MUN I S
E D

I\/I a embryologie

\
|

MIKROSKOPICKA
ANATOMIE *
A VYVOJ GIT

jatra, pankreas, slinné zlazy
vyvoj GIT

’ Petr Vanhara
Ustav histologie a embryologie LF MU
pvanhara@med.muni.cz



ZLAZY ASOCIOVANE S
TRAVICI| TRUBICI:
jatra



JATRAHEPAR)

Jaterni parenchym — nejvétsi zlazova ¥ Anterior aspect.
ST , v Diaphragm (pulled up) X
tkan lidskeho téla RIrageL piiecp

Nutritivni a funkéni krevni zasobeni
Endokrinni i exokrinni funkce

Coronary ligament

Uniformni histologicka struktura ve
vSech Ctyfech hlavnich anatomickych
oddilech (lalocich) i segmentech

Falciform ligament

Round ligament (ligamentum teres) of liver

- Hepatocyty a dalSi Gallblacer
v v e (fundus)
bunécné typy

- Stroma pojivoveé tkané
- Krevni a lymfatické cévy ¥ Visceral surface.

Sn SO|dy Gallbladder (fundus)
- | u X

Porta hepatis

Falciform ligament

Fissure for ligamentum teres
= I n e rvaCe ) . - Hepatic portal vein
Round ligament (ligamentum teres) of liver |
Proper hepatic artery
Quadrate lobe Caudate lobe
Cystic duct
V . , d Common hepatic duct
= azivove pouz ro (Common) bile duct
4 4 Right triangular ligament
- Serdzni pokryv by

Hepatorenal portion of coronary ligament

Inferior vena cava

Hepatic veins



| CAPSULA FI

Capsule

 Serdza - mesothelium

» Vazivo — kolagenni a elasticka vlakna
* (Glissonovo pouzdro)

. 70-100pm

 Porta hepatis

¥V Visceral surface.

Gallbladder (fundus) .

Porta hepatis

Falciform ligament

Fissure for ligamentum teres
Hepatic portal vein
Proper hepatic artery

Round ligament (ligamentum teres) of liver

Quadrate lobe: | ~/\ b Caudate lobe

Cystic duct
Common hepatic duct
(Common) bile duct

Right triangular ligament

Hepatorenal portion of coronary ligament
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CAPSULA FIB

¥ Visceral surface.
Gallbladder (fundus)

Porta hepatis
Falciform ligament
-. Fissure for ligamentum teres
o Hepatic portal vein
Round ligament (ligamentum teres) of liver = Proper hepatic artery
Quadrate lobe

Caudate lobe

Cystic duct
Common hepatic duct

(Common) bile duct
Right triangular ligament

Hepatorenal portion of coronary ligament

Inferior vena cava

Hepatic veins

Porta hepatis

ANTERIOR
Commen hepatic

Hepatic artery
duct

RIGHT LEFT

Portal wein

POSTERIOR
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FUNKCNI
kapilarni recCisté zaludku a strev
vena portae

interlobularni vény
cirkumlobularni venuly

jaterni sinusoidy
venae centrales hepatis
venae sublobulares
venae hepaticae

vena cava inferior

NUTRITIVNI
aorta, truncus coeliacus
arteria hepatica communis

(segmentové tepny)
interlobularni tepny
cirkumlobularni arterioly

25-30%




VASKULARIZACE

Left lobe
Faiciform ligament
Hepatic artery
Vena cava

Portal vein

Hepatic lobule
Right lobe

A.

Portal triad

Central vein

— Sinusoids

Bile duct

Portal vein

Hepatic artery

Sublobular ven

Portal area /

{Cenlral vein

Hepatic artery
Bile duct

Portal vein

V. hepatica d. m. s.

Portal triad

Porta hepatis

Gartner, Hiatt: Color Textbook of Histology (2001)



JATERNI PARENCHYM — POR




MozZné definice jednotek jaterniho parenchymu

» Morfologicka — lalu¢ek centralni vény
- lobulus venae centralis

» Metabolicka — jaterni acinus
— metabolicka zéna 1 — 3

* Funkeéni - portalni laltcek
- lobulus venae interlobularis
- SpiSe historicka jednotka




JATERNI ACIN

Zéna | (periportalni)

Zéna lll (perivenézni)

prevaha oxidacnich dé&ji syntéza glykogenu
beta-oxidace mastnych kyselin glykolyza
katabolismus aminokyselin lipogeneze
glukoneogeneze ketogeneze

tvorba mocoviny

tvorba glutaminu

syntéza cholesterolu (HMG-CoA reduktaza)

syntéza zlucovych kyselin (cholesterol 7-alfa hydroxylaza)

glykogenolyza (uveliovani glukézy do krve)

tvorba zluce

biotransformace
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Laltcek centralni vény — lobulus venae centralis

» Klasicka morfologicka jednotka

« Polygonalni jednotky (hexagonalni), 0.7 x 2mm
+ Centralni véna

« Tramce hepatocytl — radialni uspofadani

« Jaterni sinusoidy

« Portalni triada, portobiliarni oblast

Interlobular
connective tissue

Central vein

Portal triad
in portal
tract



LALUCEK CENTRAL




Kontakt tfi-Ctyf sousedicich lalu¢ku

* Interlobularni arterie (a. interlobularis)
* Interlobularni véna (v. interlobularis)

* Interlobularni zlucovod (d. bilifer interlobularis) .
« Lymfatické cévy

* Inervace — nervus vagus

Ridké intersticialni vazivo

Sinusoids

Bile canaliculi

 wrisCSREB000T, M
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Portal triad

[/

portal vein

Branch
hepatic artery

'Ham: Textbook of Histology



Interlobularni zlucovod Interlobularni arterie




CENTRALNI VEN
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CENTRALNI VENZ

tenkosténna véna
kolagenni viakna

minimum svalovych bunék
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CENTRALNi VENA (VENA
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JATERNI SINUSOID

Sinusoidy
— 9-15um
— Anastomozuijici sit plochych endotelialnich bunék
— Bez bazalni membrany — minimalni difuzni bariéra

— Fenestrace — 50-100nm, chybi diafragma

* Insulin, farmaka, lipoproteiny, ...

, , Hepatic arter Portal vein
— Intercelularni prostor e "\ ‘// " Bile ducts

Central vein

Sinusoids | ¢

— Kupfferovy bunky (makrofagy)

— Perisinusoidalni (Dissého) prostor
— Retikularni vldkna

— Perisinusoidalni Itovy bunky

2 A N7
et i

Portal vein Bile duct Hepatic artery
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JATERNI SINUSOIDY
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JATERNI SINUSO

Fenestrace nejsou jen ,diry v endotelu®

Fenestrated liver sinusoidal endothelial cells

Fenestra Discontinuous Fenestra
{(organized in sieve plates) No basal membrane (no diaphragm)
= = T ical
. — \ - \\\_ Ap

p—

100pd0or_= j, SO0CA00E=_Saip | ...

-

.y
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Fenestrated glomerular endothelial cells

Endothelial Glomerular Fenestra
surface layer basal membrane (no diaphragm)
— ' g ) ' P Apical
P A Ry F A
ao0C_ < ~Sogpannl <2 Sonpangt < 5D
. : Basal

62

https://doi.org/10.1038/s41575-018-0020-y



Fenestrace jsou slozité dynamické membranové struktury

exter'\of

cytoso!

