Zlazy s vnitinim
vymesovanim



Endokrinni system

jeden ze dvou regulaénich systému (ES+ANS)
fylogeneticky starsi nez nervovy systém

reguluje ¢innost ostatnich systému tak, aby
mohly reagovat na menici se pozadavky vnejsinho
| vnitrniho prostredi (udrzuje homeostazu)

nepochazi z anatomicky podobnych struktur
sekrece do krve — nema zadné vyvody

temer vsechny organy a tkane lidskeho tela tvori
hormony



Hormon

» fecky hormé (6pur) = pobizet, rozb&hnout
* chemicky posel tvoreny zlazou s vnitrnim
vymesovanim a prenaseny krvi k cilovym
organum
— proteiny (polypeptid) — inzulin
— biogenni aminy — adrenalin
— steroidy — estrogeny



Klinické souvislosti

 hormonalni prebytek
— nadprodukce primarni zlazy

— sekundarni k nadmerné produkci stimulujici
latky (hormonu)

 hormonalni nedostatek
— primarni selhani zlazy
— sekundarni k nedostatku stimulace latkou
(hormonem)

— rezistence cilového organu




Historie

Thomas Wharton

« 1614-1673

« Adenographia

e prvni podrobny popis zlaz

Ernest Henry Starling
» 1866-1927

» vytvoril obecna schema
,vnitrnino vymesovani®

» pouzil jiz vytvorené slovo ,hormony”




Hormonalni signalizace
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Pusobeni hormonu na cilovou strukturu
(organ, bunku)

endokrinni sekrece

parakrinni sekrece

Axon terminal

Synaptic vesicle

/
' Synapsin |

Spectrin-like
protein

{ Synaptic cleft

‘ synapticka sekrece

R

Postsynaptic cell




Zlazy s vnitinim vymésovanim
Usporadani
« Zlazy
* roztrousene (diseminovane) bunky

* neuroendokrinni bunky



Zlazy s vnit

rnim vymesovanim

Prehled zlaz

podrboli (hypothalamus)
podvesek (hypophysis; gl. pituitaria)

stitna zlaza (glanc
pristitna teliska (g
nadledviny (gll. su

ula thyroidea)
|. parathyroideae)
prarenales)

slinivkove (Langer
pancreaticae)

nansovy) ostruvky (insulae

siSinka (gl. pinealis; corpus pineale; ,epiphysis®)






Podhrboli — Hypothalamus

* bazalni cast mezimozku (diencephalon),
bazalne od lll. komory

 funkce
— sbérné centrum informaci z téla i okoli
— nejvyssi autonomni ustredi
— soucast limbickeho systému
— ridi ostatni zlazy s vnitrnim vymesovanim
« corpora mammillaria, tuber cinereum,
iInfundibulum, hypophysis










periventricular zone 3rd ventricle

lateral inputs
hypothalamic
area
< Soutputs
supraoptic
nucleus

paraventncular
opllc tract nucleus
postenor
antenor pituttary
piuitary




Hypothalamus

» predni hypothalamus

— ncl. paraventricularis + supraopticus —
oxytocin a vazopresin (ADH)

+ stredni hypothalamus (tuber cinereum)

—ncl. arcuatus a okoli — fizeni adenohypofyzy

* uvolnovaci (releasing) = liberiny
— hormony SRH, PRH, GnRH, TRH, CRH

« tlumivé (inhibiting)= statiny
— hormony somatostatin, PIH (= dopamin)

» zadni hypothalamus (corpora mammillaria)
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ncl. paraventricularis
ncl..supraopticus



Hypothalamus

» predni hypothalamus

—ncl. paraventricularis + supraopticus —
oxytocin a vazopresin (ADH)

 stredni hypothalamus (tuber cinereum)

—ncl. arcuatus a okoli — rizeni adenohypofyzy

* uvolnovaci (releasing) = liberiny
— hormony SRH, PRH, GnRH, TRH, CRH

o tlumivé (inhibiting)= statiny
— hormony somatostatin, PIH (= dopamin)

» zadni hypothalamus (corpora mammillaria)



ncl. arcuatus




Hypothalamus
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Podvesek — Hypophysis; Glandula pituitaria
Historie

* Galén — (lat. pituita, fec. phlegma = hlen) —
tvorba hlenu pro nosni sliznici

 Schneider — 1655 odmitl Galénovu teorii

* Minkowski, Hutchinson — souvislost poruch
rustu a hypertrofie podvésku

» Cushing — vysvetlil funkci podvesku

,dirigent endokrinni soustavy, ministersky
predseda”



Podvések — anatomie

,2dvojita zlaza"
— dvé rozdilné tkane
* tvori ji dva laloky
— predni = adenohypofyza
— zadni = neurohypofyza
« ulozena v sella turcica ossis sphenoidalis
— transsfenoidalni operacni pristup
 kryta tvrdou plenou — diaphragma sellae

— foramen diaphragmatis Pacchioni — obsahuje
podveskovou stopku (infundibulum)
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Tekiner, Halil. (2015). A cultural history of the Turkish saddle.
Journal of Turkish Studies. 10. 319-319.
10.7827/TurkishStudies.8071.



