Digestive system

1. Microscopic anatomy of esophagus,
stomach, small and large intestine

2. Microscopic anatomy of pancreas,
liver, overview of GIT embryology




Microscopic anatomy of liver and bile ducts

- Macro — a microscopic anatomy

- Definition and structure of liver lobulus
- Hepatocytes and other liver cells

- Intra- a extrahepatic bile ducts

- Gall bladder

Microscopic anatomy of pancreas

- Pancreatic acini and ducts
- Islets of Langerhans

Embryonic development of digestive system, liver and
pancreas

- Primitive gut derivatives
- Changes in morphology and lovalization druing development
- Regeneration




LIVER (HEPAR)

Liver parenchyma — biggest gland in | ¥ Antorior nspeet:
human bOdy Diaphragm (puiled up) .

C.t. capsule
Nutritive and functional blood supply
Endocrine and exocrine function

Uniform histology of all four major
anatomic lobules and segments:

Coronary ligament

Falcitorm ligament

Round ligament (ligamentum teres) of liver

- Hepatocytes and other cell
types Gallbladder

(fundus!
- C.t. stroma
- Blood and lymphatic vessels
- Sinusoids _ V Visceral surface.

- Innervation
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CAPSULA FIBROSA HEPATIS

— Serous mesothelium
— C.t. — collagen and elastic fibers

— 70-100pm

— Porta hepatis
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CAPSULA FIBROSA HEPATIS

Porta hepatis

\

ANTERIOR

\

Comman hepatic

Hepatic artery
duct

RIGHT LEFT

Portal wein

POSTERIOR



VASCULARISATION

FUNCTION NUTRITIVE
« capillary stream of stomach and intestine « aorta

* vena portae * arteria hepatica

* Interlobular veins * segmental arteries

« circumlobular venules * interlobular arteries

 circumlobular arteriols

V. hepatica d. m. s.

* hepatic sinusoids
* venae centrales hepatis
» venae sublobulares

* venae hepaticae

* vena cava inferior

Porta hepatis



Left lobe
Faiciform ligament
Hepatic artery

Vena cava

Portal vein

Portal area /

Hepatic lobule
Fiote Central vein
A. Hepatic artery
Portal triad Bile duct

Portal vein

Central vein

Sinusoids

Bile duct

Portal vein Portal triad

Hepatic artery

Gartner, Hiatt: Color Textbook of Histology (2001)



MICROSCOPIC SEGMENTATION OF LIVER

Three possible definitions

Histological — lobulus venae centralis

Metabolic — liver acinus
metabolic zone 1 -3
oxygenation of hepatocytes

+ Historical (physiological) unit
— lobulus venae interlobularis
(portal acinus)



Liver acinus

metabolic divergence dependent
on arterio-venous gradients

Zone | (periportal)

Zone lll (perivenous)

oxidative processes
beta-oxidation of fatty acids
catabolism of aminoacids
gluconeogenesis
production of urea
synthesis of cholesterol
glycogenolysis

production of bile

glycogen synthesis
glycolysis

lipogenesis
ketogenesis

production of glutamine
synthesis of bile acids

biotransformation




CENTRAL VEIN LOBULUS
Lobulus venae centralis

— Classical morphological unit

— Polygonal cells (hexagonal), 0.7 x 2mm
— Central vein

— Radial cords of hepatocytes

— Liver sinusoids

— Portal triad, portobilliary region

Interlobular
connective tissue

Central vein

’: Y _Portal triad
in portal
tract







CENTRAL VEIN LOBULUS
Portal triad

Contact of 3-4 neighboring lobuli

» Interlobular artery (a. interlobularis)

» Interlobular vein (v. interlobularis)

* Interlobular bile duct (d. bilifer interlobularis)
* Lymphatic vessels Hepatic arte
* Innervation — nervus vagus s

Former concept of bile canaliculi now
known to be formed by membranes of
adjoining hepatocytes

Bile duct

Loose interstitial c.t.

Hepatocyte

Lumen of fenestrated
hepatic sinusoid

<OMN t\.CQAlC‘l../AD

A Parts of hepatic lobule at portal triad (high magnification).



