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LIVER AND BILE
DUCTS



| LIVER (HEPAR)

 Liver parenchyma — biggest gland in
human body

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

« Uniform histology of all four major
anatomic lobules and segments:

- Hepatocytes and other cell
types

- C.t. stroma

- Blood and lymphatic vessels

- Sinusoids

- Innervation

- C.t. capsule
- Serosa

V Anterior aspect.

Diaphragm (pulled up) Coronary ligament

Falciform ligament

Round ligament (ligamentum teres) of liver

Gallbladder
(fundus)

V Visceral surface.

Gallbladder (fundus) .
- Porta hepatis

Falciform ligament
Fissure for ligamentum teres

. N 2 Hepatic portal vein
Round ligament (ligamentum teres) of liver PR

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



LIVER (HEP

CAPSULA FIBROSA HEPATIS

— Serous mesothelium
Dense collagen c.t. — collagen and elastic fibers

~ 70-100um

— Porta hepatis




LIVER (HEPAR

¥ Visceral surface.
Gallbladder (fundus) .
Porta hepatis
S i y Falciform ligament
CAPSULA FI B ROSA HEPATI : Fissure for ligamentum teres
Hepatic portal vein
Proper hepatic artery

Round ligament (ligamentum teres) of liver

Quadrate 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



LIVER VASCULARI

FUNCTION NUTRITITION
« capillary stream of stomach and intestine e 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



LIVER VASCULARI

Left lobe
Faiciform ligament
Hepatic artery
Vena cava

Portal vein

Hepatic lobule
Right lobe

A.

Portal triad

Central vein

— Sinusoids

Bile duct

Portal vein

Sublobular ven

Portal area /

Central vein
Hepatic artery

Bile duct

Portal vein

Portal triad

Hepatic artery

Gartner, Hiatt: Color Textbook of Histology (2001)
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Definitions:

» Histological —liver lobulus (lobulus venae centralis)

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

* Functional unit
— lobulus venae interlobularis
(portal acinus)



MICROSCOPIC SE

Liver lobulus

venous drainage

Portal acinus

bile drainage

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




LIVER LOBULUS




— 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

Hepatocyte cords

Portal triad 0
in portal
tract




Contact of 3-4 neighboring lobuli

» Interlobular artery (a. interlobularis)

» Interlobular vein (v. interlobularis)

* Interlobular bile duct (d. bilifer interlobularis)

« Lymphatic vessels Hepatic artery

« Innervation — nervus vagus S | g‘g'n )

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

<OFN A.ﬁRAE%_/Am

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



LIVER LOBULUS - C

Bile ducts

B

Interlobular
branches
of portal vein

Bile ducts

£> Liver cell glates

Central -
vein

Portal triad

g % Interlobular

connective tissue

",
oot

)
Fere o
£, v
?}?}}‘:Q { g

o
{ 4
»

A
&
PRI Bile ducts

S

Branches of hepatic artery

N
\
\ Branches of portal vein

Branches of pontal vein

Bile ducts

Branch
portal vein

Ham: Textbook of Histology

Sinusoids

Bile canaliculi

ile duct
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LIVER LOBULUS
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| LIVER PARENCHYMA

often anastomoses

Hepatocytes arranged to cords, width 1-2

cells

Sinusoids

9-15um
— Anastomosing network of flat endothelial

_~Bile ducts

Portal vein
D

Hepatic artery

/
Portal vein Bile duct Hepatic artery
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LIVER PARENC

Space of Disse

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

— Hepatocytes in direct contact with plasma
(microvilli)

— Cells of Ito




LIVER SINUSOID

Fenestrations are complex structures involved in selective transport
They deteriorate with age compromising sinusoid functions

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

dotheli \ S . . 5%
M .\DDDQDDDD%DDDD J2 D

space of Disse

7 oFor  wrmens ¥~basal lamin:
N
o | S ek +—" ollagen )

hepatocytes

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



LIVER PARENCHYMA —
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LUMEN OF SINUSOID

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

Space of Disse

Endothelium Smooth Glycogen Golgi Zonula Bile
Rough endoplasmic apparatus occludens canaliculus

endoplasmic reticulum Mitochondria
reticulum
LUMEN OF SINUSOID



PRy KUPEFER CELLS

« Liver macrophages
* Mononuclear phagocyte system

« Phagocytosis of particles, damaged
erythrocytes and pathogens
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CELLS OF ITO

« Star-shape (stellate, perisinusoidal) cells —_—
« Lipid droplets sinusoid -
» Deposition of vitamin A

* Fine reticular c.t.