Podvések — anatomie

« predni lalok
(adenohypophysis; lobus
anterior)

— pars tuberalis

— pars distalis
(principalis)

— pars intermedia

« zadni lalok
(neurohypohysis; lobus
posterior)

— lobus nervosus (pars
nervosa)

— Infundibulum




0,5 g (t&hotenstvi 1,5 g) @ /
10 x 12 x 6 mm e =
predni lalok
(adenohypophysis; lobus anterior)

— pars distalis (principalis) — nejvetsi cast (75 %)
— pars intermedia — mezi obema laloky

— pars tuberalis — nahore u infindibula

zadni lalok (neurohypohysis; lobus posterior)

— lobus nervosus (pars nervosa) — vlastni zadni
lalok

— Infundibulum — spojeni s hypotalamem







Podvesek — cevni zasobeni

* a. hypophysialis inferior (z C4 = pars
cavernosa ACI) pro zadni lalok

* hypofyzalni portalni systém

a. hypophysialis superior (z C7 = pars
communicans ACI) skrz hypothalamus -
primarni vlasecnicova sit = vv. hypophysiales
portales to adenohypophysis = sekundarm
vlasecnicova sit = | l—

* V. hypophysiales do
SINUS cavernosus




Supraoptic nucleus

Paraventricular
nucleus

Optic chiasma

Pituitary stalk |
JPituita rtal
Pars tuberalis| sys’temry =
o Anterior pituitary
Posterior pituitary
Vestigium of

Pars intermedia RathkeOs pouch



Capillaries of the
median eminence
and infundibulum

Internal carotid a.

Superior hypophyseal a.

Hypophyseal portal veins

Hypophyseal veins

Hypophyseal veins

Inferior hypophyseal a.

Capillaries of the hypophyseal portal
system in the pars distalis



HYPOTALAMUS

NCL. SUPRAOPTICUS

NCL. VENTROMEDIALIS NCL. PARAVENTRICULARIS

NCL. DORSOMEDIALIS
NCL. INFUNDIBULARIS

f
RH (IH) f ADH (vazopresin)
! OXYTOCIN
CHIASMA
OPTICUM f CORPU
7 m P
!

f

A. HYPOPHYSIALIS SUPERIOR

AXONALNI TRANSPORT
V NEUROSEKRECNICH
BUNKACH

UVOLNENI RH(IH)
DO KRVE

PORTALNI SYSTEM A. HYPOPHYSIALIS INFERIOR

UVOLNOVANI
ADH, OXYTOCINU
RH - stimulujici hormony (z hypotalamu)
|H - inhibujici hormony (z hypotalamu)
ADH - antidiureticky hormon NEUROHYPOFYZA

STH - somatotropni hormon
LTH - luteotropni hormon
PRL - prolaktin :
FSH - folikuly stimulujici hormon ADEMORYPOFRZA
LH - luteinizaéni hormon

TSH - thyreotropni hormon

ACTH - adrenokortikotropni hormon

MSH - melanocyty stimulujici hormon

ADH (VAZOPRESIN)
OXYTOCIN




Podvesek — vyvoj

* Rathkeho vychlipka — ektoderm
— 3. tyden: ve strope ustni dutiny (stomodeum)
— vychlipka smerem k mezimozku
— oddeleni vychlipky, proliferace predni steny
— vytvori predni lalok
 vychlipka baze mezimozku — neuroektoderm
— vytvori zadni lalok
— diferenciace v pituicyty (glie)



Podvesek — vyvo

Optic chiasm Median eminence
IRV

Pars tuberalis

Infundibular stam

Pars tuberalis

(anterior lobe) Pars intermedia

Pars nervosa

{posterior lobe)

Developing

sphenoid bone
Colloid-conta
vesicles

F
Pharyngeal roof

Intracranial, intraosseus, and pharyngeal
accessory anterior lobe tissue



Metencephalon Myelencephalon
Rathke's pouch

Mesencephalon
Infundibulum

)

Diencephalon

Rathke's
pouch

Notochord E Regressing
/ stalk of
H Rathke's pouch

Infundibulum

Telencephalon

Hypothalamus

Anterior

| ibulum
nfundibulu £y

Infundibular
stalk

Intermediate

Anterior lobe lobe

Intermediate lobe

Neural lobe

Former site

of stalk of \ Roof of

Rathke's pouch pharynx

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

Residual lumen



Podvesek — vyvoj

Infundibular process

Oral ectoderm
Rathke's pouch
Stomoderm

F

1. Start of development of Rathke’s pouch
and infundibular process

@ Cornplasiad” sagimant intsgralzs tha neurdd 5. Faeg tiberaes wraps G1ons e
process, forming pars distzlis, pars intermedia.

and pars woeais

Infundibular process

Rathke's pouch

2. Growth of the mesoderm is limited by the
neck of Rathke's pouch

3. Rathke’s pouch "compressed”

Median eminence

Pars tuberalis
Infundibulum

__————nPars nervosa
Pars intermedia

{ﬁ-s—\

Pars distalis
iFars Jandvauis)