Ham: Textbook of Histology

Sinusoids

Bile canaliculi

Bile duct
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PORTAL TRIAD

branch of the
portal vein




CENTRAL VEIN




LOBULUS VENAE CENTRALIS

Bile ducts

Interlobular
branches
of portal vein

Bile ducts

Interlobular
connéective tissue

Bile ducts

\ .
- Branches of hepatic artery |
Bile ducts o Branches of portal vein

Branches of portal vein



LOBULUS VENAE CENTRALIS
Hepatocytes and liver sinusoids

« Hepatocytes arranged to cords, width 1-2
cells, often anastomoses

 Sinusoids

9-15um
Anastomosing network of flat endothelial
cells

Basal membrane absent - no diffusion
barrier

Fenestrations - 100nm, diaphragm absent
Intercellular space

Perisinusoidal (Dissé) apace

Reticular fibers, perisinusoidal fibroblasts

Dispersed Kupfer cells (monocyte-
macrophage system)

Perisinusoidal cells of Ito

« Vena centralis — thin-walled vessel,
draining blood from sinusoids

Central vein

Sinusoids

/ “('p.ﬂl!’ artery
TF 0

Portal vein
\ / - Bile dm\'ll

7l

J

) ’
Portal vein  Bile duct Hepatic artery



LOBULUS VENAE CENTRALIS
Hepatocytes and liver sinusoids

« Space of Dissé

— Connection of space of Dissé and sinusoidal
lumen by fenestrated endothelium

— Hepatocytes in direct contact with plasma
(microvilli)

— Cells of Ito




LIVER SINUSOIDS




INNER SURFACE OF LIVER SINUSOID - SEM



LUMEN OF SINUSOID

Smooth Rough
Bile Zonula Golgi Space of Disse  endoplasmic endoplasmic

canaliculus  occludens apparatus \ticulum reticulum Glycogen
. | = : :
= b ok o

Space of Disse

Endothelium  Smooth Glycogen Golgi Zonula Bile
R";ghl . endoplasmic apparatus occludens canaliculus
enaopiasmac reticulum i :
catiouliags Mitochondria

LUMEN OF SINUSOID



damaged

erythrocytes and pathogens

Mononuclear phagocyte system
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Liver macrophages
Phagocytosis of particles




CELLS OF ITO

Star-shape (stellate, perisinusoidal) cells
Lipid droplets

Deposition of vitamin A

fine reticular c.t.

Antigen presenting cells (lipid antigens)

Hepatocyle[ I I I ]

Endothelial cell oomeina & =
= = " <—Dendritic cell

Kupffer cell 38

Sinusoidal lumen

Stellate cell e ] Space of Disse

BEER




HEPATOCYTES

Kupffer cell

Polygonal cells of liver parenchyma )
Y9 P y Lumen of sinusoid

20x30um
Irregular trabecules between sinusoids Endothelial cell
Usually one central nucleus. Bi- and multi- Space of Dissé
nuclear cells common (20%)
Nucleoli
Microvilli
Lysosomes
Glycogen Mitochondria
Functional surfaces: RER
— Bile pole - secretory— membranes of
neighboring hepatocytes form bile capillary
— Blood pole - absorptive - sinusoidal — Bile canaliculus
microvilli oriented to space of Dissé

— Membranes with intercellular junctions Lysosomes

SER
Nucleus

Bile canaliculus






HEPATOCYTES

Long mitochondria with flat or tubular cristae
Apparent ;RER, sER and Golgi

Glycogen, lipid droplets, lysosomes,
peroxisomes




/ From plasma: \

Glucose, aminoacids, bile acids

Space of
Dissé Cells of Ito

\ Erythrocyte ~€O /

- Tight junction
LN

\
» “Bile O ke @&

capillary

& OO D Q\/_JCD
\—\/D | O Do @ c G/__,)QC

e Cp Spay T < prer cell I
pace of : pfer cells
Dissé » @ O@

\ Blood proteins (serum albumin, fibrinogen, prothrombin, complement, transferrin, etc.) )



Bile acids
Bilirubin
Steroids
Drugs

ATléasa

AQK

biotransformace
a konjugace

ABC
transporter

capillary

@/‘

Tight junctlon

JE @-"

* Cholestasis

IgA



METABOLIC ACTVITY OF HEPATOCYTES

Synthesis and metabolism:

Proteosynthesis — RER + Golgi (plasma proteins — albumins, prothrombin, fibrinogen)

Metabolisms of lipids — sER, peroxisomes (lipidic conversion of fatty acids and glucose,
lipoprotein synthesis)

Metabolism of glucose and saccharides - synthesis of glycogen, glycogenolysis and
gluconeogenesis (insulin / glucagon)




