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 ¥ Anterior aspect.
human body [iapbragrm (peded up A

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 lgamsent

Round ligament (ligamentum teres) af liver

- Hepatocytes and other cell
types Callblagder

(funclus
- C.t. stroma
- Blood and lymphatic vessels
- Sinusoids - e
- Innervation Calbiacier urchis
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CAPSULA FIBROSA HEPATIS

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

— 70-100um

— Porta hepatis
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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 ligamem
Hepatic artary
Vena cava

FPortal vein

Hepatic lobule
Right lobe

A,

Fortal triad

Central vein

— Slnumﬁ

Bile duct

Portal vein

Paortal area /

Cenlral vein
Hepatic artery

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 ® @ PN
@ @

» Functional (physiological historical) unit
@
\"\

— lobulus venae interlobularis
(portal acinus)




Liver acinus

metabolic divergence dependent
on arterio-venous gradients

Zone | (periportal) Zone lll (perivenous)

beta-oxidation of fatty acids glycolysis

gluconeogenesis ketogenesis

synthesis of cholesterol synthesis of bile acids

production of bile
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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

Hepatocyle cords

'; B - Partal riad
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 i

Former concept of bile canaliculi now
known 1o be formed by membranes of
adjoining hepatocytes

Bile duct

Loose interstitial c.t.

Hepatacyte

Lumen of fenestrated
hepatic sinusoid

«SOHNAC Emlf.‘i,.m.:-

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



Ham: Textbook of Histology
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PORTAL TRIAD

branch of the
portal vein




CENTRAL VEIN




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

Snueaids .

Hepatic artery Portal vein

Portal vein  Hile duct Hepatic artery



Space of Disse

LOBULUS VENAE CENTRALIS
Hepatocytes and liver sinusoids

Connection of space of Disse 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 wm reticulum Glycogen
= = = SR
&P = S S

Space of Disse

Endothelium  Smooth Glycogen Golgi Zonula Bile
Rough endoplasmic apparatus occludens canaliculus

endoplasmic reticulum Mitochondria

reticulum LUMEN OF SINUSOID



KUPFFER CELLS

Liver macrophages
Mononuclear phagocyte system

Phagocytosis of particles, damaged
erythrocytes and pathogens



CELLS OF ITO

« Star-shape (stellate, perisinusoidal) cells
» Lipid droplets

»  Deposition of vitamin A

« fine reticular c.t.

* Antigen presenting cells (lipid antigens)

.- - - -

Endothelial cell R
<— Dendritic cell

Kupffer cell
Sinusoidal lumen

re—, _ﬂﬂ%m

Stellate cell J Space of Disse

hepatic
sinusoid -

hepatic

— stellate cell —

(to cell)
i I-I: :




HEPATOCYTES

Kupffer cell

Polygonal cells of liver parenchyma
20x30um
Irregular trabecules between sinusoids

Usually one central nucleus. Bi- and multi- Space of Dissé
nuclear cells common (20%)

Nucleoli
Lysosomes
Glycogen

Lumen of sinusoid

Endothelial cell

Microvilli

Mitochondria

Functional surfaces:

— Bile pole - secretory— membranes of
neighboring hepatocytes form bile capillary

RER

— Blood pole - absorptive - sinusoidal — Bile canaliculus
microvilli oriented to space of Dissé
— Membranes with intercellular junctions Lysosomes

SER
Nucleus

Bile canaliculus



BILIARY AND BLOOD POLE OF HEPATOCYTE
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ULTRASTRUCTURE OF HEPATOCYTES

Long mitochondria with flat or tubular cristae

Apparent RER, sER and Golgi

Glycogen, lipid droplets, lysosomes,
peroxisomes




Bile
capillary




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




AQK

Na*

ATPasa

Biotransformation
and conjugation

Bile acids __

e . e R : { _
Bilirubin i g s - _
Steroids : ' B
Drugs 4 “ABC Tlghtjunctlon . C)’{