Cdc42 & .
................... / F-actin }&p Spectrin bound

actin-raft <« Spectrin unbound
§ binding proteins

Mitochondria

e NADH l NAD+
activation
—_
inhibition Glycolysis
-
influence

https://doi.org/10.3389/fphys.2021.735573



JATERNI SINUS

Struktura fenestraci se méni béhem starnuti

sinusoidal lumen small lipoproteins defenestrated
chylomicrons \ & thickened
endothelium
fenestrae .

e NI G
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space of Disse SR e &sal laminz

M
IS S e i collagen

hepatocytes

https://doi.org/10.3389/fphys.2021.735573



Struktura fenestraci se méni i po poskozeni

Normalni Alkohol

https://doi.org/10.1002/hep.1840040306



Polygonalni bunky jaterniho parenchymu
20x30um
Nepravidelné tramce mezi sinusoidy

Obvykle jedno centralné umisténé jadro, ale
dvou- a vicejaderné buriky jsou Casté (20%)  Endothelial cell

Jadérka

Lyzosomy

Glykogen

Spolecny vyvojovy puvod s cholangiocyty

Kupffer cell

Lumen of sinusoid

Space of Dissé

Microvilli

Mitochondria

se Y0 ®

Bile canaliculus

Funkéni povrchy: Lysosomes
«  Zluéovy pol - sekreéni — membrany
sousedicich hepatocytl tvofici zluCovy SER
kanalek

.. VY T Nucleus
*  Krevni pol - absorpcni - sinusoidalni —

mikroklky orientované do Disseho prostordlile canaliculus

Membrany se spojovacimi komplexy
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ULTRASTRUKT

* Dlouhé mitochondrie s plochymi nebo
tubularnimi kristami

« Zfetelné RER, sER a Golgi

* Glykogen, tukové kapénky, lysosomy,
peroxisomy




Z krevni plazmy:
Glukéza, aminokyseliny, iluéc’wé kyseliny

Dissého
prostor

Itovy bunky

Erytrocyt —QO

V]

G OO @D O O DO o

Zluéovy

/ @ Disseho £ g

prostor © i

\Krevni proteiny (sérovy albumin, fibrinogen, protrombin, komplement, transferin, atd.)




K+

AQK

Na*

ATasa

/L biotransformace
=N a konjugace

Zlugové kyseliny / )

Bilirubin K\ : /\A e
Steroidy '
Léciva hER

Poruchy sekrece zlu€i - cholestasa



METABOLICKA

Syntéza a metabolismus latek krevni plazmy

— Proteosyntéza — ;ER + Golgi (plasmatické proteiny — albuminy, prothrombin, fibrinogen)

— Metabolismus tuki — ;ER, peroxisomy (lipidova konverze mastnych kyselin a glukézy,
syntéza lipoprotein()

- Metabolismus glukézy a sacharidia - syntéza glykogenu, glykogenolyza a glukoneogeneze
(insulin / glukagon)

Two hours post-feeding



METABOLICKA AK

Detoxifikace

— SER (steroidy, barbituraty, polyaromatické

latky rozpustné v tucich atd., endo- a
exotoxiny)

— Lysozomy (autofagie, degradace
endocytovanych molekul)

— Peroxisomy

Metabolismus a deponovani vitamint
a stopovych prvku

Produkce zluci
— Recyklace Zlu€ovych kyselin (90%)
— 10% syntéza de novo

— konjugace nerozpustného (toxického)
bilirubinu a glukuronové kyseliny na
rozpustny (netoxicky) komplex bilirubin-
glukuronid

— hyperbilirubinemie
(nekojugovany/konjugovany bilirubin)

CO + Fe® + NADP*

Heme oxygenase ﬁ

§

Y
H

Biliverdinf

Bilirubin




| JATERNI PARE

DISSEHO PROSTOR

* Mezibunécny prostor mezi endotelem
sinusoid a hepatocyty

— Spojeni Dissého prostoru a lumen sinusoidu diky
fenestrovanym endotelialnim burikam

— Hepatocyty v pfimém kontaktu s krevni plazmou
(mikroklky)

— Itovy buriky




JATERNI PARENC

"

DISSEHO PROSTOR Joseph Disse (1852-1912)

o

Mezibuné&cny perisinusoidalni prostor mezi
endotelem sinusoid a hepatocyty

— Spojeni Dissého prostoru a lumen sinusoidu diky
fenestrovanym endotelialnim burikam

— Hepatocyty v pfimém kontaktu s krevni plazmou
(mikroklky)

— Perisinusoidalni Itovy bunky

Photomicrographic
Apparatus
(circa 1910)




ITOVY BUNKY

» Hvézdicovité (stelatni, perisinusoidové) buriky

* Kupffer 1876 Toshio Ito
*  Tukové kapénky (— lipocyty) 1951

*  Deponuji vitamin A

*  Produkuji jemné retikularni vazivo

« Antigen prezentujici buniky (lipidové antigeny?)

«  Pericyty, myofibroblasty?




ITOVY BUNKY

inusoi & activated Ito cell ~ —
quiescent Tto cell | i } . | Endothelial cetl] } [ sinusoid |
activated Kupffer cell

Kupffer cell I Endothelial cell

collagen deposifion]

Asociace s patologiemi (fibroticka onemocnéni, nadory)

doi.org/10.1007/s10620-006-9082-8



KUPFFEROVY BUNKY

« Jaterni makrofagy v jaternich sinusoidach
*  Mononuklearni fagocytarni systém
*  Fagocytuji cizi Castice, poSkozené erytrocyty, bakterie, ...

Karl Wilhelm Kupffer
1866

Hepatocyte[ “[' ]’ I ]

Endothelial cell

.@ “" <«— Dendritic cell

Kupffer cell

Sinusoidal lumen

= QQQ

Stellate cell e ] Space of Disse

S0ER




KUPFFEROVY B




Bile Zonula Golgi Space of Disse endoplasmic endoplasmic
canaliculus occludens apparatus reticulum reticulum Glycogen

Space of Disse

Endothelium Smooth Glycogen Golgi
Rough . endoplasmic apparatus occludens canaliculus
SICO RS THID reticulum Mitochondria
reticulum

LUMEN OF SINUSOID



MIKROPROSTREL

hepatic
sinusoid -

B

Lumen of sinusoid

. < ) TA e -
we > 7 Endothelial cell nucleus
SO R B

P, 2 . ‘ ‘ Iy .‘

| — stellate cell -
(Ito cell)

sinusoid



ENTEROHEPATI

Acetyl CoA

Liver

LT ‘.

Lipoprotein synthesis

Cholesterolbiosynthesis

Plasma
compartment \

Upper small intestine

Enterohepatic
circulation

Diet

Sterols

Bile acids

Terminal ileum




€D Secreted bile salts
consist of 95% old, recycled
bile salts and 5% newly
synthesized bile salts.

* Resorpce v terminalni Casti ilea
E) Reabsorbed bile

. Vena portae salts are recycled by
. . enterohepatic ]
e Si nUSO|dy circulation. <‘I: .
Krevni pdl NXM

Common
bile duct

)
Hepatocyty O ©

Sphincter
of Oddi

Duodenum

Zlucovy pol

«  Zludové kanalky
« Intra a extrahepatalni cesty
 Duodenum

Hepatic
portal
vein

pancreas

@ 5% of bile salts
are lost in feces.

