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Casti a funkce traviciho systému

o Usta (stoma) a hltan (esophagus) — pfijem potravy, prvni
enzymaticke stepeni

o Zaludek (stomachos, venter) — chemické $tépeni, druhé
enzymaticke stepeni

O Jatra (hepar), zlucnik (cholecystis), slinivka brisni
(pankreas) — podpora traveni

O Tenkeé strevo (duodenum, jejunum, ileum) - absorbce Zzivin

O Tlusté strevo (apendix, colon, rectum) — zpracovani a
odstranéni nepotfebnych metabolitl




Prubéh traveni

The Human INigestive Traci pH Range Chari

Saliva
ﬁ-s e T+5 pH
up to 1 minute

Upper Stomach (fundie]
4.0 - 6.5 pH
30 -,60 minutes

Lower Stomach
E-s - 4.“ PH
1-3hours

Duodenum
7.0 - 8.5 pH
30 - 60 minutes

Small Intestine
4-“ - ?-u I-.IH
1 -5 hours

Large Intestine
4&“ - TEI] PH
10 hours - Several days

The diagram illustrates the average time lood spends

in each part of the dipestive system along with the
average pll.

http://www.yourzymes.com
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Travici hormony

G cells of stomach

Travici enzymy

polysaccharides

salivary amylase - salivary glands
pancreatic amylase- pancreas e T
ra
4 f/ \\
. )
maltose i HCl  pepsinogen
4
maltase - intestinal cells N P4
~ -
L J “‘-""'-._\_ ___,..—”'J
glucese . TTmeeT -
acid (from stomach)—s duodenal cells ﬂ
proteins
. liver pancreas
pepsin- stomach
trypsin - pancreas bile bicarionate

L 2

peptides food— duoderal cells cholecystokinin

peptidases - intestinal cells

¥ liver galbladder Pancreas
amino acids
hile release hile  pancreatic erzymes
fats
l lipase - pancreas duodenal cells: Gastric inhibitory protein
lyceral +
fQ‘f ’ inhibits inhibits
atty acids gastric glands (stomach) stomach matility

http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio%20102/bio%20102%20lectures/digestive®%20system/digestive%?20system.htm



http://faculty.clintoncc.suny.edu/faculty/michael.gregory/files/bio 102/bio 102 lectures/digestive system/digestive system.htm
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Zlazy z vnéjsi sekreci

Serdzni bunka

Myoepithelial cells Intercellular Myoepithelial cells
) secretory canaliculi

secretory
vgsi cles
nucleus
’:i'augh,
endoplasmic

reticulum

Serous
demilune

’ I
nucleus |

Basal lamina

R

Mucous tubule

http://www.siumed.edu/~dking2/erg/gicells.htm#mucous
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Vyvoj exokrinnich zlaz

Proliferation of cells and their
downgrowth into the subjacent
connective tissue,

Epithelium

(

Exocrine gland Cords of cells Follicular endocrine
fﬂrmiition forming endocrine gland gland formation

Disappearance £
of duct cells




Obecna stavba travici trubice

Lamina propria- Tunica muscularis

tunica submucosa °>Vvalovina
izNi e
Podsllznlcefﬁ,_.. T,

i ¥

r- o ¥
Lume?l A SR K\ v Y
VoAl ~
Tunica m icosa-~~/ funica serosa
Sliznice SEE et ST dventicie

Tunica — vrstva




Sliznice jicnu (oesophagus)

O Sliznice — plochy dlazdicovy epitel, uspofadany v
podélné rasy
O —usnadnéni posunu potravy

O Vrstva svaloviny - horni 2/3 je pficn€ pruhovana a
dolni 1/3 je hladka svalovina