METABOLIC ACTIVITY OF HEPATOCYTES

« Detoxication:

sER (steroids, barbiturates, polyaromatic, lipid soluble compounds, etc., endo- and exotoxins)
ROS

« Peribilliary located lysosomes (autophagy, degradation of endocyted molecules)

 Metabolism and deposition of vitamins and trace elements

« Bile production:

Recycling of bile acids (90%), 10% de novo synthesis, conjugation of toxic bilirubin and
glukuronic acid to nontoxic complex bilirubin-glucuronid

<ER




Plasma

““Upper small intestine

~ circulation

Terminal ileum



« Enterohepatic circulation

— Resorption in terminal ileum
— Vena portae
- Sinusoids

Blood pole
&w}m”'

Hepatocytes (%]

)

Bile pole

— Bile capillaries
— Intra and extrahepatic ducts
— Duodenum

) Secreted bile salts
consist of 95% old, recycled
bile saits and 5% newly
synthesized bile salts.

B} Reabsorbed bile
salts are recycled by

enterohepatic
circulation.
Sphincter
of Oddi
Duodenum
Hepatic
prosie} from
vein @ 5% of bile salts pancreas
are lost in feces. d
e
'3
KEY

95% of bile salts

- ileum are reabsorbed by
circulation of \

bile salts

< = Enterohepatic
the small intestine.




INTRAHEPATIC AND EXTRAHEPATIC BILE
DUCTS

Bile capillaries (billiary canaliculli)

- intercellular space between hepatocytes
- 1-2um

- no true wall, formed by membranes of
hepatocytes - mucosa
- intercellular junctions

Ductus hepaticus, ductus cysticus,
ductus choledochus

Canals of Herring - fiboromuscular layer
- simple squamous epithelium

Interlobular bile ducts
- cholangiocytes
- cubic or low columnar epithelium + c.t.

Lobar bile ducts
- ductus hepaticus dexter et sinister
- high simple columnar epithelium



INTRAHEPATIC BILE DUCTS

Diagram of hepatic structure 3

biliary canaliculus

cholangiole

interlobular Nepatic
: rtal
bile duct P! hepatic
~ a

.. % e ' e ‘ -y
{ < . B e " : ;
,‘ J L - 3 - v . ”
cords of hepatocytes & : )
and sinusoids ' 45 .
: portal space



INTRAHEPATIC BILE DUCTS

Hepatic structure (close-up) “

tight junction

half canaliculus

7 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



INTRAHEPATIC BILE DUCTS
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A EM of a bile canaliculus in transverse section. The lumen shows short stubby microvill
(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



INTRAHEPATIC BILE DUCTS
TEM/SEM




CHOLANGIOCYTES HEPATOCYTES

Cannal of
Herring

Bile capillary

Interlobular
bile ducts

) Central vein
arteriole

. Cholangiocyte
Ci rsg:ﬁﬁs lar Hepatic stem cell Hepatoblast Mature Hepatocyte
i o
Ep-CAM+ Ep-CAM+ Ep-CAM-
kariee (1] wrie- (1] KRT19-

AFP-



EXTRAHEPATIC BILE DUCTS

d. hepaticus communis + d. cysticus — d. choledochus

papilla duodeni major
m. sphincter ampullae hepatoduodenalis (sphincter of Oddi)

Mucosa

- lateral folds

- simple columnar epithelium (cholangiocytes)
- mucinous glands in c.t., goblet cells :,

- *\
Fibromuscular layer Y 3
- dense network of collagen and elastic fibers F % .
. - v .

- leiomyocytes = Sy g Y

HL O aclds Glucosa v 5 “ . .

Glutathvons ‘;Q : ‘. .' . .‘_' g ...

 AQP. oaT A ' -

Bile modification
opithalum
il

Extracedular
fluid

Koeppee & Startor: Demve o Lovy Prysaiogy 9 Fdibon
Copyright @ 2008 iy Masiy, an iernd of Euovias, Dae, All ighis sasrvetd



GALL BLADDER (VESICA FELLEA)

- Wall 1-2mm
- Mucous coat
- Muscle layer

- Serosa/adventitia

$ " < Gallbladder
A muscle

S5 (schematic).
Mucous coat
- mucosal folds

- 20-50um simple columnar epithelium with microvilli
- intercellular junctions
- lamina propria mucosae - loose collagen c.t. with mucinous viucosal e

fold (& £ Epithelial
tuboalveolar glands \.{ : pocket
- lamina muscularis mucosae absent i

