant
immune response

Dysregulated
immune response

Epithelium T TGF-p, IL-33, TSLP, BAFF, APRIL Epithelium TIL-6, IL-1
CD103"DCs T TGF-B, retinoic acid DCs TIL-12, IL-23
Treg Cells TIL-10, TGF-B Ty1 cells T IFN-y
FHZ:th']r’t+ ILCs TIL-22 T-bet” ILCs T IFN-y
Macrophages T IL-10 T 17 cells TIL-17A

Macrophages T TNF, IL-12
B cells T Commensal-specific IgG

B cells T Commensal-specific IgA



Dutina ustni

* Prijimani pevné/tekuté stravy (ukousnuti, sani, piti)
* Rozmeélnéni potravy (zuby, jazyk)
* Promichani potravy se slinami

* Percepce kvality stravy (chutové receptory, mechanoreceptory,
chemoreceptory)

* Imunitni ochrana organismu
» Soucast dychacich cest, aktikulace



Hltan, Jicen

* Transportni funkce - peristaltika

v

* Horni tretina pricné pruhované svalstvo, pozdeéji se misi s hladkou
svalovinou

* Horni jicnovy svérac
* Dolni jicnovy svérac



Zaludek

* Funkce — skladovani, mechanické a chemické zpracovani
* Objem zaludku - 50 ml, po jidleaz1,5- 21
* Po 20 min. — 1 hod. zacina zal. peristaltika
* Rozmeélnovani a promichavani => chymus

. Cetvn,é chemoreceptory — informace pro rizeni sekrece zaludku i
dalSich oddilu GIT

* V/strebavani — pouze mala cast vody, alkohol, néktera IéCiva



* Doba setrvani potravy v zaludku
* Voda 10 — 20 minut

* Smisena strava kolem 4 hodin

* S prevahou cukru 2-3hodiny

* Bohata na tuky az 7 hodin

* Vyprazdnovani zaludku

 Perjstaltika zaludku, je regulovana specializovanymi pacemakerovymi
Bunf(amlve dene 2afidke, P ymip y

* Peristalticka vina - pylorus - duodenum
. Zgétné VazFa (mnoho tuku, pfrilis kysely chymus, mnoho Zivin ke
zpracovani

e Rizeni nervové a hormonalni - sekretin, CCK



Duodenum

* Ridi sekreci a vyprazdfiovani Zzaludku (nervové a humoralné — GIP,
sekretin, CCK a somatostatin)

* Brunnerovy zlazky — sekrece HCO;

* Na Vaterskou papilu usti vyvody pankreatu a zlucniku => travici
enzymy, pankreatickd stava a zluc

* \/strebavani vit. B1, B2 a C, dale zeleza



Pankreas

e 2 hl. funkce

* Endokrinni — produkce hormonu
Alfa — glukagon

Beta — inzulin

Delta — somatostatin

PP (gama) — pankreaticky polypeptid,
stimulace tvorby Zaludecni stavy?

* Exokrinni — pankreaticka stava (1-21), jeji = |
slozeni zavisi zejména na podnétech z =
duodena



Jatra

sinusoidy

tramce hepatocytu
Zlucovy kanal . ¥

Obr. 7.19 Schéma jaterniho lalicku (,jaterni trias”)

Prevzato. Kittnar, O. a kolektiv. Lékarska
fyziologie. 1. vydani. GRADA publishing, 2011.

. Exocrine (digestive) functions (Chapter 17)

1. Synthesizes and secretes bile salts, which are necessary for adequate digestion and absorption of fats.
2. Secretes into the bile a bicarbonate-rich solution, which helps neutralize acid in the duodenum.

. Endocrine functions

1. In response to growth hormone, secretes insulin-like growth factor | (IGF-I), which promotes growth by stimulating cell
division in various tissues, including bone (Chapter 18).

Contributes to the activation of vitamin D (Chapter 16).

Forms triiodothyronine (T3) from thyroxine (T4) (Chapter 10).

Secretes angiotensinogen, which is acted upon by renin to form angiotensin | (Chapter 16).

Metabolizes hormones (Chapter 10).

Secretes cytokines involved in immune defenses (Chapter 20).