6. tlature fiaim
infundibular shal
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Pars distalis adenohypophysis

» provazce a shluky (chordae et racemi
endocrinocytorum)

* mezi provazci fenestrovane viasecnice

* 4 typy bunek v HE barveni:
— acidofilni (40 %)
— bazofilni (10 %)
* PAS-pozitivni
— chromofoébni (50 %)
« zadna granula, nediferencované bunky

— folikulostelarni
» sitovité usporadani, reguluji aktivitu ostatnich bunek



Pars distalis — acidofilni bunky

* o — cells (endocrinocytus somatotropicus)
— hruba granula, GER
— okolo jadra zona bez granul (GA)
— rustovy hormon (somatotropin, GH)

« ¢ — cells (endocrinocytus prolactinicus)
— obvykle malé, nepocetné
— zvySeni poctu v téhotenstvi a pfi kojeni
— drobna granula (zvetseni v tehotenstvi)
— prolaktin (PRL)




Pars distalis — bazofilni bunky

» B, —cells (endocrinocytus corticotropicus)
_velka granula pri bunecné membrane
— ACTH, B-MSH, Met-enkefalin, endorfin
» B,—cells (endocrinocytus thyrotropicus)
_ velké buriky, mala granula u BM
— TSH
« 0 — cells (endocrinocytus gonadotropicus)

— velké bunky, strednée velka granula
— FSH, LH (lutropin)




Pars distalis
adenohypophysis

A = acidofilni bunky
B = bazofilni bunky
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Pars distalis
adenohypophysis
A = acidofilni buriky

B = bazofilni bunky
C = chromofdbni burika

modifikovany azan
barveni PAS + oranz G + hematoxylin



Pars distalis
adenohypophysis

e 1munoperoxidazova
reakce na LH

e 1munoperoxidazova



gonadotropni bunka
folikulostelarni bunka
vybézky

folikulostelarnich
bunék




. L 3

3 4 L :.Q.’gg,g i
C = kortikotropni burika
G = gonadotropni buriky
S = somatotropni bunky ‘%",
T = tyreotropni bunka ;"“s'”.
F = fenestrace (pory) ve .
sténé vlasecnice X

4 .
.



Pars tuberalis adenohypophysis

 obklopuje infundibulum
» cetné vlasecnice
* vetsina je 6-bunek
—trosku je B,-bunek | ey geay 9w




rudimentarni AR
buriky tvofi tramce .
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chromofobni +
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Zadni lalok = Neurohypophysis

* eminentia mediana
— dno lll. mozkové komory
— cetna nemyelinizovana nervova vlakna

 stopka (Infundibulum)
— tractus hypothalamohypophysialis

— neurofibra neurosecretoria (+ vesicula
neurosecretoria) = nemyelinizovana nervova
viakna

* néktera konci u vlasecnic
 lobus nervosus (pars nervosa)




Paraventricular nucleus Supraoptic nucleus
(primarily oxytocin) O (primarily antidiuretic

, hormone)
Hypothalamic area
Optic chiasma
Mamillary body P

| | Median eminence <—— i Hypothalamo-
{Infundibulum , :
§  Infundibular process i neurohypophysial tract

Pars nervosa (neural lobe)
"""""" | otttz ":I',’:'
Neurohypophysis O e "’M Anterior hypophysis

Inferior hypophysial artery



Lobus nervosus neurohypophysis

* nervova vlakna
— axony neuronu hypotalamu

— corpuscula neurosecretoria (Herringova
teliska) — nahromadeni granul

— oxytocin + ADH (adiuretin, antidiureticky
hormon, vazopresin)

* pituicyty
— gliove bunky
* vlasecnice
— synapsis neurohaemalis



The cell process of a
pituicyte retracts to enable
passage of hormonss to
the pericapillary space
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Herring

Neurosecretory
Herring granules

body

Trapsport along
microtubules

1.Action 3
potential -

2.Membane
depolarization:
influx of Na*

7. Restoration of
membane potential by
Na-K'pump

3.Ca-channels

open- 6.Ca-extrusion

Ca‘lﬂt

/ s, Recovery of

4.Exocytosis of membrane

oxytocin

Capillary



VysSetreni a nemoci

CT
hladiny hormonu

nadory podvesku — obvykle benigni,
hormonaktivni

Sheehanuv syndrom — poporodni krvaceni
do podvesku



Stitna Zlaza: Stitnice

Glandula thyroidea



Stitna Zlaza — historie

Galen — zvlhcCuje vnitrek hitanu
Paracelsus — struma + kretenismus
Wharton (1614-1673) — zkrasluje zensky krk
Simon (1844) — zlaza s vnitrnim
vymesovanim

Murray (1891) — podani extraktu ze SZ

Baumann (1895) — SZ obsahuje slou&eniny
jodu




Stitna Zlaza — anatomie

nachazi se na urovni C6-C7
tvar pismene H

lobus dexter et sinister
Isthmus glandulae thyroideae

—na 2.-4. prudusnicove chrupavce . .