O Peristaltika umoznujici posun potravy do zaludku




Sliznice zaludku

Epitel — jednovrstevny cylindricky

Cardial notch

Zlazy kardie — -
mezi mucindznimi bunikami 1 bb. endokrinni
Zlazy fundu a téla —
Specifické zlazy tvorené bunkami:
— cylindrickée bunky produkujici hlen
nediferencované — mezi bunkami krcki, proliferujici,
vznikaji z nich ostatni epitelové bunky
— basofilni cytoplazma, GER, sekre¢ni granula - pepsinogen
— objemn¢ pyramidoveho tvaru, ¢etné mitochondrie,
sekre¢ni kanalky s mikroklky:.
Produkce 1ontii Cl- a H+ a vnitiniho faktoru (B12)
— serotonin, somatostatin, sekretin

o, i
Pylorus  Pyloric canal “Pyloric antrum

Zlazy pyloru — gastrin) - Podobn¢ Zlazam
kardie



Epitel — jednovrstevny cylindricky, 6 typu b.:
Enterocyty  -90 % bunck, Sté€peni a resorpce Zivin, transport IgA

- jadro v dolnti tfetin€, nad nim vétSina organel

- mezibunécné. spoje — spojovaci k., interdigitace

- na apikalnim povrchu mikroklky, glykokalyx

- produkce mucinu, ochrana sliznice
M-bunky (membranove) - antigen prezentujici buiiky v epitelu nad lymf. folikuly

- Cetn¢ intracelularni a interceluldrni ,kapsy*, v nichz dochazi ke
styku antigenu s lymfocyty

- sekrecni granula umisténa bazalné (proteazy,amylazy,lipazy)
- na dn¢ krypt, produkuji lysozym, TNFa (obrana pfed patogeny)

Nediferencované b. — kmenove bunky, proliferace, diferenciace v ostatni b.




Sliznice tlustého streva

o Epitel - jednovrstevny cylindricky
o delka 1,5 m, Sirka 5 - 8 cm
o Sliznice nema klky, jen nizké rasy

o Mucinozni zlazky (poharkové bunky)=> tvorba
hlenu => klouzani strevniho obsahu

0o Tlusté strevo ma za ukol vstrebavat vodu, ¢imz se
stava az dosud ridky strevni obsah hustsim a
snaze manipulovatelnym.




strevni sliznice

KIKky - apex - apoptoza enterocytu na vrcholu klku
stiedni asek - fuk¢ni enterocyty, pohark.bb
baze - diferenciace v enterocyty (3-6dni)
poharkové bunky
endokrinni bunky

Krypty — migrace

oliferace — kmenové bunky pri bazi krypty

erenciace - Panethovy bunky (prezivaji cca
20 dni)

Doplnujici informace http://vimeo.com/26262714



http://www.youtube.com/watch?v=mUcE1Y_bOQE

Endodermani puvod

- strevo, jatra, zlucnik, pankreas
- dychaci trubice — mandle, Stitna zlaza, brzlik, pristitna téliska, pll'ce

aorta srdce

primitivni stfevo

‘ llantois plice
‘-—-—r \‘\ 2

3 arteria laryngotrachealni
~3 0 umbilicalis  vychlipka stredni
M)

strevo
" A
}4

pankreas

zadni
stievo

Harminiobloulo d. omphalomesentericus

predni
stfevo
a.omphalomesenterica

Zloutkovy vadek

http://www.med.muni.cz/histol/MedAtlas_3/bin-release/MedAtlas.html#app=d8c4&92c7-selectedindex=3&2b7a-selectedindex=0




Endodermalni plvod

Vznik travici trubice

(A) 16 DAYS Amnion  Neugal groove
Natochaord Hensen's nede
Amnionic
cavily §l  Somatic
mesoderm

.
~Splanchnic
mesoderm

Allantoic “Wolk g
diverticulum Midsut

in body stalk

Neural
plate

Cardiac
primordia

Blood —

island

3 2 £ 3 ac »
(I)] 28 1 )A\ -.('l :‘l.l_'ln].dl..h UUI‘S&I| Nf.'“l'al

Lung bud mesenlery tube
Thyroid
Stomodeum
(now open)
Rathke's
pouch

ncreas
Dorsal
pancreas

Dorsal aorta

Abdominal
cavily

Notochord
Visceral

Allantois peritoneum

Proctodeum

Infundibulum

Liver - Amnion
(cut) Ventral mesentery

S.F. Gilbert Developmental biology 2006




kure | Endoderm Mesoderm |

(Localized transcription Reception of Sonic
factors in endoderm) ——» hedgehog protein
Sonic hedgehog in mesoderm