Lamina propria

Epithelium Muscle

Adventitia

Muscular layer (Muscularis propria)
- 3D network of smooth muscle cells,
- elastic fibers

Large layer of subserous c.t. (I. propria serosae)



Iumen

Bile concentration O S

- Bile secretion by liver— ca 0,8-1I daily ’“HU 1 U
- Gall bladder volume 15-60 ml

- Water resorption

’ Pressure \‘
'. l\
|

4 I
Basement maembrane ©

Capillary
Kosppen & Stanton: Beme and Levy Phavysiology, &h Cabon
Copyright £ 2008 by Mostyy, an dmpom of Bsevier, Inc. AD fQhes reserved

Approximate Values for Major Components of Liver and Gallbladder Bile

COMPONENT LIVER BILE GALLBLADDER BILE

Na* (mEg/L) 150 300 1

K* (mEg/L) 45 10
Ca*™* (mEq/L) 4 20 |

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

Bile salts (mEqg/L) 30 315 |
pH 7.4 6.5
Cholesterol (mg/100 mL) 110 600
Bilirubin (mg/100 mL) 100 1000




GALL BLADDER (VESICA FELLEA)

Lumen

et TR MUSCUlATS i
I“‘w . - “‘
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GALL BLADDER (VESICA FELLEA)




GALL BLADDER (VESICA FELLEA)




GALL BLADDER (VESICA FELLEA)




PANCREAS

Infesior vena cava

Aorta

Cefiac trunk
Compound, serous, tuboalveolar gland Gt
Exocrine and endocrine character N i
— pancreatic acinus firee: edge)
— Islets of Langerhans

Major duct (Wirsungi) opens to Vater papilla
as a common bile and pancreatic duct

Dense collagen c.t. capsule

Lingula
(uncinate process)

Septs — blood cells, innervation, and
interlobular ducts

[ /
A\
B
2 ,
v L Root of
Superior mesenleric vissels

mesentery

4 o AR —
Low-power section of pancreas Fancreatic islet: A, B. and D
1. Acind, 2, istet, 3. interlobular intercalated duct and cells. 1. Reticulom, 2, acind
septum, 4, interlobular duct rymogen granules




PANCREAS

Gall bladder

Opening of accessory pancreatic duct

Duodenal papilla

Accessory pancreatic duct



PANCREATIC ACINUS

Pyramidal epithelial cells
Pancreatic digestive enzymes
intercalated ducts

Serous acinar cells
— Polarized secretory cells
— Basophilic
— Apex — Golgi and zymogenic granules
—  Microvilli
— Intercellular junctions

Centroacinar cells

— Centrally located nucleus, squamous
character

— Continuous with intercalated ducts

S :_»\Qﬂ
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. Acinar ce




PANCREATIC ACINUS

Intralobular duct

Intercalated duct




PANCREATIC ACINUS
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PANCREATIC DUCTS

Centroacinar cells
Intercalated ducts

— simple squamous epithelium + basal membrane
Intralobular and interlobular ducts

— simple cubic — low columnar epithelium

Major pancreatic ducts
— D. pancreaticus major — Wirsungi and D. pancreaticus accessorius - Santorini
— bilayered columnar epithelium and dense collagen c.t.
— intramural mucinous tubular glands, goblet cells, EC cells

Intralobular duct 4 taroaates it
ercala uc

.- Zymogen_.

granules

Principal pancreatic duct
(Wirsung)

Accessory pancreatic duct
(Santorini)




EXOCRINE FUNCTION OF PANCREAS

ca 1000-2000 ml daily
alkalic pH (8.8), HCOj (intercalated duct epithelium)
mucin (epithelium of large ducts)

Hydrolases
— Trypsinogen
— Chymotrypsinogen
— Proelastases
— Carboxypeptidases
— Pancreatic lipase
— Amylases