— vyska isthmu asi 1,5 cm
lobus pyramidalis (40 %)
— deélka laloku 5-8 cm

30-40 g (20-60 g)






Stitna Zlaza — anatomie

 thyroxin T, trijodothyronin T,
« kalcitonin

» capsula fibrosa — 2 vrstvy — stroma
— septa (mezi lobuli)

* parenchyma SOSm ~
_IOOI - R A koloid
lobuli =
folliculi (50—900 um)




Stitna Zlaza — krevni cévy

a. thyroidea superior («— a. carotis externa)

a. thyroidea inferior (< truncus thyrocervicalis)
— Krizeni s n. laryngeus recurrens

a. thyroidea ima Neubaueri («— arcus aortae)
— 2%

vv. thyroideae superiores

vv. thyroideae mediae Lichacevae-Kocheri (50 %)
— VV. jugularis interna

vv. thyroideae inferiores — plexus thyroideus
Impar — V. brachiocephalica sinistra
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Y

v.thyroidea superior V. jugularis interna
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a. thyroidea inferior
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Stitna Zlaza — vyvoj

vyvoj od 24. dne
vychlipka endodermu primitivniho hltanu

relativni i absolutni sestup — ductus thyroglossus
foramen caecum =

gll. thyroideae accessoriae
vznik laloku

lobus pyramidalis

ligamentum suspensorium gl. thyroideae /
musculus levator glandulae thyroideae (hladky)




yramidal lobe
f thyroid gland




Extemal auditory

Palatine tonsil
in wall of

h uch 2
pharyngeal po Line:of
descent

of thyroid

Parathyroid IV

Postbranchial

body
Parathyroid Il|

Thymus il

Supratonsillar fossa
and palatine tonsil
{pouch 2)

Postbranchial body
(pouch 4 or 5)

Thymus (pouch 3)

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



Stitna Zlaza — histogeneze

* solidni endodermalni struktura

 prorustani okolniho mezenchymu a cev

* vrustani ultimofaryngealnich
(ultimobranchialnich) telisek

* 10. tyden: rozdeleni bunek do skupin

 jednoduchy epitel kolem prusvitu

* 11. tyden: zacCina tvorba koloidu



Stitna Zlaza — stavba

pouzdro (capsula fibrosa)
stroma

septa (prepazky mezi lalucky)
lobus — lobulus — folliculus
folikuly (50-900 um)

— kulovité
— jednovrstevny epitel folikularnich bunek
— obsahuje colloidum (koloid) — tyroglobulin

folikularni bunky (thyrocytus T)
parafolikularni bunky (thyrocytus C)



Folikularni bunky (Thyrocytus T)

 kulovité jadro
* hojné gER (bazalneé) a mitochondrie
* cetne lyzozomy

* tyroglobulin, vystepeni T, a T,



74 o wgyr r vy oz M‘ :; PSGUdOpOd
Syntéza hormont §titné Zlazy | MSsw N | wcrosius
lodothyroglobulin L=
1. jodidova pumpa pomoci ATP precCerpava Colloxd dropiat _'ﬁ
jod z krve do koloidu
, : .y Endocytosis—V Ln_n\J
2. a 3. syntéza tyroglobulinu a peroxidazy, :
ulozeni v jednom sekrecnim vacku a jejich & aﬁ 3
uvolnéeni do koloidu exocytézou 1 | Proteolysis of :‘5?"’ Colloid droplet=
4. jodizace tyroglobulinu pomoci Fotvrogobulin @Rl  Ivsosome iusgl
peroxidazy v kolodiu a vznik X
jodtyroglobulinu

endocytdza jodtyroglobulinu
9. splynuti primarniho lyzozému s timto

vackem

proteolyza jodtyroglobulinu na T3, T4 a =T

dalsi fragmenty | = i
v 7 v \?T '/

uvolne'nl T3 a T4 do obehEJ o & " A

6. navazani na transportni plazmaticky ———,—.-\gr_—.-;;-f— == =

protein .




Parafolikularni bunky (Thyrocytus C)

* C-bunky

 derivaty neuralni listy z ultimofaryngovéeho
teliska

* lezi mezi folikuly (jednotlive, skupinky)

 vetsi, svetlejsi

* hojne gER | GA, MIT

« granula: kulovita, temna

 tvorba a stradani kalcitoninu



Kalcitonin

snizuje hladinu vapniku v krvi (Ca?*)
antagonista parathormonu

inhibuje absorpci Ca?* ve stfevech
inhibuje aktivitu osteoklastu v kostech

inhibuje reabsorpci Ca?* v ledvinovych
tubulech




Follicles of thyroid
gland
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Stitna Zlaza — vysetieni

* ultrazvuk
* scintigrafie s radioaktivnim jodem 131

Po wysazeéni Cordaronu

Normahi obraz §ﬁtnice_, 99mTcO4

Thyrerd static




Stitna Zlaza — nemoci

* méne nez 10 ug jodu denne -
struma z nedostatku jodu
* hypotyroidizmus
— kretenizmus (déti) — screening
novorozencu
— myxedem (dospéeli)
— autoimunitni — Hashimotova struma
* hypertyroidizmus (tyreotoxikoza)