‘transporter J i QP\)J

+ Cholestasis IgA



ENTEROHEPATIC CIRCULATION

T2 TR {"ﬁ-_. -

TAcetyl Co? ] 1

Liver il \ : Giy . : : IT
" Cholesterol biosynthesis Lipoprotein synthesis }ﬁ'

Cholesterol ~— @ _

LDL receptor

_§
Q DL
Plasma i

Bile acid &ﬂnﬂ'@is compariment

Enterchepatic
~ cireulation

Terminal ileum



ENTEROHEPATIC CIRCULATION @ secried e sas

— Resorption in terminal ileum
— Vena portae

- Sinusoids

Hepatocytes

Blood pole
}iiﬂ'.lqﬂﬁﬁ.ﬁ

o

g S

Bile poie

— Bile capillaries
— Intra and extrahepatic ducts
— Duodenum

consist of 85% old, recycled
bile salts and 5% newly
synthesized bile salts.

B} Reabsorbed bile
salts are recycled by

enterahepatic
ciroulation.
Gallbladder
Sphincter
of Oddi
Duodenum
Hepatic
portal
vein B 5% of bile salts
are lost in feces.
KEY

95% of bile salts
ileum are reabsorbed by

circulation of the small intestine,

e = Enterohepatic
bile salts




INTRAHEPATIC AND EXTRAHEPATIC BILE
DUCTS

INTRAHEPATIC

Bile capillaries (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
- high simple




INTRAHEPATIC BILE DUCTS

=
||

J Diagram of hepatic structurafl

biliary canaliculus

cholangiole

cords of hepatocytes
and sinusoids

portal space



INTRAHEPATIC BILE DUCTS

Hepatic structure (close-up) 1
\ : - -“ﬁ‘ &
.H- )

tight junction

4 f

-
— half canaliculus

A

L
-

canaliculus
Golgi apparatus

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 hepatocyles, Desmosomes (rectangle) and tight junctions (eircles) link cell
membranes, which seals the canaliculus and prevents bile leakage to surounding tissues. 47 000x



INTRAHEPATIC BILE DUCTS
TEM/SEM




CHOLANGIOCYTES HEPATOCYTES

Cannal of
Herring

Bile capillary

Interlobular
bile ducts

: - Central vein
arteriole @

g'- “j:
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Cholangiocyte

Hepatic stem cell Mature Hepatocyte
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Circulobular
venule



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 -
- dense network of collagen and elastic fibers £F < Y
- IeiomyocyteS Aming - Y -"" J:-. & 4
HzQ Ci HEOy Ci acids Gilucosa . <k - <
! / ! L ‘ i~ ™ -
Liimen of bl doat . \ ? Gilutattions o X e
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J o /\ camp ! :
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Bile modification ey LS et
B duet -
opithalum
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GALL BLADDER (VESICA FELLEA)

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

- Serosa/adventitia

miscle
{schematic),

Mucous coat

- mucosal folds
- 20-50um simple columnar epithelium with microvilli

- intercellular junctions Lamina propria

- lamina propria mucosae - loose collagen c.t. with mucinous ~ vucosal _,.:swy/ff"”"'-"'“”‘ Muscle
tuboal | land fold \é‘f ;= Epithelial

uboalveolar glands = :_: pocket |
- lamina muscularis mucosae absent e ,

Adventitia

Muscular layer (Muscularis propria)

- 3D network of smooth muscle cells,
- elastic fibers

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



BILE CONCENTRATION o T g |

C
I lumen
I
]
1
v
)

J h @ w l -
- Bile secretion by liver— ca 0,8-11 daily " AL H ‘..l LI NHER)
- Gall bladder volume 15-60 ml ',

- Water resorption .