. r V4 Y 4
S I n a I n I d ra h in endoderm i
Hox gene expression

in mesoderm

Specification
Esophagus —___ of mesoderm
Reception of paracrine <—— BMPs, FGls
signals by endoderm made by
mesoderm

Specification and
Pyloric differentiation
of endoderm

Stomach

Paracrine factors ——— Differentiation
of mesoderm

() Intestine Stomach
epitheliom | epithelium
bt
Wit No Wnt

Small
intestine

T

EI‘IC’lOdEI‘Tn un - - : - .
cel]s L .. L] ... [ .i...

Mesenchyme ‘% ; Jq :
cells ;\_{ﬁ a.rxl

BMPs Sox9, Nkx-2

Bl

Wnt
inhibitors
(sFRPs)

[eSox2
Pdxl
! Hox
cdxC
cdxA

Sphincter muscle

S.F. Gilbert Developmental biology 2006



Zaludek

Dorsal Representative Cardiac incisure
mesentery vagal branches

Fundus

Lesser
curvature

Greater Pharynx
curvature
(former

dorsal wall) Respiratory diverliculum

Body
Stomach

‘..

m transversum Liver cords

Gallbladder

D 56 days

Ventral
mesentery

Midgut

Dorsal mesentery
Vacuoles

// : Dorsal

mesentery

W.]. Larsen Human Embryology 2001




Strevni klicky

1. Vitelline duct

2. Small intestine

3. Stomach

4. Duodenum

5. Transverse colon

6. Cecal bud . Hepatic flexture
. Stomach
. Duodenum

. Transverse colon
. Ascending colon
. Descending colon

5. Cephalic limb of the loop
6. Caudal limb of the loop

OCoOoONOOCUPRARWNR

. Sigmoid
. Cecum
5. Transverse colon A di
6. Small intestine . Appenaix
7. Cecal bud
— J

Y

1. Vitelline duct

2. Superior mesenteric artery
3. Stomach

4. Duodenum

http://www.chronolab.com/embryo/midgut.htm




Vyvoj organu v oblasti duodena

Septum
transversum

Liver 30 days

Stomach

L Dorsal
mesentery

| Dorsal
pancreatic
bud

Ventral

mesentery

(falciform s ral

li [
igament) pancreatic

bud
W.]. Larsen Human Embryology 2001




Pankreas — slinivka brisni

O Endokrinni funkce

= Langerhansovy ostruvky
o o bunky - glukagon (stépeni glykogenu- glukoneogeneze)
o B bunky = insulin (transport glukozy do bunék)
o y bunky = polypeptid (neznama funkce)
o & buiky = somatostatin (rdstovy hormon) Langerhanzovy

ostravky
{V‘\

Exokrinni

O Exokrinni funkce aciny
= Acinarni bunky
o (chymo)trypsin (proteiny) ,
o Lipazy (tuky) Langerhanzovy
o Amylazy (cukry) e
o Ribonukleazy, deoxyribonukleazy, zelatinazy, elastazy
= Tubuly - bikarbonat, voda (neutralizace)

Vyvod




A4 "4

Pankreas — slinivka brisni

F"&,&ﬁgpﬁ : Close Up Viewof an
dabbb ® qqu‘ IsledT langerhans
Duct
Dela Cell Il
R=d Blood
Cell

Pancreatic

Islet of Beta Alpha
Langerhans Cell Ceall

http://embryology.med.unsw.edu.au/histology/git/pan40he.jpg
http://arbl.cymbs.colostate.edu