— autoimunitni — exoftalmicka struma =
Gravesova-Basedowova choroba




ristitna teliska
Glandulae parathyroideae

o

Common

carotid artery

Recurrent

Inferior

laryngeal nerve

thyroid artery



Pristitna teliska — historie
« 1880 —I. V. Sandstrom — prvni popis

Alfred Kohn (1867-1959)

* nezavisly organ

« nezavisly na funkci stitné zlazy (1895)
* nezavisly vyvoj (1898)

jeho odstranéni vede K tetanu

také zavedl| a definoval pojmy "chromafinni
tkan" a "paraganglia” a urcil jejich spojeni
se sympatickym systémem a jejich
endokrinni funkci




The Nomination Database for the Nobel Prize
in Physiology or Medicine — 1930, 1932

Name:

Alfred Kohn

Profession/Cate
gory:

Prof. histology

University: Prague

City: Prague - CZ

Motivation: Work on the parathyroid gland
and chromaphine tissue.

Nominator: E. Starkenstein

Profession/Cate
gory:

Prof. pharmacology

University: Prague - CZ
Evaluation: Yes

Evaluators :

Name: GOsta Haggqvist - yes
Name: Hans Gertz - yes




Transport Cw — Cislo 68  9.3. 1943 Praha — Terezin
osvobozen v Terezine — kvéten 1945
zamestnam jako histolog na prosekture
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glandula parathyroidea superior et 9, /.
inferior

2 pary malych kulovitych struktur na
zadni strané laloku Stitné Zlazy

3 x4 mm, 25-40 mg

horni — nad kfizenim ATl a NLR

dolni — pod krizenim, obvykle ventralné
od NLR

vétve z a. thyroidea inferior
variabilita: 1-12 zlaz

— 80-85 % — 4 Zlazy

— 10 % — 2-3 Zlazy

- 5% -57Zlaz

- 0,2% -6 zlaz
stranova symetrie:

— horni 80 %
— dolni 70 %

/ \\‘
( % |
~ j
W
J R\
o
/

\dolni pristitna téliska

Jicen




glandula
thyroidea

glandula y
parathyroidea gt

a. thyroidea inferior n. laryngeus recurrens

Thanks to kindness of doc. Ondrej Narika



Thanks to kindness of doc. Ondrej Narika




Variabilita umisteni pristitnych telisek
e uvnitr
parenchymu
stitne zlazy
* uvnitr pouzdra
stitne zlazy
* MIMO
— za hltanem
— za jicnem
— uvnitr krcniho
vybézku brzliku
— v mezihrudi




Pristitna teliska — vyvoj

 dorzalni casti lll. a IV. zaberni vychlipky

5. tyden: proliferace endodermu, ztrata
prusvitu
* vrustani cév z mezenchymu

* hlavni bunky: fetalni metabolizmus vapniku
 oxyfilni bunky: vznik az v asi 7. roce zivota



Pristitna teliska — vyvoj




Pristitna teliska — stavba

ovliviiuji metabolizmus kosti s,
parathormon (PTH) X 7 R
capsula + septa VY - |
parenchyma se déli do provazcu

hlavni bunky (parathyrocytus endocrinus)
— pomerne velkeé bunky (4-8 um)

— svetla cytoplazma, granula obsahujici PTH
oxyfilni bunky (parathyrocytus oxyphilicus)
— zridkave, vetsi

— cytoplazma tmavsi, bez granul, hodne MIT

— funkce nejasna







Pristitna teliska
— stavba

A = hlavni bunky
oxyfilni bunky




oxyfilni buiky hlavni bunky




Parathormon (PTH)

zvySuje hladinu vapniku v krvi (Ca%*)
antagonista kalcitoninu

zvySuje absorpci Ca?* ve stfevech
stimuluje aktivitu osteoklastu v kostech

zvySuje reabsorpci Ca?* ledvinovymi
tubuly



Pristitna téliska
nemocil

* hyperparatyroidizmus .
— primarni (adenom) s o
 patologické kalcifikace tkani (z hyperkalcemie)

« Recklinghausenova kostni osteodystrofie
(zlomeniny)

* nefrolitiaza
— sekundarni (reaktivni hyperplazie PT pri
hypokalcémii u chorob ledvin)
— terciarni (pokud pretrva po uspesne
transplantaci ledvin)



Pristitna téliska — nemocil

* hypoparatyroidizmus
— tetanie
— latrogenni po odstraneni PT pri nadoru
* transplantace teliska podkozne na predlokti

 vySetreni — nuklearni medicina




Nadledviny
(Glandula suprarenalis)

* na urovni obratiu T11-12
* vaha 6-12 ¢




Nadleviny (Glandula suprarenalis)

,dvojita zlaza"“ — dvé ruzné tkané — kura
a dren
 kura (cortex)
2% —mineralokortikoidy — aldosteron

— glukokortikoidy — kortizol,
= kortikosteron

—androgeny —
1 DEAS=dihydroepiandrosteron
« dren (medulla) /
katecholaminy — adrenalin,
noradrenalin