Colon\ /

KEY

<—— = Enterohepatic
circulation of
bile salts

> N “Terminal B 95% of bile salts
. !‘?‘\ileum are reabsorbed by

the small intestine.




INTRAHEPATALNI EXTRAHEPATALNI

Zluéové kanalky Ductus hepaticus, ductus cysticus,
- mezibunéény prostor mezi hepatocyty ductus choledochus

- 1-2um

- nemaji sténu, ohrani¢ené jen membranami - sliznice

hepatocytu - fibromuskularni vrstva

- spojovaci komplexy - sfinkter

Heringovy kanalky
- navazuji na zluCové kanalky
- jednoduchy dlazdicovy epitel

Interlobularni zlu€ovody
- cholangiocyty
- kubicky nebo nizky cylindricky epitel + vazivo

Lobarni zluéovody

- ductus hepaticus dexter et sinister

- vysoky jednovrstevny cylindricky epitel
- mucinozni zlazky




INTRAHEPATALN] 2L

Diagram of hepatic structure

biliary canaliculus

cholangiole
Vo =y

- 4 .

central vein n - ) . Ve atic

cords of hepatocytes
and sinusoids

portal space



Hepatic structure (close-up)

tight junction

L
-

— half canaliculus

canaliculus /)
Golgi apparatus - liver cell

space of
Disse

http://alexandria.healthlibrary.ca/documents/notes/bom/unit_4/unit%204%202005/L-
39%202008%20%20histology%200f%20the%20pancreas.xml



INTRAHEPAT
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A EM of a bile canaliculus in transverse section. The lumen shows short stubby microvilli
(arrows) of two hepatocytes. Desmosomes (rectangle) and tight junctions (circles) link cell
membranes, which seals the canaliculus and prevents bile leakage to surrounding tissues. 47,000x.



INTRAHEPATALNI




CHOLANGIOCYTY HEPATOCYTY

HeringlGv
kanalek

Interlobularni
zlucovod

Zluéovy
kanalek

Portalni <
arteriola @

Centralni
véna

Cirkulobularni

Cholangiocyte
venula Hepatic stem cell Hepatoblast j Mature Hepatocyte
. O :
Ep-CAM+ Ep-CAM+
kariee | [1] wrrre- [1] Rpop-
AFP- \ . AFPe g o AFP-
cancer stem cell N
m s P
o
B
/ HB C1-subtype
Ep-CAM +
KRT19 -
AEPs
HB C2-subtype
Ep-CAM

.-
KRT19+
AFP+e
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d. hepaticus communis + d. cysticus — d. choledochus ofsuc\auct

papilla duodeni major
m. sphincter ampullae hepatoduodenalis (Oddiho sfinkter)

DOI: 10.1007/500534-010-0362-5 -

Common
hepatic duct

Common
bile duct

4 .‘/, 4

Submucosa

Longitudinal muscle
enal wall Circular muscle
Common bile duct

Mucosa

Pancreas

Pancreatic duct



Sliznice

- podélné fasy

- jednovrstevny cylindricky epitel (cholangiocyty)
- ve vazivu mucinozni zlazky a poharkové bunky

Fibromuskularni vrstva
- husta sit’ kolagennich a elastickych vliaken
- leiomyocyty

Modifikace zluci

Amino
acids Glucose

Glutathione

GGl

Extracellular

fluid 2CI-  HCO;

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




| ZLUGNIK (VESICA

R. and L. hepatic ducts Cystic duct

R. and L. hepatlic arteries / Right hepatic duct

)4 H 2 g hepatic duct
Sténa silna 1-2mm i e
Proper hepatic artery Neck of
Common bile duct gallbladder

Common hepatic duct

- Sliznice

- Svalova vrstva E ¥ | a

Stomach

Pancreatic duct

- Ser6zal/adventicie

Papilla of Vater

muscle : i
(schematic). ;

Blue: diagonal fibers
Red: longitudinal
fibers branching

off to deeper level

Sliznice

- slizniéni fasy

- 20-50um jednovrstevny cylindricky epitel s mikroklky
- Cetné spojovaci komplexy

- lamina propria mucosae - fidké kolagenni vazivo s mucinéznimi —
tuboalveolarnimi zlazkami fold
- lamina muscularis mucosae chybi

Lamina propria
Epithelium
Epithelial

Muscle

Adventitia

Svalova vrstva (Muscularis propria)

- prostorova sit hladkych svalovych bunék,
- elasticka vlakna

Seroza B TR e T
- mohutna vrstva subserézniho vaziva (l. propria serosae)



= Na*

Gallbladder
lumen

H,O

Koncentrace zlucCi

- Sekrece Zludi jatry — cca 0,8-11 denné o
- Cholecystokinin (enteroendokrinni buriky)

- Objem Zluéniku 15-60 m|

Pressure

- Resorpce vody .

{ I
Basement membrane

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

Approximate Values for Major Components of Liver and Gallbladder Bile

COMPONENT LIVER BILE GALLBLADDER BILE

Na* (mEq/L) 150 300 1

K* (mEg/L) 4.5 10t
Ca** (mEqg/L) 4 20 1

CI- (mEg/L) 80 5
HCO;~ (mEg/L) 25 12

Bile salts (mEq/L) 30 315 1
pH 74 6.5
Cholesterol (mg/100 mL) 110 600
Bilirubin (mg/100 mL) 100 1000




ZLUGNIK (VE

Lumen Surface epithelium

ucosal folds\
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Z/LAZY ASOCIOVANE S
TRAVICI| TRUBICI:
pankreas



b4 V' 4

SLINIVKA BRISNI

Slozena, Cisté serozni tuboalveolarni zlaza ileriorvena cave
Exokrinni i endokrinni charakter Copoc funk
— pankreaticky acinus Cammen h?'gﬁ“;e;al

— Langerhansovy ostravky

Lesser omentum
(free edge)

Hlavni vyvod (Wirsunguav) usti na papilla
duodeni major (Vateri) jako spole¢ny zZluCovy
a pankreaticky vyvod.