« Antigen presenting cells (lipid antigens)

Hepat . —— stellate cell -
S > I I - I - (tocell)

<— Dendritic cell

Sinusoidal lumen

QQ&Q

:| Space of Disse b hepatic
‘ sinusoid




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:

— Bile pole — secretory — membranes of
neighboring hepatocytes form bile canaliculli

— Blood pole - absorptive - sinusoidal — Bile canaliculus
microvilli oriented to space of Disse

— Membranes with intercellular junctions Lysosomes

RER

SER

Nucleus

Bile canaliculus



BILIARY AND BLOOD POLES OF HEPATOCYTE

HEPATOCYTES




| HEPATOCYTES

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

» Glycogen, lipid droplets, lysosomes,
peroxisomes




| HEPATOCYTES — ULT

/ From plasma:

Glucose, aminoacids, bile acids

Space of
Dissé Cells of Ito

Erythrocyte —L\\/\/D

f @ Spatl:e of - \

Dissé

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



HEPATOCYTES —

 Synthesis and metabolism

— Proteosynthesis — ER + 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)




HEPATOCYTES — F

 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

NADPH + O,
Heme oxygenase
CO + Fe® + NADP*

—CH,

\)’\ /‘L/ Biliverdin)
—
RV )
H H H
Biliverdin NADPH
reductase NADP*
M V. M ||= |=" M MV
‘ ‘ | | Bilirubin
Y N NN S g
H H H H




AQK \

ATPasa
/E Biotransformation
L and conjugation
Bile acids '
Bilirubin 2
Steroids ‘\ ’)/
Drugs ABC Tight junction @

transporter J i o) —~

* Cholestasis IgA



ENTEROHEPATIC CIRCULATION

Acetyl CoA
Liver &
Cholesterolbiosynthesis Lipoprotein synthesis
) - A
Cholesterol @ ]
LDL receptor Plasma \
Bile acid biosynthesis compartment
Bile acids :
Enterohepatic s Upper small intestine

circulation Diet

Lymphatics 7

0 4 \ b 7
. >Sterols OO /\€

Chylomicrons

s "". j
Terminal ileum



consist of 95% old, recycled
bile salts and 5% newly

ENTEROHEPATIC CIRCULATION y s SHlipng

E) Reabsorbed bile

— Resorption in terminal ileum salts are recycled by
enterohepatic
— Vena portae circulation.
- Sinusoids
Blood pole

Hepatocytes O

Bilékp;oie

Sphincter
of Oddi
Duodenum
. . . Hepatic
- Bile canaliculli 52{3&1' o \ oo -
. 5% of bile salts )
- Intra and extrahepatic ducts are lost in feces. yy
— Duodenum Golons_ p / ’
KEY .

B 95% of bile salts
are reabsorbed by
the small intestine.

<—— = Enterohepatic
circulation of
bile salts




INTRAHEPATIC

Billiary canaliculli
- intercellular space between hepatocytes
- 1-2um
- no true wall, formed by membranes of hepatocytes EXTRAHEPATIC
- intercellular junctions _ _
Ductus hepaticus, ductus cysticus, ductus
Canals of Herring choledochus
- simple squamous epithelium
- mucosa
Interlobular bile ducts - fibromuscular layer
- cholangiocytes
- cubic or low columnar epithelium + c.t.

Lobar bile ducts
- ductus hepaticus dexter et sinister




Diagram of hepatic structure

biliary canaliculus

cholangiole

interlobular hEIE’tgFG
bile duct vein hepatic
4 Oy artery

cords of hepatocytes
and sinusoids

portal space



Hepatic structure (close-up)

tight junction

— half canaliculus

canaliculus ¢
Golgi apparatus = liver cell

y J

2
——

space of
Disse

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



INTRAHEPATI

i ;,.t‘__‘_\é‘r B
‘&; Hep?tpcyte

s i it P

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.
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CHOLANGIOCYTES HEPATOCYTES

Canals of Bile canaliculli
Hering

Interlobular bile

ducts .
Je o
-

Zludovy
kanalek

Central vein

. Cholangiocyte
Circulobular Hepatic stem cell Hepatoblast Mature Hepatocyte
venule
» . 0 O
- Ep-CAM:
karioe | [1] krro. (1] Ay

AFP-



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 L L e
L3 ' : : : *; 2 “\\
Fibromuscular layer 7 .;_ S
- dense network of collagen and elastic fibers P e
1 ~ 4 . = ” L . 3 *
- leiomyocytes f A R oo AR
H.0 C{ HCO, cfl- acids Glucose T~ 1 * - e % 2
H athione ' i ('-'\.&v' A S AR AR
/AQP Lumen of bile duct ; \/ g g . iy 7 % é y - -k ~7~-. t f‘.' -. w '-:~\.
\ / H ; GG . - - 5> -
]

Bile modification

Extracellular
fluid

2CI- HCO;

Koeppen & Stanton: Bemne and Le: vyPhys iology, sth Editi
Copyright © 2008 by Mo sby an imprint of Elsevier, Inc All ghts reserved



| GALL BLADDER (

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

- Serosa/adventitia

Mucosa

- mucosal folds

- 20-50um simple columnar epithelium with microvilli

- intercellular junctions

- lamina propria mucosae - loose collagen c.t. with mucinous
tuboalveolar glands

- lamina muscularis mucosae absent

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

Large layer of serous c.t. (l. propria serosae)

R. and L. hepatic ducts Cystic duct

R. and L. hepalic arteries i 5 §
Common hefpatic duct / Right hepatic duct
Cystic duct R \

Pfopor hepatic artery Neck of

Common bile duct gallbladder 21_
Common hepatic duct

Pancreatic duct

Papilla of Vater

muscle » 2N
(schematic). f ;
Blue: diagonal fibers

Red: longitudinal

fibers branching
off to deeper level

Lamina propria
Epithelium
Epithelial

Muscle

Adventitia




BILE CONCENTRATION

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

H,O

- Water resorption
K+

Pressure

' I
Basement membrane @

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

Y

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




GALL BLADDE

Lumen Surface epithelium

ucosal folds\
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PANCREAS



PANCREAS

Inferior vena cava

Aorta
Celiac trunk
Portal vein

Compound, serous, tuboalveolar gland Common bile duct

. . renal
Exocrine and endocrine character N

— pancreatic acinus (free edge)