~
v ™
Q)

i f
| | HE#Y > Zona glomerulos

1 1,
1
o /
AL Zona fasciculata
: ff——— Zona reticularis
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F. H. Netter: Anatomicky atlas ¢lovéka. Grada/Avicenum, Praha, 2003



Nadledviny — anatomie

retroperitonealne
vyse T11-T12 |
facies anterior + posterior + renalis
margo superior + medialis

hilum
— na facies anterior
— vystup v. suprarenalis

capsula (vlastni)

spolecné corpus adiposum
perirenale + fascia renalis s
ledvinou




265. GLANDULA SUPRARENALIS — tvar a cévni zdsobeni

(schéma)
A. TVAR PRAVE A LEVE NADLEDVINY

B. REZ NADLEDVINOU, kiira a dfed
| / capsula fibrosa

2,3, 4/ cortex, kira nadledviny

2 / zona glomerulosa

3 / zona lasciculata

4 / zona reticularis

5 / medulla, dfeit nadledviny

6 / capsula fibrosa ledviny

7 / ledvina




Nadledvina — vyvoj

* kura
— z coelomoveého epitelu po stranach mezenteria
— proliferace, vcestovavani smerem k aorté

— sekundarni proliferace kury = vznik definitivni
kury

-

« dre
— ze zakladu ganglion coeliacum
— sympatikoblasty
— veestuji do zakladu kury




Nadledvina —
VYVO]

Fetal cortex . Medulla

. Zona fasciculata . Zona glomerulosa

Adrenal gland

Dorsal
| mesogastrium

y Omental
bursa

Stomach

Lesser omentum

Falciform lig.

l Primordium of
permanent cortex

. Zona reticularis







Nadledw
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 kura nadledviny — 3 vrs
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— zona glomerulosa corti¢
— zona fasciculata (65 %)%
— zona reticularis (7 %)
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Nadledvina — dren

anastomozujici tramce polyedrickych bunek
velke bunky (endocrinocytus medullaris)

— velke jadro

— gER, MIT, GA, granula

—adrenalin, noradrenalin, chromograniny, ATP
— dopamin-B-hydroxylaza, Leu- a Met- enkefalin
mezi tramci — vlasecnicova sit

ojedinele — parasympatické gangliove bunky
(neuron multipolare anatomicum)






Nadledvina
dren

fixace glutaraldehyd +
dvojchroman

A = bunky tvorici adrenalin
B = bunky tvorici
noradrenalin




Nadledviny — krevni cévy

* a. suprarenalis superior («— a. phrenica
Inferior)

* a. suprarenalis media (<« aorty abdominalis)
* a. suprarenalis inferior («— a. renalis)

— subkapsularni pleten, kapilary a sinusoidy
skrz kuru —
WY s

e 7Zi r O . v R
zily ze drené do v. centrall \\\\\\\‘\ﬂ"‘! N
— V. suprarenalis — o g
v. renalis sinistra / v. cava "‘\‘.i

Inferior vpravo

N




C

C. CEVY NADLEDVINY (pravé strany)
| / a. phrenica inferior (dextra)
2 / a. suprarenalis superior (dextra)
3 / a. suprarenalis media (dextra)
4 / a. suprarenalis inferior (dextra)
S / a. renalis (dexm)
6 / aorta abdominalis

Obr. 307. SCHEMA PRUTOKU KRVE NADLEDVINOU (srov. text)

1

L) o

privodné tepenné vétve z nadledvinovych tepen

povrchova a subkapsularni pleten

sinusoidy a kapilary jdouci kirou podle bunéénych tramei do
drené

Zilni odtok z diené nadledviny



Nadledvin)

arteriae Suprarernic

subkapsularni ple ="

’ G
pouzdrove, korove
ve dreni tepenna ig .

A
\

plexus venosus I \\ 1)

\ '\

centralis — ve drerr
vena suprarenalisM

Capsule Short cortical Subcapsular

artery

L) =

Iy °

fv ( /: | <
- /fL

Central vein of medulla

Long cortical artery



e Factors acting
on the gland §;

N Hormones

Angiotensin and &

corticotropin (ACTH) \ <a Mineralocorticoids

capsular artery

=l (aldosterone) rtical
| coriica
capsule arteriole
1 Zona
#3:] Glucocorticoids glomerulosa
& (cortisol and
| corticosterone)
Adrenal < Corticotropin |
cortex - adrenocortical
pndrogens zona sinusoid
™\ (dihydroepiandrosterone; faSC|CUIata
,": androstenedione) adrenomedu”ary

collecting vein

s,

Glucocorticoids
medullary

zona .
arteriole

Corticotropin reticularis

medullary
capillary

Androgens

e B B medulla

— adrenomedullary

Epinephrine E
PP vein

Adrenal L g
medulla < Preganglionic fibers

Norepinephrine

Gongaloes









Stresova reakce
(fight or flight or fright)

aktivace sympatiku (kura a dren
ndledvin)

« vliv na hladke svalstvo cev —
vazodilatace kosternich svalu, |
vazokonstrikce v kuZzi W