Hormonal regulation (secretin, cholecystokinin) + parasympatikus



ENDOCRINE FUNCTION OF PANCREAS

bile

common
bile duct

[

duodenum \
&

plicae

circularg

¢
+

head of

.
7. ‘pancreas,.,
p Y 7/
duodenal _—
papilla

(papilla of Vater)

hepatopancreatic ampulla
Campulla of Vater)

terlobul
flow of digestive Z‘u:{: ]
enzymes to
duodenurn

1 pancreatic duct
(duct of Wirsung)

body of , tail of
pancreas

a‘t\/ pancreas

/

' O \ interlobular

duct

islet of Langerhans

&\

1
\

central duct

alpha cell
beta cell
delta cell

Glucagon

« Glycogen consumption in tissues and
muscles
- Increase of blood glucose

Insulin

- Increase of membrane
permeability for glucose

- Glucose oxidation in tissues

- Decrease of blood glucose

- Synthesis of glucan in muscles
and liver

Pancreatic polypeptide

- Autoregulation of pancreatic
secretion

Somatostatin

« Inhibition of GIT hormones



ISLETS OF LANGERHANS

Clusters of pale cells

cal,b x 106

Thin c.t. capsule

Cords of epithelial cells

Sinusoids

General characteristics of APUD cells
A, B, D, PP cells

A cells: 20%, glucagon
B cells: 60-70%, insulin

D cells: minor, somatostatin

PP cells: minor, pancreatic polypeptide
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EMBRYONIC DEVELOPMENT OF
LIVER AND PANCREAS



EMBRYONIC DEVELOPMENT OF LIVER

Differentiation of endoderm and formation primitive gut
Growth factors of mesoderm determine identity of individual parts

=

Whnt-antagonists
L | | |
foregut midgut hindgut
Hhex Pdx1 Cdx

WSTM ™ heat (@ gutepithelium (@ hepatoblast

e8.25 e8.75 €9.0 e9.5
Prox1
SFEE, Oc1/0c2
O\\ 2 N Hhex MMPs
g 2 Gatad/6 Pcemt
B &
%fu.\)y
- 2\ 2\
€ ) 3
FGF + BMP

-« endothelial cells

=== basal lamina

Interactions with mesoderm of septum transversum and vv. omphalomesentericae

NOUsWNM

9

Sinus venosus

Superior cardinal vein
Inferior cardinal vein

Left common cardinal vein
Right umbilical vein

Liver

Anastomosis between the left and
right omphalomesenteric vein
Right umbilical vein
(prehepatic)

Left umbilical vein

10 Right omphalomesenteric vain
11 Umbilical vein {unpaired)

12 Inferior vena cava

13 Ductus venosus

14 Portal vein

15 Splenic vein

Development of the
omphalomesenteric system




EMBRYONIC DEVELOPMENT OF LIVER

& Post-apecitcation

Diverticulum of embryonic duodenum - liver 11-13-some siage
diverticulum e B

Pars hepatica (parenchyma + ductus hepaticus)
and pars cystica (ductus cysticus + gall bladder)
form d. choledochus

Heomobasts

Frimdne endot sl
s

Rapidly proliferating cells penetrate septum Liver bud

transversum (mesodermal plate between Stomach

pericardial cavity and yolk sac) and growth into

ventral mesentery

liver cords — parenchyma Galbladder e
Ventral | pancreatic bud

pancreatic bud

Interactions between cells of liver cords and wv.
omphalomesentericae induce development liver
sinusoids Lo

Bipotential hepatoblast

C.t. , Kupffer and hematopoieticcells — from
mesoderm of septum transversum

Differentiation
r

Surface mesoderm differentiate into visceral Hepatocyte
peritoneum INFa
HNFs ,I V%

*10th week \;I adrc\:eesiton
- 10% of body volume Ty
- hematopoiesis ‘ A
» 12th week .

Sinusoidal endothalium

- bile production

Hepatic
duct

/
Ventral pancreas

- HGF

4 -
HNF6

Y

Y

Morphogenesis

Y
Bile duct

A

Y

Cilium

[

\Dorsal pancreas

\

Biliary cell

HNF1B | Jaggedt

f

Notch2

Hepatic antery branching

Current Opinion in Genetics & Development



EMBRYONIC DEVELOPMENT OF LIVER

perinatal
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/ endothelial cell © immature hepatocyte

I portal mesenchyme
© biliary epithelium @ mature hepatocyte

(® hepatoblast
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adult liver

fetal liver



EMBRYONIC DEVELOPMENT OF LIVER

In VIivO In vitro

; Target cell
Basioys =

" ‘_’. \ Growth and differentiation factors -
-mbryonic

stem cells Gastrulation (FGF, TGF, Wnt atd.)

v\ ol

Ectoderm Endoderm Mesoderm
Step 1:
l l l Oct4, Sox2, KIf4, c-Myc iPSC generation
Neural Liver Pancreas Hematopoietic

stem cells stem cells

Current Opinion in Genetics & Development g

iPSCs

—— | [ Teorafom |

D i
ep— / I \ [[EBsesny |

analysis
e

acabis PCR analysis for

transgene silincing
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REGENERATION OF LIVER TISSUE