VedlejSi vyvod (Santorini), pokud je
vytvoreny, pak na papilla minor

Lingula
(uncinate process)

Vazivové pouzdro z hustého kolagenniho
vaziva <
}fw Root of

Superior mesenteric vessels  mesentery

Septa — krevni cévy, inervace a
interlobularni vyvody

P

5 i % . : { ey 1 i ERa 3 A 2
Low—pgwer section pf pancreas High magnification: acini, Pancreatic islet: A, B, and D
1. Acini, 2. islet, 3. interlobular intercalated duct and cells. 1. Reticulum, 2. acini

septum, 4. interlobular duct zymogen granules



Epitelialni bunky pyramidoveého tvaru
Pankreatickeé travici enzymy
Vsunuté vyvody

Serdzni burky acind
— Polarizované sekrecni bunky
— Bazofilni
— Apikalni ¢ast — Golgi a zymogenni granula
— Microklky
— Spojovaci komplexy

Centroacinozni bufiky

— Centralné umisténé jadro, dlazdlcovy
charakter =

— Navazuji na vsunuté vyvody




Intralobular duct Y

Intercalated duct

__-‘.-_.-.(Centroacmar,cglls;-.;-\g_‘ ;

: Zymogqr{:. ”
granules

acinar cell

Zymogen granules Acinar cells
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« Centroacinézni bunky
* Vsunuté vyvody

— jednovrstevny plochy epitel + bazalni membrana
* Intralobularni a interlobularni vyvody

— jednovrstevny kubicky — nizky cylindricky epitel

« Hlavni pankreatické vyvody
— D. pancreaticus major — Wirsungi a D. pancreaticus accessorius — Santorini
— vysoky, misty vrstevnaty cylindricky epitel a vrstva hustého kolagenniho vaziva
— intramuralni mucindzni tubulézni Zlazky, poharkoveé bunky, EC buriky

Intralobular duct

Intercalated duct

. === Centroacinar.cells == .
o . - -
Zymogen.. _
granules

Common bile duct

Principal pancreatic duct
(Wirsung)

Accessory pancreatic duct
(Santorini)




 PANKREATICKE VYO

Figure 17-6. Exocrine pancreas

o 3 o:._____w Capillary
. = <

Centroacinar cell

It is recognized by its location
in the center of the pancreatic
acinus and by its pale

cytoplasm.

 Islet of Langerhans

This endocrine component
of the pancreas is
surrounded by serous
acini.

Intercalated duct

It is the continuation of
the centroacinar cells
into the connective tissue
stroma.

Zymogen granules
They are present at the
apical portion of the
pancreatic acinar cell.
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cca 1000-2000 ml denne
alkalickeé pH (8.8), HCOj (epitel vsunutych vyvodu)
mucin (epitel velkych vyvodu)

Hydrolazy rizného druhu
— Trypsinogen
— Chymotrypsinogen
— Proelastaza
— Karboxypeptidaza
— Pankreaticka lipaza
—  Amylazy
- ...20

Hormonalni regulace (sekretin, cholecystokinin) + parasympatikus
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ENDOKRINNI FUN

bll = Glukagon

pancreatic duct body of tail of

Ghifion (duct of Wirsung)  pancreas pancreas

bile duct . Spotfeba glykogenu v jatrech a svalech

: /5 - ZvySeni hladiny krevni glukozy
duodenumn \ 0O /\ interlobular
" 4 duct .
/ Insulin
p!icae " 2 = . ) . ..
circulares .5 — » ZvySeni permeability bunécnych
;\am:afs\ membran pro glukézu
suodena] \J - Oxidace glukdzy v tkanich
uodenal rx , . , 7
papilla o — ...—.‘,;, - Snizeni hladiny krevni glukézy
apik of vater) TR : el 3' - Syntéza glykogenu v jatrech a
a S S = =¥ acinar cells
hepatopancreatic ampulla AT P s 4 ? svalech
Campulla of Vater) 7o ' : 3 v

terlobul
flow of digestive wtalobulae

ducts
enzymes to
duodenum T

Pankreaticky polypeptid

- Autoregulace pankreaticke
beta cell
delta cell sekrece

islet of Langerhans

Somatostatin

. Zastavuje uvolfiovani GIT
hormonu
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Intralobular duct V’ eroalated duct
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- Zymogen.
granules




LANGERHANSOVY OSTRUVKY

«  Skupiny svetle zbarvenych bunék A buriky: 20%, glukagon ™
« ccalbx 106

« Tenké vazivové pouzdro
Tramce epitelidinich endokrinnich bungk D bunky: minoritni, somatostatin =

*  Sinusoidy PP buriky: minoritni, pankreaticky polypeptid
« Stromalni bunky (fibroblasty, stelatni buriky,

B buriky: 60-70%, insulin &
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LANGERHANS




INSULO-ACINARN

DOI: 10.1007/978-90-481-9060-7_2
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DM (1)

« Kachexie

« Ztrata zraku

« Ztrata koncCetin

 Diabetické koma

ré

 Renalni selhani

Frederick M. Allen

« Srdecni selhani _ _
,starvation diet"

e Smrt 1921




atrophy of

Z‘g‘ ) exocrine
(’O(:il
glands

ducts
(exocring)

ducts
ligation

healthy dogs

pancreas
removal Group 1 —_—
(Treatment)

diabetic dogs

Group 2

dogs develop (No Treatment)
diabetes

diabetic dogs

cured dogs

sick dogs



11t of January 1922, 14 year old Leonard Thompson became the first person in the world with autoimmune
diabetes (type 1 diabetes) to receive insulin, isolated (“discovered”) by Frederick Banting and Charles Best 27t of
July 1921 (the exact date is debated). Leonard was believed to have had the disease ~3 years when his father
approved the experimental trial, and had only a few days left when he was drifting in and out of diabetic coma due
to his high glucose and ketoacidosis (1). Within the first 24 hours improvement was seen, but they failed. Twelve
days later, the 23d of January, the team (now including biochemist James Collip) resumed the administration of
the extract and finally they were was successful. Remarkable progresses was seen and Leonard left the clinic in
the Spring 1922, and lived 13 more years but passed away at age 27, eventually of pneumonia

http://www.diabethics.com/science/99-years-since-first-patient-received-insulin/


http://www.diabethics.com/diabetes/ketones/
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STRUCNA HISTOR

. . Harold Percival
@rles Best, Fredrick Ban® Hivaéiaith Robert Tattersall Stefan Fajans

Leonard
Thompson

Dorothy Hodgkin 4

THE LANCET
=
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Phéoge Froguel ok Latwop o

1921

1

1

. 1
:Discovery of : :
o

1

.

. Discovery of Artificial
HNF1A & HNF4A Pancreas

ey | :. o) || 2096 || 2017

Recombinant :
human insulin ;

Insulin

of Diabetes

First GWAS | | GWAS study:
udyforType2 | in>1M |
diabetes ;  individuals ;

Diabetes 1969 © Monogenic Form

Structure of

i ‘ Insulin

| First person | oo
: treated with |

First Gene
dentified for |
monogenic
diabetes

Timeline indicating key genetic discoveries in the context of our understanding of the hormone insulin and its use therapeutically.
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VELKE SLINNE

Tuboalveolarni serézni zlazy

Sekreéni jednotky:
« Serozni aciny
« Serozni demiluny
*  Mucindzni tubuly
(v nékteré literature: mucindzni aciny/aciny mucinézniho typu)
Vyvody
* Vsunuté (Zihané), interlobularni, hlavni

Mucinézni tubuly

Yo ey ‘e A
-

/ \
Parotid Submandibular Sublingual
gland gland gland

Serézni aciny

%'
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Gl. parotis Gl.submandibularis Gl. sublingualis
ductus parotideus: M2 | ductus submandibularis: caruncula | ductus sublinguales minores: plica
sublingualis sublingualis nebo i ductus
sublingualis major: caruncula
sublingualis
serdzni smisSena, prevaha serozni slozky smisSena, pfevaha mucindzni slozky
Slina
Seroézni slozka * 0-amylaza
» Cystatiny
« Albumin
. |g
« Statheriny
* Histatiny
e Lysozym

Mucinozni slozka e  Mucin
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Klicova vyvojova struktura:
FARYNGOVY (ZABERNI)
APARAT




chorionic

cavity

(]

Head

amniotic =~ |
membrane &

Body




FARYNGO

Faryngovy oblouk

sval
» chrupavka
e arterie
* nerv

* mezenchym/ektomezenchym

Ektodermalni stérbiny (vklesliny)
* Z povrchu
« ektoderm

Faryngové vychlipky
» lateralné z primitivniho faryngu
* entoderm

Faryngové membrany

« kontakt Stérbiny a vychlipky
 ektoderm a entoderm

*  Membrana obturans/branchialis

neuraktupe

\Wopticivesicle

L=

fendoderm ectoderm

haryngeal
gouc)"\ J

phatyngeal
Rwsrgleg

pranchial '/

ECLY branchiall " branchial

cattilage LICEVE



| FARYNGOVY APA

caniiage

of hyoid bone
Cricold cartilage
Carison: Human Embryology and Developmental Biology, 4th Edition.
Copyright © 2009 by Mosby, an Imprint of Elsevier, Inc. All rights reserved.