— Islets of Langerhans

Stoma_gb‘

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

Lingula
(uncinate process)

Dense collagen c.t. capsule

Septs — blood cells, innervation, and - W) sl
Inter|ObU|al' duCtS Superlf)f mesenteric vessels  mesentery

: S E& e : 2 P
Low-power section of pancreas High magnification: acini, ancreatic islet:
1. Acini, 2. islet, 3. interlobular intercalated duct and
septum, 4. interlobular duct zymogen granules

z i
A, B, and D
cells. 1. Reticulum, 2. acini



| PANCREAS

“\"1\/_/(‘_"

CCommon hepatic duct

Gall bladder

Duodenum

Opening of accessory pancreatic duct

Duodenal papilla

Accessory pancreatic duct



* 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




PANCREAS - P

Intralobular duct /
'\ Intercalated duct
>
£
St - _=z= Centroacinar.celis ===
CC= - B (R S5

~ Zymogen &
granules
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| PANCREAS —

.. Centroacinar

Le




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

Intercalated duct

. =z= Centroacinar.cells =2 .
ER . < -
Zymogen .. _
granules

Common bile duct

Principal pancreatic duct
(Wirsung)

Accessory pancreatic duct
(Santorini)



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) + parasympaticus



PANCREAS — ENDO

bile

l pancreatic duct body of tail of
common (duct of Wirsung) pancreas pancreas

bile duct

4

X interlobular

duct

duodenurn \

plicae
circulares

< { A
“head of oY

\

duodenal
papilla
(papilla of Vater)

hepatopancreatic ampulla
Campulla of Vater)

terlobul
flow of digestive :;'u::so e
enzymes to
duodenum

beta cell
delta cell

islet of Langerhans

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



Clusters of pale cells

cal,5 x 106

Thin c.t. capsule

Cords of epithelial cells A cells: 20%, glucagon

N_O d“‘?ts B cells: 60-70%, insulin
Sinusoids

General characteristics of APUD cells D cells: minor, somatostatin

A, B, D, PP cells PP cells: minor, pancreatic polypeptide







BRIEF HISTORY O

DM (1)

« Cachexy
 Vision loss

* Limb loss

« Diabetic coma

* Renal failure

. Cardiac failure Frederick M. Allen

,starvation diet"
* Death 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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OF INSULIN
i ‘
Lim
=7
3 i

: IR . )
- amm & A, ‘- e

FG Bantlng C Besta
Pes 408
1922




2 H e,

Lo o= SRASER S S\

the firs

N

Lilly’
commercially avarlable in the United States

Hetin (Insulin,

PROGRESS THROUGH RESEARCH
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BRIEF HISTORY O

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

Leonard
Thompson

Dorothy Hodgkin 4

THE LANCET
=

LR ES

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.



| SALIVARY GLAN

e small (gll. labiales, buccales, retromolares, palatinae, gll.
lingualis anterior, gll. Ebneri, gll. Weberi)

e large (gl. parotis, gl. submandibularis, gl. sublingualis)

\
Parotid Submandibular Sublingual
gland gland gland



LARGE SALIVA

Tuboalveolar salivary galnds

Secretory units

e Serous acini

* Serous demilunes
* Mucous tubules

Ducts
* |ntercalated — striated — interlobular - main

demilunes
.‘Q;‘ .,..: - “‘“

Striated duc

M,K %“9., ‘,“.A

Parotid
gland

t

Submandibular
gland

'_ aiduct

\
Sublingual
gland

a2







GL. PAROTIS




SALIVARY GLANDS




| SALIVARY GLAN




GL. PAROTIS — STR
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DEVELOPMENT OF
GIT



I DEVELOPMENT

Maxillary process

' ‘\Meckel's cartilage

Pharyngeal cleft

Mandibular arch

Hyoid arch %

Cardiac bulge




I DEVELOPMENT OF

processus maxillares

stomodeum
processus mandibularis

2"d pharyngeal arch

nasal placode

stomodeum

2"d pharyngeal arch

28 days




I DEVELOPMENT O

Maxillary prominence . Mandibular prominen

Frontonasal prominence

Pharyngeal
arches:
1st

2nd

StomOdeum \

Heart prominence

A A1
24 days
Lens placode
Nasal placode
Stomodeum
B 2nd pharyngeal arch B1

28 days



4th week

Frontonasal
Developing process

brain
’

Lens _u

placode

Nasal
placodes

Stomodeum

Site of otic

placode "
Developing

heart




I DEVELOPMENT O

Nasal pit

Eye
Nasolacrimal groove

C1
31 days

Nasal pit

Median

Nasal prominences
Lateral } P

Nasolacrimal groove

33 days External acoustic meatus
(first pharyngeal groove)

Maxilla with
4 incisor teeth

Intermaxillary segment

Primary

palatal

A

* nasal pits surrrounded by paired prominences — medial and lateral nasal prominence
* areatriangularis (nose)
* intermaxilary segment (medial part of upper lip, part of upper jaw, primary palate)



frontonasal
£ prominence
medial

medial
nasal nasal

brominence




Frontonasal prominence

35 days

e maxillary prominences fuse with
intermaxillary segment

lateral nasal prominences

e sulcus nasolacrimalis

N







| DEVELOPMEN

e primary palate (intermaxillary segment)
« secondary palate (lateral palate shelves)