N

. Clotting functions

1. Produces many of the plasma clotting factors, including prothrombin and fibrinogen (Chapter 14).
2. Produces bile salts, which are essential for the gastrointestinal absorption of vitamin K, which is, in turn, needed for
production of the clotting factors (Chapter 14).

. Plasma proteins

1. Synthesizes and secretes plasma albumin (Chapter 14), acute phase proteins (Chapter 20), binding proteins for various
hormones (Chapter 10) and trace elements (Chapter 14), lipoproteins (Chapter 18), and other proteins mentioned elsewhere
in this table.

. Organic metabolism (Chapter 18)

1. Converts plasma glucose into glycogen and triacylglycerols during absorptive period.

2. Converts plasma amino acids to fatty acids, which can be incorporated into triacylglycerols during absorptive period.

3. Synthesizes triacylglycerols and secretes them as lipoproteins during absorptive period.

4. Produces glucose from glycogen (glycogenolysis) and other sources (gluconeogenesis) during postabsorptive period and
releases the glucose into the blood.

5. Converts fatty acids into ketones during fasting.

6. Produces urea, the major end product of amino acid (protein) catabolism, and releases it into the blood.

. Cholesterol metabolism (Chapter 18)

1. Synthesizes cholesterol and releases it into the blood.
2. Secretes plasma cholesterol into the bile.
3. Converts plasma cholesterol into bile salts.

. Excretory and degradative functions

1. Secretes bilirubin and other bile pigments into the bile (Chapter 17).

2. Excretes, via the bile, many endogenous and foreign organic molecules as well as trace metals (Chapter 20).
3. Biotransforms many endogenous and foreign organic molecules (Chapter 20).

4. Destroys old erythrocytes (Chapter 14).




(d) Blood entering the liver brings

Absorbed from Metabolites and drugs
gastrointestinal tract from peripheral tissues
Hepatic

nutrients and foreign substances Hepatic

from the digestive tract, bilirubin « Bilirubin cortal vein _ artery | * Bilirubin

from hemeglebin breakdown, » Nutrients « Metabolites of hormones
and metabolites from peripheral « Drugs e Glucose and fat and drugs
tissues of the body. In turn, : metabolism Nutrient

the liver excretes some of = Foreign substances . _ . rients

these in the bile and stores or * Protein synthesis

metabolizes others. Some of the * Hormone synthesis Metabolites to
liver's products are wastes to be » Lirea production

excretgd by the kidney; others Secreted into . Det{}xpinﬂr;atiﬂn P
are essential nutrients, such as duodenum » Glucose

Bile duct = Storage

glucose. In addition, the liver . Bile salts - F'IEIEmE_l Drﬂtans:
synthesizes an assortment of o Albumin, clotting factors,
plasma proteins. * Bilirubin angiotensinogen
» Water, ions e Urea
» Phospholipids » Vitamin D, somatomedins
» Metabolites for excretion

Prevzato. Silverthorn, D. U. Human
Physiology — an Integrated Approach. 6th.
edition. Pearson Education, Inc. 2012.x



Jaterni bunky

celkovy pocet se odhaduje na 250 miliard
tvori 60 — 70 % bunécné hmoty jater
jsou epitelové bunky Zlu¢ovych vyvodu.
sinusoid (tvori asi 2,8 % objemu jater)

(tvori 2,1 % objemu jater),
charakter tkanovych makrofagt



Funkcni ¢lenéni hepatocytl

v tésné blizkosti vétvi jaterni tepny i
vratnicové Zily
(periportalni hepatocyty)

hepatocyty v tésné blizkosti centralni zily

zona prechodna
nachazi se mezi zénou I. a lll.

zona l.

zona lll.

katabolismus aminokyselin

glykolyza

glykogenolyza

syntéza glykogenu z glukézy

syntéza cholesterolu

tvorba zluce

tvorba mocoviny

ketogeneze

tvorba zlu€ovych kyselin
(v zavislosti na toku zluce)

syntéza glutaminu

oxidativni energeticky
metabolismus
(zejména beta oxidace)

tvorba zlu€ovych kyselin
nezavisle na toku zluce)

biotransformace léku




Funkce jaterniho parenchymu

funkce zasobni
Imunologicka
ovlivnéni krevni srazlivosti

potreba znaéného mnozstvi energie

az 2 000 mitochondrii na jednu burku
mitochondrie tvori az 18 % podil bunécéného objemu