Derivaty faryngového aparatu

Oblicej v€etné mékkych tkani
Mimické a Zvykaci svaly

Jazyk

Zevni a stredni ucho

Jazylka

Chrupavky laryngu

Thymus

PFistitna téliska

Fossa tonsillaris (pro t. palatina)

Velké arterie



| FARYNGOVY A

Auditory Ventral side
tube of pharynx

Foramen
cecum

Primitive
tympanic
cavity

External
auditory
meatus

Palatine tonsil

Superior
parathyroid gland
(from 4th pouch)

- *--------

- ; >
=,
-

Inferior
parathyroid gland
(from 3rd pouch)

Ultimobranchial body

Thyroid
gland

Thymus Foregut



IFARYNGOVY

1st pouch

2nd pouch
3rd pouch

4th pouch

!

o st cleft
2nd cleft
3rd cleft

Cervical sinus

\— 4th cleft
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kladivko, kovadlinka N .
o : : stfedousni
vNejSi 1 _— \ .o lig. sphenomandib. .
.. .| a. maxillaris : : zvykaci dutina, tuba
zvukovod mandibularni trigeminus Meckelova .
auditiva
chrupavka
tfminek
2 a. stapedia VI mimické proc. styloideus, fossa
hyoidni a. hyoidea facialis hyoidni chrupavka tonsillaris
a. carotis IX m. thymus,
zanikaji 3 interna glossopharyn | stylopharyn | hyoidni chrupavka pristitna
geus geus téliska (inf)
a. sval o fistitna
. X y laryngealni pris
4 subclavia dx. faryngu a teliska
vagus chrupavky
a. arcus aortae laryngu (sup)




| ABNORMALITY

F;;, Region !
External auditory preauri Tubotympanic
meatus fistul ; recess
) Re 'on & Sacp /
lateral cervical
v Cy Palatine
{ tonsil
Intemal
Palatine \‘ﬁ branchial
tonsil fistula
Lateral Lateral
cervical cervical
cyst cyst
External | Sterhocleidomastoid
branchial i A muscle
fistula |
=
A B T

i Rl i
i HN,\\ ity

Radiology Key



VYVOJ OBLICE

Maxillary process

' \Meckel's cartilage

Pharyngeal cleft

Meckel's cartilage Styloid process

Stylohyoid ligament

Lesser hom of hyoid bone
— Greater hom of hyoid bone

Body of hyoid bone

Thyroid cartilage

Cricoid cartilage

Tracheal rings



| VYVOJ OBLICEJE

processus frontonasalis

processus maxillares

stomodeum

processus mandibularis

A
24 days
nasalni plakoda
stomodeum
B 2. faryngovy oblouk

28 days



VYVOJ OBLICE

D Frontonasal prominence I___l Maxillary prominence - Mandibular prominence

Pharyngeal
arches:
1st

StomOdeum \

Heart prominence

2nd
Stage 14

32 day

A
24 days 35 somite
Lens placode
Nasal placode
Stomodeum /
B 2nd pharyngeal arch ‘.

28 days

upper
limb bud



4. tyden

Frontonasal
Developing process

brain
’

Lens _u

placode

Nasal
placodes

Stomodeum

Site of otic

placode "
Developing

heart




| VYVOJ OBLICEJE

Nasal pit

Eye
Nasolacrimal groove

Cq
31 days

Nasal pit

Median

Nasal prominences
Lateral } P

Nasolacrimal groove

Maxilla with
4 incisor teeth

33 days External acoustic meatus
(first pharyngeal groove)

Intermaxillary segment

Fused

«  Cichové jamky jsou ohrani¢eny valy — medialni a lateralni nosni valy
«  zbytek ¢elniho valu - area triangularis (zaklad pro hibet a hrot nosu)

«  medialni nosni valy spolu srostou a vsouvaji se mezi maxilarni vybézky jako intermaxilarni segment

(stfedni ¢ast horniho rtu, ¢ast horni Celisti v oblasti fezakU a ¢asti patra — primarni patro)



frontonasal
£ prominence
medial

medial
nasal nasal

brominence




VYVOJ OBLICEJE

Frontonasal prominence

35 days

* maxilarni vybézky srostou
1. s intermaxilarnim segmentem (vytvoreni horni Celisti a rtu)
2. s lateralnimi nosnimi valy — (zbytek horni Celisti a kfidla nosu

« lateralni nosni valy jsou od maxilarnich vybézku zpo€atku oddéleny ryhou — sulcus
nasolacrimalis, ktera se uzavfe a vytvofi slzny kanalek



VYVOJ OBLICEJE

Lat. nasal
prominence

Med. nasal
prominence
Maxillary
prominence
Mandibular
prominence

A

7. tyden




| VYVOJ OBLIC

e primarni patro (intermaxilarni segment)
e sekundarni patro (lateralni patrové ploténky)

Medial nasal
processes

Frontonasal
prominence —— Lateral nasal
rocesses
Maxillary .
processes i— Nasal pits
Oral cavity - Alae -
~—— Mandibular

processes

Primary
palate Incisive

foramen

- Nasal
septum

Fused
palate

Secondary
palatal
shelves

Nature Reviews | Genetics



| VYVOJ OBLICEJ

Nasal chamber

Eye

Primary
palate

’0,/

Palatine shelf

Incisive
foramen

Oral cavity

B \ﬁwula






| VYVOJ JAZY

Zakladem jazyka je mezenchym faryngovych obloukd I, I, IV

l. tuberculum linguale laterale (dx. et sin.) + tuberculum impar (linguale mediale)
— apex a corpus
l1I-1V. copula + eminentia hypobranchialis — radix

Svalové bunky z okcipitalnich myoblastu

Vztah k vyvoji stitné zlazy

— ductus thyreoglossus a

foramen caecum

The human tongue

Sulcus terminalis base

food
and air
passage

lower
jawbone

© Encyclopaedia Britannica, Inc.