Medial nasal
processes

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

processes

Primary
palate Incisive

foramen —#-

- Nasal
septum

Fused
palate

Secondary
palatal
shelves

Nature Reviews | Genetics



DEVELOPMENT

Nasal chamber

Eye

Primary
palate

’0,/

Palatine shelf

Incisive
foramen

Oral cavity

B \ﬁwula



I DEVELOPMENT

Pharyngeal arches:

|. tuberculum linguale laterale (dx. wt sin.) (paired) and
tuberculum impar — apex and corpus

Il and IV. copula and eminentia hypobranchialis — radix




DEVELOPM

Vestibular lamina

e Dental lamina

« Labiogingival lamina

Mandible

Dental lamina
Dental papilla
Enamel organ
Labiogingival lamina
Meckel's cartilage
Oral epithelium
Tongue

©ONOOhWNE

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



DEVELOPMENT

« Nasal canals — primitive choans

« Nasal septum — from area triangularis — fusing with secondary palate

Y

—— frontal sinus

conchae

Mandibular bone
Maxillary bone
Nasal cavity
Nasal septum
Oral cavity
Palatine process
Tongue

©O~NOOhWDNE



Interactions of ectoderm and mesenchyme
e primary dental lamina — teeth primordia

Dental lamina

Upper lip

Tooth bud

Lower lip Dental lamina

@-\ First pharyngeal

. \ Developing
arch cartilage B

Mesenchyme mandible




DEVELOPMENT OF

* Inititation stage

« tooth bud (primordium)

» cap stage

» Dbell stage (enamel organ, ectoderm), dental pulp (mesenchyme)

/ Oral epithelium

-

G/ Tooth bud Dental lamina

Dental lamina Enamel organ

A B C

Mesenchyme Dental papilla



DEVELOPMENT O

» Dbell stage — enamel, differentiation of odontoblasts from cells of dental pulp
« enamel prisms and dentin matrix
« dental sac

Bud of
permanent tooth

Inner enamel epithelium

Outer enamel epithelium

Degenerating dental lamina

Enamel
reticulum

Dental pulp

Bone

F

Dental papilla

Dental sac Epithelial
root sheath



Enamel I
reticulum
Y
Ameloblasts ,:

e enamel organ (inner and outer ' T
ambelobalsts, stratum intermedium Enamel prisms AT
stellate reticulum - pulp) — prisms

e odontoblast differentiation - dentin Dentin
matrix, (processes of odontoblasts = ,

: Predentin
Tomes fibers) Sl
P 208
Dental pulp
Odontoblasts

Odontoblastic process



I DEVELOPMENT O

root development — tooth eruption
cervical loop — Hertwig epithelial root sheath

Oral epithelium
Ginglye | Anatomic
Odontoblastic layer crown
Dental pulp
— Periodontal ligament — Root
Artery

| Alveolar bone

\

H

Developing permanent tooth



DEVELOPMENT OF TOOTH



Soft tissue clefts

e upper lip (cheiloschisis) — lateral (uni, bi), medial

e |ower lip — medial, always combined (jaw, tongue) — gnathoschisis et
cheiloschisis inf.

e obligue cleft (fissura orbitofacialis)
e transferse cleft (fissura transversa)

35 days

(F) Oveolere ~ noor £




| ABNORMALITIE

Hard tissue clefts

® upperjaw

- between 2nd incisor and canine
- unilateral or bilateral

- always combined with palate cleft (cheilognathoschisis)
e palate (palatoschisis)

- primary (before foramen incisivum)

- secondary (behind foramen incisivum)

e combined: cheilognathopalatoschisis pamary  Incisve

foramen

Maxilla with
4 incisor teeth

Philtrum of lip

Primary
palate

_Primary
b
< palate

Fused
palatal
plates

D

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.



| ABNORMALITIES O

£

“ "”

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.)

http://www.youtube.com/watch?v=agmSH8 mLz0



http://www.youtube.com/watch?v=agmSH8_mLz0

»

chorionic

cavity

(]

Head

amniotic =~ |
membrane &

Body




Stage 14
32 day S,
35 somite

limb bud

,",‘_ 7 S o 9

%4

| 7 1 \" i .{q }
Lo soies




neural crest

Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

axial structures

paraxial mesoderm Placental

Circulation
™ Left umbilical vein

Umbilical artery

arteries Vitelline Circulation
Vitelline vein
Vitelline artery.

pharynx

pharyngeal arches

1 I mn v



IPHARYNGEALAP

Derivatives

* Face including soft tissues

* Mimic and mastication muscles

* Tongue

* Outer and middle ear

* Hyoid bone

» Laryngeal cartilages

* Thymus

» Parathyroid glands

* Fossa tonsillaris (— t. palatina)

« Large arteries (for details see the

lesson on cardiovascular systém

development)
cartilage

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.



| PHARYNGEAL

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



Q e
— 2 O (O] o —_
c3 5 < > IR % °S
ZE g «s = 253 52 2358
I § o)) © © EcV” [ g ST 8
2 o c . = g o 3 X = > O
= o > S G X c E » & =2 =