Vyvoj pankreatu

1. OtocCeni ventralniho zakladu - hlava p.
2. Prilozeni k dorzalnimu zakladu - ocas p.
3. Splynuti vyvod{

32 days

Stomach

Dorsal
pancreatic

bud Hepatic

Hepatic

Main
pancreatic

duct
A

Cystic
diverticulum

Ventral

pancreatic

bud ; PO,
Minor papilla

Accessory pancreatic duct'J

Major papilla Pl 42 days

|
Uncinate process

W.]. Larsen Human Embryology 2001




Molekularni podstata vyvoje

Kure E4 « O i
Duodenum f.:“-:‘-"{;;_' i
.
oralizase
zakladu
Dorsal bud Ventral buds
Flanc reas Vitelline veins
|
I |
Pax6, Isi1 v
e NGN3, |Neum[? Mys E10,5 padx+
SpECIfI kace  Exocrine cells Endocrine cells
jednotlivych |
(o] v
typu bunék e
Pax4
Nkx2. 2 Nkx2.2 Pax4 Niox2.2
Nkx6.1
betacells alpha cells delta cells PP cells

(insulin} (glucagon) (somatostatin) (pancreatic peptide)

A. Grapin-Botton Genes & Dev. 2001. 15: 444-454




Jatra - funkce

o Vaskularni funkce

= Produkce lymfy, fagocytarni systém
(Kupfferovy bunky)

o Metabolicka funkce |
= Ovliviuje syntézu a vyuziti Zivin

0 Sekrecni a exkrecni funkce
= Syntéza a exkrece zluce




Jatra - struktura

Krev

Intetlobular %ein - branch of heptic vein
canies away deowygenated blood

Bile canaliculus

Antetiole - !
branch of
heptic artery

zluc

fngs o s
gy Opacny tok krve a zZluCi

Interlobular vein -
branch of heptic

portalven (takes bile to gall
(hrings Blood blacidar)

o gui

http://www.biologymad.com




Jatra - zaklad

Sit kapilar omfalomezenterické cévy
Jaterni pupen

jaterni pupen duodenum

Dorzalni

Zluénik
Pankreas

http://www.embryology.ch/anglais/sdigestive/leber02.html




Jatra — inhibice okolnimi tkanémi

26-Day embryo
Head Tail

Developing /)
heart /

Ectoderm

Dorsal endoderm:
hepatogenesis
blocked

Hepatic region of
gut endoderm
expressing o-fetal
protein and albumin

<
Mesenchyme

@
& pm Dﬁ

Cardiogenic
mesoderm

S.F. Gilbert Developmental biology 2006




Detailnéjsi pohled

a Competence b Specification
2-6-somite stage 7-8-somite stage

Multipotent

a Post-specification
11-13-somite stage

K.S. Zaret, Nature Reviews Genetics 3, 499-512, 2002



Jatra - vyvoj

. . Cmmem gt wmeanpe

Obr. 8.73 Schéma vyvoje jater. Pricny
fez jaterni krajinou embiya dlouhého
5 mm, asi 3—4 tydny starého.

4 — myotom, b - chorda, ¢ — dorzilni
aorta, d — kandlky mezonefros, e — dor-
zalni zdklad pankreatu, f — mezenteri-
um, g — tramce zdkladu jater, h — duo-
denum, ch — célom, i — vena

R A & i i

vy

Obr. 8.74 Schéma pricného Fezu
jaterni krajinou embrya 17 mm dlou-
hého, asi 7 tydnil starého. )

a — neurapofyza, b — pleurapofyza,

¢ — dorzalni aorta, d — pankreas,

¢ — zaklad sleziny, f — mesenterium dor-

sale, g — mesenterium ventrale, h —jatra,

ch — 7aludek, i — vena cava inferior,
j —zaklad téla obratle.

Obr. 8.75 Schéma pricného fezu jaterni
krajinou fetu 70 mm dlouhého, asi 12
tdnu starého.

a - zaklad arcus vertebrae, b — dorzalni
aorta, ¢ - linie sristu dorzalniho mezenteria
se zadni sténou bfidni dutiny, d - pankreas
v retroperitonedlni poloze, e — bursa omen-
talis, f - slezina, g - ligamentum gastrolie-
nale, h — zaludek, ch — mesohepaticum
ventrale, i -~ omentum minus, j — jétra s ple-
teni krevnich sinusoid, k — vena cava inferi-
or, | - corpus vertebrae,