VYVOJ VES

Vestibularni lista

. definitivni ret

. gingivalni val

Mandibula

Dentalni lamina
Dentalni papilla
Organ skloviny
Labiogingivalni lamina
Meckelova chrupavka
Oralni epitel

Jazyk

©ONOOGAWDNE

http://www.chronolab.com/atlas/embryo/histo_head.htm



I VYVOJ VESTIB

* Nazalni kanalky — primitivni choany

* Nazalni septum z area triangularis — splyva se sekundarnim patrem

ethmoid bone
sphenoid sinus

frontal sinus

. Oko

Mandibula
Maxila

Dutina nosni
Nosni septum
Dutina ustni
Patrove vybezky
Jazyk

nasal
vestibule

ONOOR WD



Interakce ektodermu a mesenchymu

« primarni dentalni lamina — doCasna dentice

* nahradni lamina (trvalé fezaky, Spicaky, premolary)
» sekundarni lamina (trvalé molary)

Dental lamina

Upper lip

Tooth bud

Lower lip Dental lamina

%@\ First pharyngeal

arch cartilage
g B

..%‘//,

\ Developing

Mesenchyme mandible



vivoszusy

*  Primordium
« Zubni vacek (zubni papila)
« Zubni poharek (organ skloviny)

/ Oral epithelium

s ———

65/ Tooth bud Dental lamina 7
Dental lamina Enamel organ GRS
A \ B C ,

Mesenchyme Dental papilla

Degenerating dental lamina

Bud of

permanent tooth Enamel

reticulum

Inner enamel epithelium Dental pulp

Bone

F

Outer enamel epithelium Dental papilla

Dental sac Epithelial
root sheath



« organ skloviny (zevni a vnitfni ameloblasty, pulpa
skloviny — sklovinné retikulum) - produkce
sklovinnych prizmat

- diferenciace odontoblastu - ukladani dentinové
matrix

- vybéZky odontoblastl: Tomesova vlakna

Enamel |
reticulum

Ameloblasts —__[&==

Enamel prisms

Dentin
Predentin .
| e oie
Dental pulp
Odontoblasts

Odontoblastic process



vivoszusy

vyvoj kofene — profezani zubu
cervikalni klicka — Hertwigova kofenova pochva

Oral epithelium
Ging)ya | Anatomic
Odontoblastic layer crown
Dental pulp
"— Periodontal ligament ~ Root
i Artery

| Alveolar bone

Developing permanent tooth
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Rozstép mekkeé tkané

rozStép horniho rtu (cheiloschisis) — laterdlni (uni, bi), medidlni

e rozstép dolniho rtu — medialné, kombinovany s dalSimi vadami (Celist,
jazyk) — gnathoschisis et cheiloschisis inf.

e Sikmy rozStép (fissura orbitofacialis)
e pricny rozstép (fissura transversa)

35 days




| ABNORMALITY

Rozstép tvrdé tkané

* horni ¢elist

- mezi Spicakem a 2. rezakem

- unilateralné nebo bilateralné

- kombinovana s rozstépem patra (cheilognathoschisis)
* patro (palatoschisis)

- primarni (pred foramen incisivum)

- sekundarni (za foramen incisivum)

+ sdruzené vady: cheilognathopalatoschisis

Primary Incisive
foramen

Nostril

Maxilla with
4 incisor teeth

Primary
palate ] % Philtrum of lip

_Primary
-
< palate

Fused
palatal
plates

D F

Figure 16-25. Ventral view of the palate, gum, lip, and nose. A, Normal. B,
Unilateral cleft lip extending into the nose. C, Unilateral cleft involving lip and jaw,
and extending to incisive foramen. D, Bilateral cleft involving lip and jaw. E, Isolated
cleft palate. F, Cleft palate combined with unilateral anterior cleft.



Figure 16-26. Photographs of incomplete cleft lip (A), bilateral cleft lip (B), and
cleft lip, cleft jaw, and cleft palate (C). (Courtesy Dr. M. Edgerton, Department of
Plastic Surgery, University of Virginia.)



VYVOJ GIT;
travici trubice, jater a
pankreatu



VYVOJ GIT

TYDEN cca

Vitelline !-’,'T"
duct=T7]

Cloacal
mambrans

VELIKOST EMBRYA

)

Allantois—f==gJ

3 mm

Esophagus
Seplum
FANSYErsum
fransve Stamach
Liver Duodenum
Prim. intesiinal
laap
Cloaca

5mm



VYVOJ GIT

PRIMITIVNI STREVO

cefalokaudalni a lateralni flexe embrya

Ectoderm . - . Amniotic cavity

A

Prochordal plate Cloacal
Angiogenic cell cluster membrane

Foregut

22 days

Buccopharyngeal membrane
pharyng Cloacal membrane

25 days

Heart tube

Tracheobronchial diverticulum "¢ Pvd

Midgut

Rests of Allantois

28 days

Amniotic cavity  Vitelline duct”



pOéétek 4 tyd ne Tracheobronchial diverticulum = V¢ 0¥d
« orofaryngova (stomodeoum) membrana
» kloakova (proktodeum) membrana s Mantos

membran

Predni strevo

 primitivni farynx (— a derivaty) e
 dolni cesty dychaci (— laryngotrachealni vychlipka)
« jicen a zaludek

« proximalni duodenum

» jatra a zluCové cesty (— jaterni divertikulum)

« pankreas (— pankreatické vychlipky) o

« Truncus coeliacus "W“‘W'“—‘i e A1 I

Stredni strevo

» distalni duodenum, ileum, jejunum

« caecum, appendix, colon ascendens, colon
transversum (1/2-2/3)

superior
+  mesenteric
artery

Mesentery

- A. mesenterica superior /l'm"lii',ﬁienc
” v rti
Zadni strevo o

» colon transversum (1/3-1/2), colon descendens, colon sigmoideum
* rectum, analni kanal

» Cast moCového systému (vystelka moCového méchare, uretry)
 A. mesenterica inferior



Trachet = =-

&~ I 2 - Trachea
Esophagus _f "

Bile-duct ---

V-shaped loop of
small inlesline ===

Fitelline duct -----
Cloaca =~=—-----




PREDNI STREVO




» derivat predniho streva

» tracheoezofagové septum (4. tyden)

 rychly rist kaudalné diky vyvoji srdce a plic
(konecCna relativni délka 7. tyden)

« vystelka endodermového plvodu

» obliterace—rekanalizace do konce 8. tydne

« svalova vrstva z mezenchymu kaudalnich
faryngovych obloukt nebo splanchnopleury

Esophagotracheal

Respiratory
diverticulum

usni jamka sidloe farynx

faryngové aorta
P, ODIOUKY stomodeum gl

ezofagovy Usek

. stfedni stfevo

§topka ’ ol ../ zaludecni
zloutkového vaku septum ‘ e a duodenalni usek
pupednik transversum ‘ g}* o/ ’“_%
Zloutkovy vak r 8/ | _ arteria coeliaca
stopka Zloutkového ) / .
vaku a arteria vitellina ‘

zaklad jater

arteria
mesenterica
superior jdouci
ke stfednimu
stfevu

arteria mesenterica
inferior

alantois

proktodeum
zaludek

kloakalni

‘. ——placenta membrana

A \ B kloaka zadni stfevo



ZALUDEK

» derivat predniho streva

 fusiformni dilatace (4. tyden) v medialni rovinné

« podélna a ventrolateralni expanze — vznik velké a malé kurvatury
 rotace zaludku

usni jamka sidloe farynx

faryngové aorta
B oblouky stomodeum Y e, A

ezofagovy Usek

. stfedni stfevo
stopka :