+ metabolicky uginek glykogenu 4;4&
- glykogenolyza v jatrech e

« aktivace sympatiku - aktivace
prislusnych organu

negativni vliv stresu na psychiku — stres dnes neni
doprovazen fyzickou odezvou



Nadledviny — choroby

« dren: feochromocytom — zachvatovita
hypertenze
 kura: hyperfunkce

— Cushinguv syndrom (endogenni
hyperkortikalizmus) — periferni porucha

— Cushingova choroba (adenom hypofyzy) —
centralni porucha

— Connuv syndrom = hyperaldosteronizmus
ol

 kura: hypofunkce =

— Addisonova choroba |
= hypokortikalizmus




Priznaky Cushingova
syndromu

— vysoky krevni tlak

— brisni obezita

— tenké ruce a nohy

— zarudlé pajizevky (strie)

— kulaty Cerveny obliCej

— tukova boule mezi
rameny

— slabé svaly a kosti

— akné

— kfehka kuze

— zeny mohou mit vice

ochlupeni a
nepravidelnou menstruaci




Slinivkové (Langerhansovy) ostruvky
Insulae pancreaticae

» endokrinni cast slinivky
¢ 0,1-0,2 mm velké
* pocet 1-1,5 milionu
* ruzne typy bunek: A, B, D, PP (G)
* hormony:
— inzulin
— glukagon
— somatostatin
— pankreaticky polypeptid



Slinivkové (Langerhansovy) ostruvky
Insulae pancreaticae
historie

Areteus of Kappadocia — diabetes = protékat
Avicenna — sladka mocC — diabetes mellitus
Langerhans (1869) — objevil ostruvky ve slinivce

Minkowski and Mering (1889) — experimentauni Paul Langertans
r _r 1847-1
vyvolani cukrovky

Sharpey-Schafer — objev inzulinu

Banting and Best (1921)
— extrakt ze psich slinivek — 1€Cili psi diabetiky
— |éCba pacienta

1929 — Nobelova cena (Banting a Macleod)




Slinivka — anatomie

podvojna zlaza: exokrinni a endokrinni
cast

topografie — duodenalni okenko L2
sekundarne retroperitonealni organ

— Intraperitonealné pouze ocas

cévni zasobeni slinivky

— truncus coeliacus + a. mesenterica sup.

3 operacni pristupy ke slinivce






Slinivka — pars endocrina
Slinivkové (Langerhansovy)
ostruvky

Insulae pancreaticae

 hmotnostasi1g
* pri totalni
pankreatektomii nutno

pravidelne nahrazovat
pouze inzulin

» tramce epitelovych
bunek










nastrik krevnich cév




Insula pancreatica

A=

ductus interlobularis

B =




Slinivkoveé (Langerhansovy) ostruvky
typy bunek

gER, GA, granula

* A — bunky (endocrinocytus A; glucagonocytus)
— A-granula — kulovita (300 nm)
— glukagon — hyperglykemicko-glykogenolyticky faktor

* B — bunky (endocrinocytus B; insulinocytus)
— B-granula — kulovita (300 nm), ,druhové” specificka
— inzulin — hypoglykemicky faktor



B-bunky (asi 70 %) — centrum, shluky




h

y

dC

A-bunky (do 20 %) — periférie, ve vrstv




Slinivkoveé (Langerhansovy) ostruvky
typy bunek

D — bunky (endocrinocytus D; somatostatinocytus)
— O-granula — kulovita (250 nm), zcela vyplnéna

— jeden dlouhy vybezek bunek — parakrinni sekrece

— somatostatin

PP — bunky (endocrinocytus PP)

— granula — 180 nm, nejsvétlejsi

— pankreaticky polypeptid — fizeni exokrinni Casti
slinivky

(G - bunky)

— tvorba gastrinu

(dalsi)

— bunky tvofrici ghrelin, PYY, D1, EC)



D-bunky (do 5 %) — roztrouseneé




Slinivkové (Langerhansovy) ostruvky
rozmisteni bunek

 pomer bunek ve slinivce: ocas > telo > hlava
—téloaocas—-70% B,20% A,10% D, 1 % PP
—hlava—-65% PP, 25%B, 7% D, 3% A

* umisténi bunék v ostruvku:
— B-bunky ve stredu
— A, D, PP v plasti (pfi okraji)

Core l
Bela cells predominate in <3

.‘“ -
the core.