(& o o]

(0]

1. external : incus, maleus middle ear
: 1 _ V. mastica- : : :
acoustic . a. maxillaris . : lig. sphenomandib. | cavity, tuba

mandibular trigeminus tory : .
meatus Meckel cartilage auditiva
2 a. stapedia VII. _— stapeg fossa
. . . mimic proc. styloideus, .
hyoid a. hyoidea facialis : ) tonsillaris
hyoid cartilage.
a. carotis IX. m. ;?gtrﬂ ufSi q
24 3 interna glosso- stylopha- hyoid cartilage P bo di)(/as
disappear pharyngeus ryngeus (inf.)
a. subclavia dx. X. svaly : parath_yr0|d
4 faryngu a | laryngeal cartilages bodies
a. arcus aortae vagus
laryngu (sup.)




EARLY EVENTS —

Oropharyngeal
_membrane

Cut edge of amnion

Prenotochordal cells

Primitive node

Primitive streak

A

Cloacal membrane

Primitive streak 5 '
— Trilaminar Embryo

ISR e\ Y S
Amnioblasts 7

.

Yolk sac

Invaginating mesode rm cells




EARLY EVENTS

Ectoderm - — = Amniotic cavity

Cloacal
membrane

Buccopharyngeal membrane

22 days Cloacal membrane

25 days

Heart tube

Tracheobronchial diverticulum Liver bud

Midgut
Rests of

buccopharyngeal
membrané

Allantois

Amniotic cavity Vitelline duct”



=ARLY EVENTS — FROM A

Pharyngeal
—._pouches

\ B -.———\Esoph iiia | Esophagus

Stomodeum Oa )__,—LStomach

Liver— / ’
/
E A Heart bulge
Gallbladder o .6 Pancreas

’v-) S
Vitelline duct—-—"

AIIantons"’fl

Primitive ~—
intestinal o
loop |

Urinary bladde
| Cloacal P\QQ
\// Hindgut membrane-]

Cloaca



Hindgut

Endoderm
Amniotic cavity

Connecting
stalk

— cephalocaudal and lateral folding in 4t
We e k Angiogenic

cell cluster

Buccopharyngeal f s 7
— primitive gut from buccopharyngeal e T ai,
membrane to cloacal membrane Bucoopharyngea Gioca

of the
buccopharyngeal b
membrane y - 4o Allantois
Vitelline duct h (2

c D Yolk sac \

Three regions of primitive gut

« foregut Pharyngeal gut
. Trgche%-_ :
o mldg ut &?cgrtilgulum

—

Esophagus

* hi ndg ut Stomodeum

Stomach

Pancreas

~& _Primitive
7 intestinal
loop

Hindgut




* region of foregut caudal of respiratory diverticulum

» esophagotracheal septum

 rapid elongation: 7t week - final relative length

 rapid proliferation of endoderm (epithelium and glands) that obliterates lumen —
recanalization about 8" week

« connective tissue and muscle tissue — mesenchyme of caudal pharyngeal arches and
splanchnic mesenchyme

* innervation by branches of n. vagus (caudal pharyngeal arches)

Pharyngeal gut

Tracheo-
bronchial
diverticulum

Esophagus

Stomach

Pancreas
Vitelline duct

Allantois Primitive
intestinal
loop

Hindgut

Cloaca




DEVELOPMENT O

Esophagotracheal
septum
Pharynx
Trachea
Respiratory
diverticulum
Lung buds

sophagus




EVELOPMENT OF £SO

ABNORMALITIES

Proximal blind- &=
ending part of §
esophagus

Fibrous cord

Communication
\ of esophagus
2 with trachea

Bifurcation—& Esophagotracheal X
fistula

¥~ Distal part of
~* esophagus

Bronchi



DEVELOPMENT O

GROSS: GASTROINTESTINAL: Esophagus: Tracheoesophageal Fistula: Gross posterior view of chest contents showing blind sac of esophagus
above and continuation of esophagus from carina inferiorly good example

Autor
Peter Anderson




» fusiform dilatation of the foregut

« different growth rates in various regions — greater and lesser curvature
» rotation 90°C clockwise around longitudinal and anteroposterior axis

« definitive location and shape - 2" month i.u.

Pharyngeal gut

Tracheo-
bronchial
diverticulum

Esophagus

Stomach

Pancreas
Vitelline duct

Allantois Primitive
intestinal
loop

Hindgut

Cloaca




Longitudinal
rotation axis

. 90° ,
\ Lesser

curvature—_J

ventral lesser curvature — right
dorsal greater curvature — left
left side — ventrally

right side — dorsally

cranial part — left caudally
caudal part — right cranially

Greater
curvature

Duodenum
C

Stomach

Ventral
mesogastrium

— definitive anatomical position of
left and right nervus vagus

Cardia

\ Esophagus

Lesser
curvature

Greater

Greater B curvature

Pylorus curvature



DEVELOPMENT

* midgut — primary intestinal loop
«  rotation during development
*  physiological umbilical herniation

8th week

1

Pharyngeal gut

Tracheo-
bronchial
diverticulum

Esophagus
ver Stomach

dder Pancreas

Primitive
intestinal
loop

Hindgut




| DEVELOPMENT O

Diaphragm

Liver Esophagus

WEEK: late 8th

Falciform
lig.