l r
|
| Pressure |
. A I.
|

!
| |
' Basement mambrane @

Capillary

Epsppen & Santon: Beme g Ly Pvsioingy, Eth Tobon
Ceparight 1 TO0B by Mashry, an dmpom of Bsovie Inc. AB ights ressreed

Approximate Values for Major Components of Liver and Gallbladder Bile

COMPONENT LIVER BILE GALLBLADDER BILE

Na* (mEg/L) 150 300 1

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

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

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




GALL BLADDER (VESICA FELLEA)
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GALL BLADDER (VESICA FELLEA)




GALL BLADDER (VESICA FELLEA)




PANCREAS

Compound, serous, tuboalveolar gland

Exocrine and endocrine character
— pancreatic acinus
— Islets of Langerhans

Lesser omentum
(e pelpes

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

Dense collagen c.t. capsule

Septs — blood cells, innervation, and
interlobular ducts

Inlerior vena cava
Anirta

Celiac trumk

Portal verine
Coammaon bibe gt

_Adrenal g
¢

Limgula
LA imke prcess)

Kaigs) aal
IS e ey

‘a1 A 1 P
L _— A CUFE

q Pk o e

High magnification; acini,

intiercalates] duct and

Fymiaen granules

) S ol
Fancreatic wslet A, B, amd D
ells. 1, Reticilom, 2. acinl

1o Aciod, 2, ishet, 3. interkobular
seqitum, &, inberiobular duct



PANCREAS

Call bladder

TMuodenum

Opening of accessory pancreatic duct

Duodenal papilla
Main pancreatic duct

Accessory pancreatic duce



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




PANCREATIC ACINUS

Intralobular duct

ST e Centrostinar cells S
Ty = -_z g



PANCREATIC ACINUS




PANCREATIC ACINUS

. Centroacinar
. . cell




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
Intercalated duct

- Zymogen .
granules

Principal pancreatic duct
(Wirsung)

B2 TS Accessory pancreatic duct
el e (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

J' pancreatic duct
COMIMan Cduct of Wirsung)

bile duct

duadenurn \

1 e r
plicae -
circular:;{ o

head of

; PanCress.
duodenal .
papilla

Lpapilla of Vater)

hepatopancreatic ampulla
Carnpulla of Yater)

interlobular
flow of digestive ducts
enzyrmes to
duodenurn

biody of tail of
pancreas

= pancreas

| \ interlobular

duct

%alpha cell

\ beta cell

\ delta cell
central duct

islet of Langerhans

capillary network

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

ca 1,5 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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DEVELOPMENT OF GIT



It is not birth, marriage or death which is

the most important time in your life, but
Gastrulation.

— Lewis Wolpert, 1989




EMBRYONIC DEVELOPMENT 2™ TO 3RP WEEK

. Oropharyngeal
\, Membrane

Cut edge of amnion

— Prenotochordal cells

Primitive node

Primitive streak

A

Cloacal membrane

Amnioblasts

Yolk sac

Invaginating mesode rm cells

Trilaminar Embryo

- o,
. - .

Ectoderm



EMBRYONIC DEVELOPMENT 3RP TO 4™ WEEK

Ectoderm = 2 Ammctic cavity

Cloacal

Angiegenic cell clusier ek ane

22 days

Buccopharyngeal membrane

Cloacal membrans

25 days

Ruosts of i e Pty ': : Allantols



4™ AND 5™ WEEK OF EMBRYONIC DEVELOPMENT

— Pharyngeal
ca T p-ﬂuchpa
f_',f’* T Pharyngeal gut
- Tracheobronchis |I x“
e g f
! dwé"rllculum
[ -
bt 1 Esf.:n hagus ~Esophagus
Stomodeumr—— e ,-f"’ s P
““«-._d_/'r Emmach l

Liver———=<r) /) J"
] || Heart l:}uige m——
l.‘_aalll:l1adderlll5-j--—(" Pancreas

Vitelline du-::T —
."-"|.||£II"I1DIE' ;