Metabolické funkce jater Metabolické funkce jater

metabolismus lipidu metabolismus sacharidl

syntéza ketolatek pri beta oxidaci FA homeostaza koncentrace glukdzy tvorbou glukozy
- z neglukdzovych zdroju (glukoneogeneze)
syntéza cholesterolu v zavislosti na jeho -
exokrinnim prijmu homeostaza koncentrace glukdzy v krvi
hormonalni regulace glykogensyntézy a glykogenolyzy
syntéza i odbouravani VLDL, LDL, HDL -

- (digesce a resorpce lipidu a vitamin( utilizace galaktdzy z laktozy
rozpustnych v tucich ze streva) biosyntéza z galaktozy
tvorba tukovych zasob - (tvorba z disacharidu sachardzy)

metabolismus sloucenin dusiku syntéza dllezitych proteinl organismu
- - albumin

syntéza aminokyselin (denné az 50 g)

odbouravani - angiotensinogen

dekarboxylace aminokyselin na biogenni aminy - alfa-1-fetoprotein

syntéza mocoviny - orosomukoid

- alfa-1-antichymotripsin
- ceruloplazmin



Metabolické funkce jater

syntéza dulezitych proteinl organismu
- faktory krevniho srazeni |, I, V, VII, VIII, IX, X, XI, Xl
- inhibitory koagulace
alfal-antitrypsin
antitrombin Il
alfa2-makroglobulin,
protein S
protein C
- fibrinolytické faktory (plasminogen)
- inhibitory fibrinolyzy (alfa2-antiplasmin)
- transportni proteiny
ceruloplazmin, globulin vazici kortikosteroid,
rastovy hormon /GH/-protein, haptoglobin,
hemopexin,
insulin-like growth hormon /IGF/ -protein,
protein vazici retinol,
globulin vazici pohlavni hormony,
globulin vazici tyreoidalni hormony,
transferin, transthyretin,
protein vazici D vitamin

syntéza dulezitych proteint organismu

- apolipoproteiny
apo A-1, Apo A-ll, Apo A-IV, Apo B-100, Apo C-II,
Apo D, Apo E)

- erytropoetin

syntéza proteinU akutni faze

faktory krevniho srazeni

zejména protrombin a fibrinogen
komplementovy systém (C1 — C9)
kalikrein-kininovy-systém

prekalikrein
inhibitory proteinaz

alfa-1- antitrypsin, alfa-1-antichymotripsin
opsoniny

C-reaktivni protein



Metabolické funkce jater

skladovani nékterych vitamint a mikronutrient( Organ exkrece
- vitamin A predevsim prostrednictvim zludi
- vitamin E denni produkce zluci se odhaduje na 500 — 750 ml
- vitamin K
- vitamin B1 obsah zludi tvori:
- vitamin B6 zlucové kyseliny, cholesterol, fosfolipidy,
- vitamin B12 konjugaty bilirubinu, proteiny
- méd elektrolyty (Na +, K+, Ca?*, HCOy;’)
- zelezo v jatrech vytvorena zluc¢ se shromazduje ve zlucniku,

- aktivace vitaminu D kde dochazi k zahusténi v jatrech vzniklé zluce



Jatra

neparenchymové bunky

- 20 -30 % jaterni tkané je tvoreno tzv.
neparenchymovymi bunkami

radime k nim:

(lipocyty) - jaterni hvézdicové bunky
(podle objevitele také nazyvany Ito-buriky)

- tvori okolo 1,4 % celkového objemu jater

- jsou zaméreny na ukladani retinolu

- buniky jsou pod vlivem cytokint transformovany

na myoepitelidlni bunky, které produkuji pro jaterni tkan
specifické komponenty extracelularni matrix (kolagen typu |, lll,
IV, chondroitin, dermatansulfat-proteoglykan)

endotelialni bunky

Kupferovy bunky

adipocyty — jaterni hvézdicové bunky
cholangiocyty

B wnN e

neparenchymové burky

(tvori 2,1 % objemu)
- odvozeny od kmenovych bunék kostni drenég,
fazeny k radé mononuklearnich fagocytt
tvori témér polovinu makrofagl v lidském
organismu
- vyznamné prostredky obrany a detoxikace,
fagocytuji bakterie, viry i endotoxiny a
imunokomplexy