L T
.- omentum

Gallbladder Stomach
1
Cecum_/" i e Duodenum
l
Vitelline Descending
duct colon

Allantois

Jejuno-ileal
loops

EMBRYO SIZE 35 mm

Cloacal membrane Rectum



9 weeks
gestation

a 6 wegks b 8 weeks
gestation

gestation

First stage Second stage |

d 11 weeks
gestation

e 12 weeks
gestation

Third stage




| INTESTINAL ROT.

Primitive Stomach bud Clockwise rotation of 180°
gut : the midgut loop rotated
/? . e lower limb cecum bud \ A :
Ventral V/2.% = e
entra Z5 . e
t e’ %% : e a—
mesentery 222 s
= ; =
= : 2025,
= e —
e (T
=y
]
N Tw= = ) B
Dorsal R
mesenterry : Cecum bud mesenteric
Omphalomesenteric artery
duct
a) b)

Gastrophrenic

ligament
Ventral meso- Dorsal meso-
gastrium gastrium éemS:r?tr
== : Gastrosplenic
== ligament
%%% Splenorenal
AR ligament
i
AW\ [ g Greater
W\ fg-=< oment
2 ' Transverse
2 mesocolon
. - M t
Rotating and esentery
discending -270° rotated _
c) cecum d) cecum e) Pelvic

mesocolon




| INTESTINAL ROTA

e St mrr T o e

-~ .- -
S

= * = Primary
b7 . ;
intestinal
loop

Aorta
Stomach

Superior
- R A mesenteric
) oy ' artery
AN - 5 N
o P S s qv}-‘
Y . ~
Y. v

. - \n\ "‘: ’_l‘-._; ',:’ /Ll ¢ ).»'
LS o & . 3 ,.;/,Q?:'_”,‘%f

4.
2 Al
) »

perior :

« (6-) 8" week
« Normal reposition in 10t week

Abnormalities:

« Hernia may develop postantaly, evisceration or spontaneous reposition possible (X
gastroschisis)

* Inomplete closure of umbilicus, may include omentum majus and small intestine, skin and
connective tissue



| INTESTINAL ROTA

ABNORMALITIES

Stomach
Duodenum Transverse
Transverse — eolisr
; Hepatic X7~
flexture
Cecal
bud Ascending
colon |4
| #-Descending

colon

~Jejuno-ileal
loops

Vitelline c
duct ecum
Appendix .
A B Sigmoid
Transverse
__colon
Duodenum

Ascending colon

s ’f
i ' ¥ i g
Jejuno-ileal. % 5 i +Jejuno-ileal
loops (=Y S é Transverse loops
q /& colon
g wﬁ 7
i —+Descending B Descelndmg
colon

),« colon




o
@)
—l
LL|
=
Ll
&
=
)
Ll
=

Lumen of gut

Cavities

IS SO

Intestinal

Distended part

of duodenum

Underdevelopment

of duodenum

Recanalization Duplication

Solid state

Stenosis



ILEUM DEVELOP

Normal

VO LVU L U S intestine

« malrotation of midgut and left colon (obstruction of a. mesenterica sup. and
duodenum)

« reversed rotation (obstruction of colon)

« abnormal ahesion of caecum to liver (subhepatic caecum) - abnormal position of
appendix

« caecum mobile



DIVERTICULUM

» often phenomenon (2-4%)

 clinically relevant

« vitelline cysts, volvulus of
diverticle

Vitelline fistula




« cloaka
- cloacal membrane - endoderm of cloaca and ectoderm of proctodeum

rectum
« septum urorectalis divides cloaca to dorsal anorectal canal and ventral

sinus urogenitalis ===l (pper part of

\ urinary bladder canalis analis

urethra feminina
upper part of urethra masculina
vestibulum vaginae
part of prostate, other glands

* septum urorectale dividies cloacal membrane to membrana analis and membrana urogenitalis
* perineum

« 8th week in utero — anal membrane perforated

A i
———zadni sttevo  zfaseni _—7

\ I } Q‘-\zadm’ stfevo stény kloaky

urorektalni septum

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

uroven fezu B,

2 mm




alantois  Zloutkovy vak kaudalni strevo  kloakalni membrana

alantois
mezenchym
stfedni stfevo \‘\ / \ Y
{

3 urorektalni septum
\ ,../ S — p
\ gy _
zadni stfevo

b
——zadni stfevo  zfaseni _—7

\—J) & 4 B stény kloaky
\ \ urorektalni septum N |

3 uroven fezu B,
A B B

falus

proktodeum

urogenitalni
( —/“/ sinus
— /——— urorektalni septum
| P
: > zfaseni lateralni
e e

stény kloaky

urorektalni septum 5 | rektum

uroven fezu D,

urorektalni septum

- J T urogenitalni membrana urogenitalni sinus
- > vyvijejici se
= mocovy méchyf N—— /

= ’ 4 HiTas
3 =i urorektalni septum

- proktodeum % .