/F‘nn‘rltwe . ek :

= intestinal - 'w
loop -l”-N :

_ Urinary hladder
- Cloacal

Hindgut

Cloaca \ % )
f,.f" membrane- ,
A \'\_/



DEVELOPMENT OF PRIMITIVE GUT

— cephalocaudal and lateral folding in 4t —
week e

El.icuu:!f.v!s.;l.r.lngaal
— primitive gut from buccopharyngeal o B
membrane to cloacal membrane Buccophungea Gisca

Resmnm

AS
buccopharyngeal i
M brEne A

vitelling duct (OIS

Yolk gac

Three regions of primitive gut > 1

° foreg ut Pharyngeal gut
* midgut
- hindgut . \— v

Vitelline duct )

Allantois - g - Primitive
Xl 4 intestinal
loop
Hindgut

Cloaca




DEVELOPMENT OF ESOPHAGUS

- region of foregut caudal of respiratory diverticulum

- tracheoesophageal septum

- rapid elongation: 7" 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)

Tracheo-
bronchial
diverticulum

Esophagus
Stomach

Pancreas

Primitive
intestinal
loop

Hindgut




Esophagotracheal
septum

Respiratory
diverticulum



ABNORMALITIES IN DEVELOPMENT OF ESOPHAGUS

A Proximal blind- &
% ending part of j
¥ esophagus

Fibrous cord
Communicalion

A of esophagus .\.,:
with trachea Ax¥

Esophagotracheal
\ fistula




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




DEVELOPMENT OF STOMACH

- 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.

8th

Pharyngeal gut

Tracheo-
bronchial
diverticulum

a;__ Esophagus
Stomodeum <~
Liver Stomach
Gallbladder Pancreas
Vitelline duct
Primitive
intestinal
loop

Hindgut



STOMACH ROTATION

Longitudinal
rotation axis

Lessar
curvalure—

o i~

-Stomach

Greatar
curvature

- 90°

/)

| = Stomach —

ventral lesser curvature — right - _
dorsal greater curvature — left D P Y
left side — ventrally

right side — dorsally

cranial part — left caudally

caudal part — right cranially -\ I:pl\ﬁ

Cardia

Lessar
curvalure

— definitive anatomical position of
left and right nervus vagus

Anteropasteriar

Graater

t e b
Greater curvature

i
Pylorus curvature



WEEK cca 4th

Vitelline ,..r
duet =TT i e Midaut
lanigis—=
Hirdgut
Cloacal o
mambrana

EMBRYO SIZE 3 mm

5 mm

Frim

imlEstnal
laag



DEVELOPMENT OF INTESTINE

- midgut — primary intestinal loop
- rotation during development
- physiological umbilical herniation

8th week

Pharyngeal gut

Tracheo-
bronchial
diverticulum

intestinal
loop

Hindgut




WEEK: late 8th

; Diaphragm
Liver Esophagus
Falciform // 28" \
lig. RN el Lesser
f? omentum

i

.
A5

-

e
e @’
G
= %ﬁoﬁs
S
o
.

f
i
SRR
e

Gallbladder

Stomach

il

Cecum i

P T T-Duodenum

T

Vitelline - kY e Descending
duct B Y QR colon
Allantois

o= ejuno-ileal
EMBRYO SIZE 35 mm ~_

Cloacal membrane Rectum



INTESTINAL ROTATION

9 weeks
gestation

a 6 wegks b 8 weeks
gestation

gestation

I First stage | | Second stage |
d 11 weeks e 12 weeks
gestation gestation

Third stage




INTESTINAL ROTATION AND ROTATION OF
MESENTERIES

Primitive Stomach bud Clockwise rotation of -180°
gut . the midgut loop rotated
o = |ower limb caourm bl =
Ventral : : =
mesentery =220 =
= T O ——