Z. Vacek Embryologie 2006



Diferenciace hepatoblastu

Hnf6

Hnf1p

Mature
epithelial morphology

Nature Reviews | Genetics

K.S. Zaret, Nature Reviews Genetics 3, 499-512, 2002




Prenatalni hematopoéza




Casova osa

3. meésic — peristaltika
- lymfaticka tkan
5. mésic - enzymaticka fce

W.J. Larsen Human Embryology 2001

Weeks

The gut tube forms

Stomach
g

The stormach forms as an expansion of the
abdominal foregut and begins to rofate;
expansion of the dorsal mesentery forms the
greater omentur

Greater
omentum

The stomach completes its
rotations. Fusion of the
duodenum te the dorsal body
wall creates the lesser sac

=7

The primary intestinal loop
herniates into the umbilicus
and undergoes an initial 90
counterclackwise rotation

)

The midgut undergoes an

additional 180° counter-

clockwise rotation as it

refracts into the abdomen
S5

The ascending colon and
descending colon become fixed
ta the body wall; the remainder of
the intestine remains suspended
by mesentery

Days
3 20
4 - 26 The cystic diverticulum and the ventral and dorsal
pancreatic buds sprout from the duodenal foregut
irto the vential and dorsal mesenteries, The
——«—J ventral pancreatic bud migrates posteriorly 1o fuse
with the dorsal pancreatic bud
Liver cords ——Q\)‘é(</
’— 32 Cystic diverticulum
g Ventral pancreatic Dorsal
bud pancrealic
bud
i U
or
Cloaea
- 40 Tourneux fold
6
Septation of the cloaca begins as
the Tourneux lold grows inferiorly
to the level of the future pelvic
urethra
42 Level of Rathke folds
Primitive urogenital sinus
47
F4
Septation of the cloaca into the
primitive urogenital sinus and the
anorectal canal is completed by the
— 50 growth of the caronal Rathke folds
8 Anorectal
canal
9
10
70
11
77
12

Timeline. Development of the gut tube and its derivatives.



Dychaci soustava




http://student-home.blogspot.com/2009/04/alveoli.html

Funkce

Blood Qut

o Vyména plynl vnéjsiho a vnitiniho prostiedi

o Dychaci plyny: 21% 02, 78% N, 1% Ar, 0.03% CO2
o Hypoxie nastava jiz 1 cm od zdroje 02

o Inervace:
Ridici centrum: prodlouzend micha
Informace o pH krve: chemoreceptory (karotida,
aortalni téliska)

Pohyb plic: mechanoreceptory (mezizeberni svaly)




trachea

Pt<Pp

zebro
Mezizeberni svaly

Pohrudnice
Poplicnice
Entoderm ]
Mezoderm 4
Alveolae
Plocha sklipki 90 m2
Bronchiol.

terminalni
bronchiol

Alveokapilarni sténa 1Tmm
Trachea - prudusnice
Bronchus - priduska

Bronchiol - priduginka Branice

Alveol - plicni sklipek




Typy epitelu

Respiracni epitel (dychaci cesty)

* fasinkové bunky - zachycovani necistot

 poharkoveé buniky - vyluCuji hlen

* kartacové bunky

* basalni buniky - mozna funkce SC

» neuroendokrinni téliska (NEB) - Kulchitského b.
* neurohormon podobny bombesinu

* Clara bunky - produkce surfaktantu (CCSP)

suriaciani discharged
inld lurmen of alveolus

Epitel vymény plynu
pneumocyty l. typu (AT1)
* velmi tenké bunky
* tvofi 95% povrchu
pneumocyty Il. typu (AT2)
* jednoduchého kubického tvaru

* spolu s Clara b. produkuji surfaktant (SP-C)




Trachea/Bronchus Bronchiolus Alveolus

ﬁieo""o mGGGG

mmmﬂﬂﬁbﬂn-

acmphagea , ? .