= ) zaludedni
Zloutkového vaku

septum a duodenaini usek

pupeénik transversum

zloutkovy vak arteria coeliaca

stopka Zloutkového
vaku a arteria vitellina

zaklad jater

alantois i arteria
" mesenterica
proktodeum superior jdouci
Zaludek ke stfednimu
‘ stfevu
e kloakalni arteria mesenterica
/placenta membrana inferior

B kloaka zadni stfevo



LU I

Longitudinal
rotation axis

* rotace zaludku
e 90°

O

\‘ Lesser

Clockwise curvature—_J

ventralni mala kurvatura — doprava
dorsalni velka kurvatura — doleva
leva strana —» ventralné

prava strana — dorsalné

kranialni ¢ast —» doleva kaudalné
kaudalni ¢ast —» doprava kranialné

Stomach

Greater
curvature

Duodenum

Dorsal mesogastrium Omental bursa

Stomach

Ventral
mesogastrium

— vysledna anatomicka nervus
vagus

Cardia

mezenteria zaludku - TN Esophagus
* mezogastrium dorsale (zadnf)
— bursa omentalis a omentum

Lesser
curvature

majus
* mezogastrium ventrale (predni)
— fixace Zaludku a duodena \ " s

A Greater B

= curvature
Pylorus curvature



DUODENUM

« z kaudalniho predniho a kranialniho stredniho streva
* duodenalni klicka
. st \ vyvijejici se hepatické provazce
-+ 5.a 6. tyden: obliterace v AN ol = Y
dusledku proliferace mezenterim—_ S oo | (¢
endodermu— z.‘;’ﬂ’&ivém\,---'-.-.:-'f-'-'--_: stfecn 7, SN
rekanalizace a postupny - L O - /
vyvoj definitivni vystelky: 8. A gt | .\ pupen:
tyden stfedn FIECS pankresty
branice Zaludek
* Uzky vztah s vyvojem i -
jater a pankreatu )/;1 R | /
’ e
) Zugovod | ] ZluGovy méchyf \\\ '
« dlsledek rotace Zaludku a S &) zw>od EN
duodena: retroperitonealni ) /\ ‘\@\\Eﬁé’k":’“’“”‘ . |pred stevo_ gl
poloha duodena a pankreatu e —— e -

méchyr cysticus pankreaticky pupen

Cc



* Vychlipka ventralni stény embryonalniho duodena = jaterni divertikulum

rychle proliferujici bunky divertikula pronikaji do

septum transversum (= mesodermalni ploténka

mezi perikardialni dutinou a Zloutkovym vakem)
«  Vychlipka vytvofri klicové ¢asti: a vrustaji do ventralniho mesenteria
1. pars hepatica (jaterni parenchym + ductus hepaticus)

2. pars cystica (ductus cysticus: zlucnik + vytvafi d. choledochus

a Post-specification b Liver-bud stage
11-13-somite stage 18-25-somite stage

Septum transversum
mesenchyme cells

Primitive endothelial
cells



Vychlipka ventralni st&ny embryonalniho
duodena — jaterni divertikulum

a pars cystica (ductus cysticus + zZlu¢nik)
vytvari d. choledochus

Rychle proliferujici buriky pronikaji do septum
transversum (mesodermalni ploténka mezi
perikardialni dutinou a zloutkovym vakem) a
vrustaji do ventralniho mesenteria

Entoderm: jaterni tramce

Interakce mezi burikami jaternich tramcu a vv.
omphalomesentericae indukuji vznik jaternich
sinusoid

Vazivo, Kupfferovy a hematopoetické bunky — z
mesodermu septum transversum

Mesoderm na povrchu diferencuje ve visceralni
peritoneum

10. tyden:

- 10% téla

- hematopoeze
12. tyden: produkce ZIuci

peritonealni dutina

hepaticka
vychlipka (
\

Pars hepatica (parenchym + ductus hepaticus)eini

mezenterium

Zloutkového —

dorzalni aorta

vyvijejici se
Zaludek

predni
stfevo
duodenum

stredni
stfevo

.y
i
\; «% %o

branice
\
\/» ==\
>
&> |_ zaludek
F Zluéovod |
jatra~_|
Pad il dorzalni
~ 1 pupen
< pankreatu
) “1(2 ,\\duodenélni
V. \@ klicka

/
Zlucovy ductus ventralni

méchyf cysticus pankreaticky pupen

C

Liver bud

Ventral ‘| pancreatic bud

pancreatic bud

ventralni mezenterium

hepatické provazce\ = / B
(primordium jater) | )

ductus cysticus

ZluCovy méchyr

dorzalni mezenterium

pupecnik —
B dorzalni
Zlugovy méchyf A Pupen
<ueavy.mee ystfedni predni pankreatu
strevo Stfevo

branice Zaludek

]

§/

L splynuly
v | Zlucovod | A ventralni
\ v a dorzalni
™ . upen
| predni stfevo g agkreatu

stfednistievo

Dorsal pancreas

Ventral pancreas



Pankreas ‘

* dvoji vychlipka kaudalniho useku pfedniho stfeva
- pancreas dorsale Foreat

E9.5 P
- pancreas ventrale Panretic b

epithelial expansion

e rotace a rust

* ductus pancreaticus (major et accesorius)

— vyvod ventralniho pankratu splyva s vyvodem dorsalniho pankreatu a déli jej na
proximalni a distalni ¢ast
Ty s B o vr v v foz s v s E10.5
— proximalni cast dorsalniho vyvodu zanika, pfipadné pretrvava jako vedlejsi vyvod i tn e
— vyvod ventralniho pankreatu a distalni ¢ast vyvodu dorsalniho pankreatu — hlavni vyvod ARY 1900 Microlumen

Pancreatic Bud

» pankreas je sekundarné retroperitonealni

« Langerhansovy ostrivky aktivni od 4. mésice o

Trunk-tip .-" ". Lumen
segregation 5 - s

Septum transversum

~ Tip Cells

E13

Epithelial remodeling to
mature pancreatic tissue
architecture

L \(

Islet of
Langerhans S8
S_Intercalated

Pancreatic
Acinus g
Duct Cells
’7 4 B Centroacinar
.‘ Cells
Centroacinar . 4
Cell =

Ventral anlage Dorsal anla
i 98 (b)

&




PANKREAS - SEKU

Dorsal
mesoduodenum

Head of
pancreas
Parietal Pancreas and
¥ peritoneum~< duodenum in

retroperitoneal
Duodenum positio




| VYVOJ PANKREAT

Entoderm pfedniho stfeva

2 Budouci
Trun ¥
Langer?ansuv Buiiky
ostrivek

Bipotentni vyvodu

prekurzory

mikrolumen
,_r/
» Lo Kmenové burky
’ . TI' ‘r
Rostouci zdklad pankratu p &
Specifikace tkariovych domén
Mikroluminizace
Legenda

Acindzni burik
Entoderm predniho stfeva Y

Luminizace a vétveni vyvod
Formovani exokrinni a endokrinni slozky

Multipotetni progenitorové buriky (MPP)

Bipotentni prekurzory vyvodl a endokrinnich bunék

B B (& (o] o] (e (e ]