= s
T ) ‘!_nnﬂ““‘

: - i
' Upper * =
Cecum bud mesenteric =

Omphalomesenteric artery
duct

a) b)

mesenterry \\&1

Gastrophrenic
ligament

Lesser
oment

Gastrosplenic
ligament

Splenorenal
ligament

Greater
oment

Transverse
mesocolon

Ventral meso- Dorsal meso-
gastrium gastrium

L

3\ 1 1/

"‘i\lt'.ll.ji““;'

Rotating and Mesentery
discending -270° rotated _
¢) cecum d) cecum e) Pelvic

mesocolon




INTESTINAL ROTATION AND UMBILICAL HERNIA

ptt

« 8th week
* Normal reposition in 10th week

Abnormalities:

* Inomplete closure of umbilicus

* Including omentum majus and small intestine, skin and connective tissue
» Develops after birth, spontaneous reposition possible (X gastroschisis)



ABNORMAL INTESTINAL ROTATION

'3‘:'"3'“ f Hepatic \'
—— flexture_
Cecal / -
bud—-lr Ascending I i
colon \‘f o
,. -Jejuno-ileal \
(@__} loops
‘u’uleihne\\\;', _
duct 2Cum
Appendix
A B
Transverse
colon
Duodenum

Ascending colon

Jejuno-ileal
|
L—J—Transversa loops
colon
/ 3 Descenqu B\« +—Descending
colon

colon



ILEUM DEVELOPMENT AND ABNORMALITIES

Lumen of gut
IS solid Cavities Septum

Intestinal

cih

Duplication

BlEIE |

) o= Distended part (.
Solid state Recanalization of duodenum /& "~

septum
in lumen

G N Underdevelopment
N of duodenum
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VOLVULUS

Nermal
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 caecu) - abnormal position of
appendix

* caecum mobile



ANUS DEVELOPMENT AND ITS ABNORMALITIES
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ANUS DEVELOPMENT AND ITS ABNORMALITIES
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DIVERTICULUM MECKELI

» often phenomenon
(2'4%) Meckel's dwe_rticu!um Vitelline .::\_,rgt. Vitelline fistg!ﬂ

* clinicaly relevant
 vitelline cysts_  umbiicus ™ &
volvulus of diverticle ) PHE
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Vitelline ligament
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EMBRYONIC DEVELOPMENT OF LIVER

»  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

| pancreatic bud

pancreatic bud

Hepatic
duct

Cystic
duclt :
-Illﬂorsa! pancreas

B 5

1]
Ventral pancreas



» Differentiation of endoderm and formation of primitive gut

EMBRYONIC DEVELOPMENT OF LIVER

«  Growth factors of mesoderm determine identity of individual parts

7_
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foregut midgut hindgut
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(@ gut epithelium (8 hepatoblast
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=== basal lamina

* Interactions with mesoderm of septum transversum and vv. omphalomesentericae
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Sinus venosus

Superior cardinal vein
Inferior cardinal vein

Left common cardinal vein
Right umbilical vein

Liver

Anastomasis 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 Dwctus venosus

14 Portal vein

15 Splenic wein

Development of the
omphalomesenteric system

e9.5

Prox1
Qc1/0c2
MMPs

Pcomt

< gndothelial cells



EMBRYONIC DEVELOPMENT OF LIVER

el8 perinatal

I portal mesenchyme ,‘f endothelial cell (@ immature hepatocyte
(¥} hepatoblast © biliary epithelium @ mature hepatocyte

fetal liver adult liver



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 @& o ° 3 3
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EMBRYONIC DEVELOPMENT OF PANCREAS
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6th week of development
two endodermal diverticles

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

after rotation of duodenal loop both
diverticula fuse

ducts persist (ventral - major and
dorsal - accessorius)

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



EMBRYONIC DEVELOPMENT OF PANCREAS

Dorsal
mesoduodenum

Head of
pancreas

Pancreas and
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Summary of GIT Il

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.



Thank you for attention
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