=3 \)enneUm

s rektum

rektum

. " uroven fezu F
analni kanal

analni membrana

« canalis analis
2/3 from hind gut
1/3 from proctodeum

linea pectinata — original
position of the anal
membrane

anocutaneous line —
epithelium change from from
non-keratinized stratified
squamous epithelium to
keratinized



ANUS DEVELOPM

Cloacal
membrane Allantois

Urinary bladder

Urogenital
membrane

Prim. urogenital sinus

Urorectal
septum

Cloaca Hindgut Anorectal canal

Peritoneal cavity

\
Urinary \
g bladder{_\ =
Urinary |-
bladder-- Uterus
Symphysis
Symphysis »
Rectum
Urethra N | . . /
Vagina \ Anal mermbrans BSCrotum Rectoperineal

Anal pit Rectum

fistula



ANUS DEVELOPM

Urorectal
fistula
N

Urinary
bladder

[ Rectum

symphysisi
\ —— L Rectovaginal
Urethra fistula
Urethra

| Scrotum Anal pit

B



» M. sphincter cloacae is divided by urorectal septum to:

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

m. ischiocavernosus

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



Primitive gut

vascularization: truncus coeliacus

S derivatives: pharynx (also pharyngeal arches contribute), esophagus, stomach,
O proximal duodenum, liver, bile ducts and gall bladder, pankreas, trachea, bronchi
) and lungs
LL
developmental events: stomach and duodenal rotation, obliteration and
recanalization of esophageal and duodenal lumen
vascularization: a. mesenterica superior
5
@) derivatives: distal duodenum, jejunum, ileum, colon ascendens, 1/3-2/3 of colon
=) transversum
=
developmental events: intestinal rotation, physiological umbilical hernitation
and reposition. Diverticulum Meckeli
vascularization: a. mesenterica inferior
e
g, derivatives: 1/3-2/3 of colon transversum, rectum, part of analis canalis, part of
© urinary bladder, part of urethra, in males part of prostate and bulbourethral
-% glands, in females vaginal vestibulum, Skenes gll, Bartholin’s gll.

developmental events: septation of cloaca by septum urorectale, development
of perineum, rectum, anus and sinus urogenitalis and its derivatives




DEVELOPMENT OF LIVER,
PANCREAS AND LARGE
SALIVARY GLANDS



Slnce 4th Week Tracheobronchial diverticulum Liver. bud

« oropharyngeal membrane (stomodeoum-foregut)

« cloacal membrane (hind gut-proctodeum) M:mb
FOI’egut 28 days

« primitive pharynx (— and its derivatives) D

« lower respiratory passages (— laryngotracheal div.)
 liver and bile passages (— hepatic div.)
* pancreas (— pancreatic div.)

mesegastrivm

celiac
artery

« o0esophagus and stomach
« proximal duodenum

Midgut

 distal duodenum, ileum, jejunum

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

Hindgut

« colon transversum (1/3-1/2), colon descendens, colon sigmoideum

* rectum, anal canal

« part of urinary system (derivatives of sinus urogenitalis)

mesenteric
artery
Mesentery

inferior
mesenteric



PEVELOPMENT OF Dl

Trachen «--

F e == Trachea
Eaophagus .-—

Stomach ___

o -~ Pancreas -3k - Stomach

Bile-duct ---

V-shaped loop of
small inlesling ===

Fitelline duct ---- .
Cloaca ====--==-



EMBRYONIC DEVEL

Diverticulum of embryonic duodenum - liver
diverticulum

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

Rapidly proliferating cells penetrate septum
transversum (mesodermal plate between
pericardial cavity and yolk sac) and growth into
ventral mesentery

liver cords — parenchyma

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

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

Surface mesoderm differentiate into visceral
peritoneum

*10th week

- 10% of body volume
- hematopoiesis

» 12th week

- bile production

a Post-specification
11-13-somite stage

R
Septum transversum _
mesenchyme cells

Primitive endothelial |
cells

Stomach

; Dorsal
| pancreatic bud

Ventral
pancreatic bud

b Liver-bud stage
18-25-somite stage

Hepatic
duct B
Cystic
duct

\ Dorsal pancreas

Ventral pancreas



EMBRYONIC D

perinatal

I portal mesenchyme I endothelial cell © immature hepatocyte
(® hepatoblast © biliary epithelium @ mature hepatocyte

A

NI A

R )
5 '
Ry v

Jid
sl 2 B ﬁ)'::. '{:" -
A. (% Tk

> A
) e ..- )

5 P
AR R

B Sare faegl ~

o ay (44 > 5
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T e T
S A A.ﬁ b
PrE e L4

fetal liver adult liver



EMBRYONIC DEVEL

z {.{A?fjr;/’;‘;-;,\ S
" 4

Emb}yénic Definitive Posterior foregut
ICM cell endoderm (regionalized)

Islets of
pancreas tissue Langerhans

Pancreatic Mature

endoderm

Embryonic origin and development of the pancreas

J'(,'omnmnbi\odm( e S
Gallbladder ———=agla®® & 2%

Hepatico % “'K ‘
pancreatic duct 4
Ventral pancreas . :

I lepalic
diverticulm

Yolk s(\n/l.- ;