Reakce jater na toxické poskozeni

akutni nekrdza jaternich bunék — hepatocytu

vyvolana nedostatkem kysliku
plsobenim bakteridlnich endotoxin(
jedu

virové infekce

Zasah

- do latkové premény se soucasnou aktivaci lyzozomu
- poskozeni cytoskeletu

- poskozeni bunééné membrany

Biochemické markery jaterniho poskozeni

Jaterni nekroéza

AST (asparataminotransferaza)

ALT (alaninaminotransferdza)

GLDH (glutamatdehydrogenaza)
je lokalizovana vyhradné na organelu
mitochondrii

Zvysenou aktivitu v séru nachazime pouze pri zavazném
poskozeni jaterniho parenchymu.

ALP (alkalicka fosfataza),
GGT (gama-glutamyltranspeptidaza,
LAP (leucin aminopetidaza) a 5'nukleotidaza.

GGT je Casto zvySena u chronického prijmu alkoholu,
byva tak uzivana jako marker chronického prijmu alkoholu.
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Length (m) 6 24

Area of apical plasma membrane (m?) | ~200 ~25
Folds Yes Yes
Villi Yes No

Crypts or glands Yes Yes
%\Iml‘lfrrig;}:lell%:)sorption %gg glgs
Active Na" absorption Yes Yes
Active K" secretion No Yes

Figure 44-1 Microscopic view of the anatomy of small and large intestine. A, The surface area of the small
intestine is amplified at three levels: (1) macroscopic folds of Kerckring, (2) microscopic villi and crypts of
Lieberkiihn, and (3) submicroscopic microvilli. B, The surface area of the colon is amplified at the same three
levels as the small intestine: (1) macroscopic semilunar folds, (2) crypts (but not villi), and (3) microvilli

A SMALL INTESTINE

B LARGE INTESTINE
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Entenic endocringe call

Goblat cell



Mouth, esophagus

Food 2.0 L/day

A. Vstiebavani vody a elektrolyti ve stievé

=
H0
s v s ~ Figure 44-2 Fluid balance in the gastrointestinal (GI) tract. For each segment of the GI tract, the figure shows
Anus Excreted substances flowing into the lumen on the left and substances flowing out of the lumen on the right. Of the ~8.5
l in feces L/day presented to the small ntestine, the small intestine removes ~6.5 L/day, delivering ~2 L/day to the colon.
~0.1 Liday The large intestine removes ~1.9 L/day, leaving ~0.1 L/day in the feces.



— B. Vstiebavani Na* a H,0 ve stfevé (model)
TSR
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‘ Y TRY
\

buriky
sliznice

1. Na* se hromadi 2. H,0 nésleduje sodik: 3. H,0 spolu s Na* odtékaji
mezi bunikami tlak stoupa k bazi bunék a do krve
— C.Vyména Na*aK' vileu D. Vstiebavani Na* a CI” ve stievé
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Funkce tlustého streva:
- Rezervoar strevniho obsahu

- caecum, colon ascendens, rektum
- Vstfebavani vody a elektrolyt(

- Az 1500 ml na 100 — 200 ml

Pohyby:

- Michaci pohyby se silnym zaskrcovanim (haustrace)
- Peristaltické viny (antero- a retrogradni)

- Velké (celkové) pohyby

Strevni bakterie

— A. Velké pohyby tlustého streva

mmrgy

129

— B.Uzavér anu a defekace

ampulla recti

)

L~

Kohlrauschova %

fasa ORI -

B

' 3

mm, pubo- %
rectales

vnitfni andIni
svérac
zevni Zilni

pleten

1 anus je uzavien

3 defekace

2 tlak stolice




| solce (60-180 g/den=1,0) " utina 2440 g/den=1.0)