Type ll
o pneumocyte

!\ Type |

pneumocytes '}

http://www.histology.leeds.ac.uk

Respiratory Bronchiole

respiratory
respiratory bronchiole :
bronchiole il |
. " -_[ alveolus
BN~ !
alveolar sac ()

af @
N
0%,

iiated Soretio %
=l secretion dara ] ® o,
éﬁgr J {f{ cell o

U " alveolus
f' ey . & e \'\ . Eg
3 el S 0

alveolus

basement
membrane

interstitium

type |
pneumocyte

type Il
pneumocyte

free alveclar
macrophage

?.'Clpm

cartilage

small
bronchus

res;n ratgry ﬂuc

anJLalvao_1

;‘;‘ T _' . o . :%
35;‘:,; M’,"'* bronch1 d"le
o ol et {

o) .!." et

http.//www siumed. edu



Plice — derivat streva

« vychlipuji se z ventralni ¢asti pfedniho stfeva (endoderm)

* D9.5 u mysi a W4-5 u Clovéka

Respiratory
diverticulum i
{laryngotracheal |
groove) :

http://www.ncbi.nlm.nih.gov Vacek Z. Embryologie, 2006



Vyvoj plic

1. embryonalni/pseudozlazové

- formace primarnich dychacich cest ;

aurfactant:

- zaklad respiracniho parenchymu ke 46 8 M0k oW w2 &, w W sz % % o
E Canalicular Saccular Alveolar

2. kanalkové
- diferenciace epitelu

- tvorba air-blood bariéry

Organogenesis

3. sakularni

- zvétSovani objemu plic
- zacina tvorba surfaktantu

- Prvni kontakt s krevnim obéhem

2 weeks' GA 16 weeks' GA 24-35 weeks' GA 36 weeks' GA
32-35 week GA to 3 years

4. aIVGOIérni infants are within

the same stage of

lung development

- formace alveolarnich duktu Adapted from Moore and ersaud 2003. esinents 28-32
= dalSi zvétSeni objemu plic




Veétveni bronchiolu

Splanchnopleura (mezenchym) - poplicnice

Somatopleura (mezenchym) - pohrudnice

Vétveni - monopodialni (hlavni vétev a z ni se odStépuje vedlejsi)
- dichotomické (dveé rovnocenné vétve)

Vacek Z. Embryologie, 2006




Shrnuti dulezitych morfogenu

Shh Fig. 3 mezenchym
- lokalné inhibuje vétveni plic Ew‘-{ :m.: FGFI0
- podpora proliferace v ristovych 'j. -;
zonach R
endoderm
TGFB family GATAGb6
- inhibice ektopického vetveni Ci predCasné - podpora diferenciace epitelialnich bunék

diferenciace (BMP4)

- podpora produkce extracelularni matrix (TGFp1)

FGF10 (Fig. 3) Wnt
- produkce v mezenchymu - nezbytné pro spravné vétveni plic
- regulace vétveni plic a proliferace bunék pupene - regulace proliferace a diferenciace

- zpétnovazebna inhibice pomoci TGF-1, epitelu | mezenchymu

Shh nebo Bmp4




FBMs = fetal breathing-like movements

* pohyby pfipominajici dychani — nezbytné pro vyvoj plic
» stimulace produkce PDGFs, IGFs, TTF1

« ovliviuji diferenciaci a funkci bunék plicniho epitelu

pneumocyty I. typu - bez pfitomnosti FBMs Spatné reaguji na potfeby vymény plynu

pneumocyty Il. typu - bez pfitomnosti FBMs neprodukuji surfaktant

SP-A secreted Macg mpJ‘M 35
b amnionic m!_\! Hk\
Surfactant A rmf % { 7
A s et o s \ R ——,
E \ L)
5 Sllrl : um A &
X " Interlenkin- 1§
)g»«-«....——-?n...ﬁ;- {
L ’
Dormant /f Cyclooxygenase 2
macrophage  f [
Activated Arachadonic

dewd’
Prostaglandins

e e
Uteripe muscle
contraction, labor

S.F. Gilbert, Developmental biology 2006

J macrophage
S e ol L
fimbryanic Amtionic
fung tissue fluid Uterine”
mugcles
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"It's the only place they're allowed to
advertisc anymore.”