- complex physiological response to damage of liver tissue

- induction of proliferation and growth of liver parenchyma
- hepatocyte proliferation
- activation of endogenous progenitor cells

- differentiation of exogenous multipotent cells @ )
oo 00 {;:;sx

® 00 ¢

Mesenchymal stem cells Hepatoblasts/Oval cells PCMO

! N

/S
@/
| |
|
1 Macrophages Liver cells (Hepatocytes) ESHPCs
¢ ' A
| T '... : T
— " 990 e s
e L5 ‘ v\"i’,: gty
—~ \ ;/ Hematopoietic stem cells Umbilical cord blood cells Embryonic stem cells



EMBRYONIC DEVELOPMENT OF PANCREAS

W\ Acini
P T\ =N _ Duct ’ ,
— TR Jd T ) —> \
Embryonic Definitive Posterior foregut Pancreatic Mature 5 8 Ilets f _
ICM cell endoderm (regionalized) endoderm pancreas tissue Langerhans 6th week of development
- two endodermal diverticula
ig il gevetopment of e pancreas
ST by y - - dorsal and ventral duodenal diverticulum
. : & (= pancreas dorsale et ventrale)
l et - , - after rotation of duodenal curve both
| [c: | diverticula fuse
= ' - ducts persist (ventral - major and dorsal -
o g s rori SO accessorius)
p o - first ductal system develops
¢ - - the secretory acini follow
: X [ 4
| S BT e
- e ocal Y - cells that are not part of ductal structures
\, o PO i W s differentiate into Islets of Langerhans

- since 4th month in utero - secretory
activity



EMBRYONIC DEVELOPMENT OF PANCREAS

Dorsal
mesoduodenum

Head of
pancreas
Parietal Pancreas and
§  peritoneum duodenum in

retroperitoneal
Duodenum positio




Human pancreas development 12-13 weeks

| Sy

Primitive

Pancreatic Islet of
endoderm Langerhans

Pluripotent Definitive Posterior
epiblast cells

@ @ “15%
_A413% “T% ™ nsylin-
cells Endocrine cell producing

(not insulin-positive) cell

In vitro differentiation ~15-18 days

Kate Ris

A —hESC — endoderm
B — primitive gut &5 islets of Langerhans
C — foregut '
D — pancreatic precursors

E — Insulin producing B-buriky




Summary of GIT I

General structure of a hollow organ. Microscopic anatomy of esophagus,
stomach, intestine, rectum, canalis analis. Regional modification of general
structure. Glands. Cell types and functions.

Microscopic anatomy of liver: endocrine and exocrine function of liver,
vascularization, liver lobulus and its definition, liver cells, ultrastructure and
function of hepatocytes, organization of intra- and extra-hepatic passages

Microscopic anatomy of pancreas: endocrine and exocrine function,
pancreatic acinus and its ducts, ultrastructure and function of acinar cells,
Islets of Langerhans and their structure, cell types of Islet of Langerhans
and their function

Embryonic development and morphogenesis of digestive tube, liver and
pancreas, primitive gut and its derivatives, esophagus, stomach, intestine.
Flexion of embryo and rotation, liver and pancreatic diverticulum,
differentiation of individual cell types.



Study materials

 Sadler: Langman’s Medical Embryology, 2000

» Ovalle&Nahirney: Netter’s Essential Histology, 2008

» Klika&Vacek: Histologie, 1974

* Ross&Pawlina: Histology (a text and atlas), 2011

» Ross&Romrell: Histology (a text and atlas), 1989

» Berman: Color Atlas of Basic Histology

- Ustav histologie & embryologie LF MU, www.med.muni.cz/histology

- LESSONS, LECTURES AND PRACTICALS

«Cech S, Horky D., Sedlackova M.: Pfehled embryologie ¢lovéka, Brno, LF MU, 2011
« Horky D., Cech S.: Mikroskopicka anatomie, Brno, LF MU, 2011

* Lullmann-Rauch R.: Histologie, Grada 2012
« Ehrmann J., Hllek P., et al. Hepatologie, Grada 2010

StemBook 5 .

http://www.stembook.org/




Thank you for attention

’ Petr Vanhara, PhD
Ustav histologie a embryologie LF MU

pvanhara@med.muni.cz
http://www.med.muni.cz/histology