{cutaway)

g

Hindgul —F

1. Bud formation

N
gi%

Dorsal
pancreas

Ventral pancreas

3. Rolation completed but fusion
has not yet taken place
s A
ALSR R (e

Formation of acini and islets

from ducts. A-acini; I-islels in
various stages of development

/ Foregul

/ Dorsal pancreas
o Common g /4

Stomach

il

o
P Portal
¢ A/d i
hepatic~ vein
§ 3
{illt t % ‘| —
e Vo s
Gallbladder: ), /% Superior
- ) gl mesenteric
Common & e % & 3
on bile duct e < e
£ 19 13 ]
Ventral / A Dorsal
pancreas pancreas
2. Beginning rotation of
. common duct and of ventral pancreas
Y
Accessory
panc H‘«‘Ifl.(’ duct °
(Santorini’s)
Pancreatic duct
{Wirsung’s)
4. Fusion of venlral and dorsal
pancreas and union of ducts
°
°

Relationshiy
and centroacinar cells to acini

intercalated duct

I-5th week of development: two endodermal

diverticles
— dorsal and ventral duodenal diverticle (=
pancreas dorsale et ventrale)

after rotation of duodenal loop both diverticula
fuse

development of ducts:

— ventral duct fuses with dorsal duct and
divides it to proximal and distal part

— proximal part of dorsal duct obliterates

— ventral duct and distal part of dorsal duct
form ductus pancreaticus major

— if the proximal part of dorsal part persists,
it will formsductus pancreatis accesorius

ductal system develops first, secretory acini
follow

cells that are not part of ductal structures
differentiate into Islets of Langerhans

since 4th month in utero - secretory activity



HISTOGENESIS OF

Endoderm of distal foregut

Trunk

Bipotent

Growing pancreatic bud

Specification of tissue domains
Microluminization
Legenda

Foregut endoderm

Multipotent progenitors (MPP)

Bipotent precursors of ducts and endocrine cells

Precurzors of acinar cells E
Ductal cells

Centroacinar cells

Acinar cells

precursors

Stem cells

Acinar cells

Luminization and branching of ducts
Forming of exocrine and endocrine compartment

Pdx1  Nkx6.1 Nkx6.1 Pdx1 Sox9  Proxi
Ptfla  Nkx6.2 Nkx6.2 Hnf6 Hnflf Gatat
Sox9 Hnf15 Sox9  Hesl Hnfé He.sl
Gatad HnflZ Glis3 Paxé Glis3

BN Bl (o7 [e | [o7] EI[e ][e]

Suggested pancreatic stem cells | Foregut endoderm |

s, L ][] ——

Shh*

| Duodenal endoderm |

Nkx6.1 Ngn3
Pdx1 Ins1/2
Arx Paxt
Px1 Pax4 Rfx3
Ptfia NeurodD  Glis3
Sox9
Nkx6.1 ? Tip | cmyc Endocrine
. s0x9 precursors
| Centroacinar cells | Nr5a2
Nkx6.1
| Pancreatic stem cells |
Ptfla
Mist1

Nrba2

Centroacinar
cells

Definitive morphogenesis

Mature Islet of
Langerhans

Paxt Arx FoxA2 Pou3f4 MafB

Pdx1 Nkx6.1 NeuroD Pax6
Pax4 Isl1 Rfx3 Gli3 Mnx1

Pdx1 Hhex Is/1 Pax4

Arx Isl1 Rfx3



ANATOMIC LOCALIZ

» Pancreas is secondary retroperitoneal

Dorsal
mesoduodenum

Head of
pancreas
Parietal Pancreas and
§  peritoneum duodenum in

retroperitoneal
Duodenum positio




Gl. parotis

Gl. submandibularis

Gl. sublingualis

develops first (6" week)

ectodermal buds from corners of stomodeum
proliferation and branching of solid cords
luminization and development of acini (10" week)
vazivo - mesenchym

end of 6" week

endodermal buds from floor of stomodeum
proliferation and branching of solid cords
together with tongue development
luminization and development of acini (12t
week)

connective tissue— mesenchym

growths even post natally

8th week

multiple endodermal buds in paralingual groove
proliferation and branching of solid cords
luminization and development of glandular parenchyma
connective tissue — mesenchym

10-12 independent ducts
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Parotid anlage : 34

Sublingual anlagen
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Prebud Pseudoglandular Canalicular

FGFS/FGFR2-1llc Eda/Edar
> — 3
FGF10/FGFR2-111b Shhv/Pte

TGF-wWEGF/EGFR

Terminal Bud BMP7, Pax6

Also involved in budding are:
E-cadherin, and tenascin,

fibronectin, collagens I, 111, and IV,
HGAGs, CDGAGs, MNMPs, and TIMPs.

EGF FGF7 FGF10  PDGF

‘ \ ; \ ¢ Mesenchyme

N .
EGF-R  FGF-R PDGF-R 'Pithelium

R

ERK-1/2 P13-K  PLCyl

v
Bud Cell Bud/duct
formation survival  elongation
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Mucous acinus

L o Seromucinous acinus

Lumen of acinus

Excrery duct

Intercalated duct

Basement membrane

Mucous acini

Serous acini

Further reading: Hy potonic saliva

The Embryology of the Salivary
Glands: An Update

P.M. Som and I. Miletich

Neurographics 2015 July/August; 5(4):167-177; www.neurographics.org
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A i Thank you for attention
@ . “ ’ f-';'»;_f . pvanhara@med.muni.cz

( \ \, http://www.med.muni.cz/histology/education/

AW N

CHRS
Kemp

With the chest cavity open and the heart fully exposed,
Dr. Robbyn suddenly regretted cutting class to go pub crawling
that crisp fall day four years ago.
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