Prekurzory acinéznich bunék E
Duktalni buriky Pdx1  Nkx6.1 Nkx6.1 Pdx1 Sox9  Prox1
P, Ptfla Nkx6.2 Nkx6.2 Hnf6 Hnflp Gata6
RIS iy Sox9  pnf1p8 Sox9  Hes1 Hnf6  Hesl
Acindzni buriky Gata4 Hnf1p Glis3 Pax6  Glis3
Predpokladané adultni pankreatické kmenové buriky Entoderm pfedniho ﬂ, MPP [———> E— Vyvody
stfeva
Nkx6.1  Ngn3
Shh* Pdx1 Ins1/2
Arx Pax6
Jan Trna, Zdenék Kala, Lumir Kunovsky a ko Pdx1 ﬁd’f Pax4 Rfx3
Entoderm duodena Ptfla tfla NeurodD Glis3
J Sox9 Gata4
' Nkx6.1 ? c-myc Endokrinni
== e progenitory
o | Centroacindzni buriky | NI 1

KUINICKA

Pankreatické adultni

kmenové buriky R

ey Gata4
__Serézm acin
y Mist1

Nr5a2

PANKREATOLOGIE

2., prepracované a doplnéné vydani

mardorf

Centroacinézni

bunky

Definitivni morfogeneze

8 buriky

Zraly Langerhansav
ostrivek

Pax6 Arx FoxA2 Pou3f4 MafB

Pdx1 Nkx6.1 NeuroD Pax6
Pax4 Isl1 Rfx3 Gli3 Mnx1

Pdx1 Hhex Isl1 Pax4

Arx Isl1 Rfx3



STREDNI STREVO




» distalni duodenum, ileum, jejunum, caecum, appendix, colon
ascendens, colon transversum (1/2-2/3)

* a.mesenterica superior
* pupecni klicka se dvéma raménky komunikuje se Zloutkovym vakem
« komunikace s extraembryonalnim coelomem — fyziologicka pupecni

hernie — 6. tyden
» repozice 10. tyden

Stomach

Duodenum

Cephalic limb
of prim.
intestinal loop Sup.
mesenteric
artery
Vitelline |
A Caudal limb of

prim. intestinal loop



STREDNI STREV

* v pupecniku rotace o 90°
* po repozici rotace o dalSich 180°

Anti-Clockwise

https://www.youtube.com/watch?v=eB0tcf-mDH8

dorzalni aorta

slezina

dorzalni pupen
pankreatu

pupeénik

horni
klicka

,‘/?

arteria mesenterica inferior

stopka
Zloutkového
vaku

klicka

klicka stfedniho stfeva arteria mesenterica superior

jatra dorzalni mezogastrium

slezina

ventralni mezenterium ; %/
i\p/ Zaludek

zmmm% 4

giie T\ £l

pupecnik \ ”_'ll/duodenum
; 7]

i A _ _—zadni stfevo
\ A _,)#-w ;‘
Ea o :
‘ \
e cekalni G
divertikulum

dorzalni aorta

jatra /
bursa omentalis
~—— (cavum peritonei minus)

omentum

A.\/ minus
2 slezina
cékum 37 I 7\ ﬁ,/

3 colon colon
colon ascendens ,, s /descendens
transversum v ’

/ SN/ tenké
A== stfevo
\./_\f'\_/'

M \ ™ colon sigmoideum

b D, E o rektum
cékum a apendix



Human Fetus (10 week)




https://www.youtube.com/watch?v=vJA1AOv6Aa4



https://www.youtube.com/watch?v=vJA1A0v6Aa4

ZADNI STREVO




« colon transversum (1/3-1/2), colon descendens, colon sigmoideum
e rectum, analni kanal

« Cast moCového systému

* a. mesenterica inferior

 kloaka
- spolecné prechodné vyusténi urogenitalniho a traviciho systému
- kloakova membrana - entoderm kloaky a ektoderm proktodea

Cranial end

__— Cardiogenic area

Prechordal plate
(future mouth)

Notochord

Cloacal
Membrane

~ Primitive pit
— Primitive node

— Primitive groove

——— Cloacal membrane
(future anus)

Caudal end



ZADNI STREVO A KLOA

urinary bladder

urinogenital rectum
sinus \

opening of rectum
into a cloaca

Fig. 31.6. Female reproductive system of platypus
(Diagrammatic).




KLoAKA A JE DR AT

+ kloaka
- kloakova membrana - entoderm kloaky a ektoderm proktodea
rektum
» urorektalni septum déli kloaku na dorsalni anorektalni kanal —)
a ventralni sinus urogenitalis horni éast

\ moé&ovy méchyf analniho kanalu

urethra feminina
horni ¢ast urethra masculina
vestibulum vaginae

e srustem s kloakovou membranou vznikne membrana analis a
membrana urogenitalis
* perineum

8. tyden — perforace analni membrany

alantois  Zloutkovy vak kaudalni stfevo  kloakalni membrana
3 \ alantois
\ mezenchym
/ stfedni stfevo \ \ / y
\\ __—urorektalni septum \
7/

A i
———zadni sttevo  zfaseni _—7

: P ) Q‘\zadm’ stfevo stény kloaky

urorektalni septum

uroven fezu B,

2 mm




ZADN| STREVO —

alantois  Zloutkovy vak

~)

stfedni stfevo \\

R
U / zadni stfevo
\ B\urorektélni septum N

A B

falus

proktodeum

urorektalni septum

kloakalni membrana

vyvijejici se
mocovy méchyf

urorektalni septum

rektum

analni kanal

analni membrana

LA sinus

s /——— urorektalni septum
¢ e
: i

perineum
=
EYaRd (A el rektum

uroven fezu F

kaudalni stfevo kloakalni membrana

alantois

/ / mezer\1‘chym

i
é/ urorektalni septum
/

——zadnistievo  zfaseni —7 |
o stény kloaky

\

uroven fezu B,

urogenitalni

zfaseni lateralni
stény kloaky

rektum

uroven fezu D,

urogenitalni membrana urogenitalni sinus

urorektalni septum

« analni kanal
2/3 ze zadniho streva,
1/3 z proktodea

linea pectinata — pavodni
poloha analni membrany

anokutanni linie — zmeéna
epitelu



VYVOJ TRAVICI T

Wolffian duct

Allantois

A
Closing plate

Ureter

D
Urogenital ;
sinus :
Z Wolffian duct
.
ectum
22.8 mm.

42 mm.

Copyright @2006 by The McGraw-Hill Companies, Inc
All rights reserved.




M. sphincter cloacae je rozdéleny urorektalnim septem na dvé ¢asti:

n. pudendus
- m. sphincter ani externus nn. rectales inferiores
- m. transversus perinei superficialis
m. bulbocavernosus nn. perineales

m. ischiocavernosus

Penis

Clitoris

Ischiocavernosus

Bulbospongiosus (aka
bulbocavernosus)

Urethra

Vagina /

Transverse perineal
muscles

Anus

External anal sphincter

Levator ani

Coccyx

Gluteus maximus

Male perineal muscles: inferior view Female perineal muscles: inferior view



Dekuji za
0zornost

Otazky? Komentare?

“Whoa! Watch where that thing lands — we’ll probably
need it.” .
pvanhara@med.muni.cz
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