Mantle

Other cells—alpha, delta, and .-
F celis—are present in the

mantle, |




n Insuloacinar ‘ Islet of
portal system Langerhans
% 4

0.9 2a%

-

Pancrealic acini

Acinar vascular
system
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Insulae pancreaticae PAS + Hem




Insulae pancreaticae - ABC prove of insulin E10
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Slinivkové (Langerhansovy) ostruvky
VYVO]

» diferencuji se z indiferentnich slinivkovych

bunek

» oddéluji se od vyvodu

* nejprve A-bunky, pak B, D a PP

* Inzularni pole — vsechny typy promichany

« plastové ostruvky — B v jadru, A v plasti

* inzulin v 10. tydnu
glukagon v 15. tydnu



Multiple Endocrine Neoplasia
= MEN sydrom

mnohocCetna neoplazie endokrinnich zlaz
obvykle dedicné (autozomalné dominantne)

3 typy
MEN 1 = nadory pristitnych telisek, slinivky a
podvesku

MEN 2a = medularni karcinom stitne zlazy
(MTC), feochromocytom a nadory pristitnych
telisek

MEN 2b = medularni karcinom stitne zlazy(MTC),
feochromocytom a neuromy



Siinka
Glandula pinealis; Corpus pineale
,Epiphysis; Nadvesek mozkovy*

* vyvojovy vztah k parietalnimu oku
* hatérie novozélandska (Sphenodon punctatus)
* reakce na polarizované svetlo (mesicni biorytmy)




Sisinka

Caput nuclei caudati Septum pellucidum

Columnae fornicis

Stria terminalis

Lamina affixa

Corpus pineale - 4-—-------

; s Trigonum habenulae
PUIVIOER s snisiss st R T e — —~ — — — ——~-————-———= Colliculus cranialis

Incisura cerebelli anterior -—=——-----—=—--- AR TN N e 7 5 0 b - Colliculus caudalis



Sisinka

soucast epitalamu

za hornim zadnim koncem lll. komory
— vybiha do ni recessus pinealis (ventriculi tertii)

dorzalné vybiha nad mozkovy kmen (nad
ctverohrboli stredniho mozku)

rudimentarni endokrinni zlaza s tlumivym ucinkem
na cinnost pohlavnich zlaz

melatonin = zmena hladiny behem dne

acervulus cerebri (= vapenate konkrementy u
dospelych) — CT, MRI

pinealom (nador) = u deti pubertas praecox, u
dospélych insomnie a Parinauduv syndrom
















Sisinka — stavba

pouzdro z pia mater = prepazky
hlavni bunky (pinealocyti)

— jadro s vyraznym jadérkem, bazofilni
cytoplazma

— tvorba melatoninu
e zména hladiny behem dne

intersticialni/astrogliové bunky (astrocyti)
— tyCinkovite jadro

n. pinealis = neurofibra non myelinata
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Sisinka — pisek
acervulus; corpus arenaceum
(mozkovy pisek)

» konkrementy bilkovinného
materialu s vapenatymi
solemi

* pocet stoupa s vekem
 CT, MRI
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Srdce

sinové kardiomyocyty

atrialni natriureticky peptid / faktor (ANP / ANF)
peptid

vazodilatacni a natriuretické ucCinky (zvysenée
vyluCovani Na* iontu a nasledné vody v ledvinach)

komorové kardiomyocyty
mozkovy natriureticky peptid (BNP)

vyssi plazmaticka koncentrace u srdecniho selhani
- diagnosticky marker



Ledviny — erytropoetin

peritubularni intersticialni bunky kury
erytropoetin

glykoprotein

stimulem je hypoxie (snizena hladina kysliku v
ledvinach)

zajistuje vyrovnani erytropoéezy a snizuje fyziologicky
se vyskytujici apoptozu progenitorovych bunek

pri nedostatku se rozviji anémie, napr. pri
chronickém onemocnéni ledvin

mozna substitucni leCba
Zneuzivani ve sportovnim dopingu



Ledviny — RAA osa

Juxtaglomerularni aparat (Complexus juxtaglomerularis)

regulace krevniho tlaku

systéem renin-angiotensin-aldosterone
(RAA)

- Renin substrate
granularni bunky arteriola afferens + W_,
effe re n S Renin Peptlde»c‘t;?n 7
Angiotensin-
= juxtaglomerularni bunky (juxtaglomerulocytus) ! e

— transformované svalové bunky tunica media

TR
— mechanoreceptory [ ——
— tvori renin / D ETREY Lung
macula densa tubuli distalis D) | P 1
= epitheliocytus maculae densae Vo j@/
— chemoreceptor In%g%g Tuig ACTH?:? — \T
extraglomerularni mezangialni bunky - ""’Ejﬂ'a”d
= mesangiocytus extraglomerularis A — s T,

All vights reserved.

Goormaghtighi; lacis cell



Regulation of aldosterone secretion by the renin—angiotensin—aldosterone (RAA) pathway.

Aldosterone helps regulate blood volume, blood pressure, and levels of Na*, K*, and H™ in the blood.

0 Dehydration,
Na® deficiency,
or hemorrhage

v

0 Decrease in
blood volume

v

9 Decrease in

blood pressure

- o

I

|

Increased renin

Liver 0 Angiotensinogen —\l

y ‘j A
il

DG o
- (7

>

Lungs (ACE = Angiotensin
Converting Enzyme)

Increased
angiotensin |

Increased
angiotensin I

cells of kidneys

@ Blood pressure
increases until
it returns to normal

Juxtaglomerular T

@ Vasoconstriction @ Increased blood

/—> of arterioles volume

Adrenal
cortex

@ Increased
L5 ; <« Kin
extracellular
fluid

In kidneys, increased Na*

A

and water reabsorption
and increased secretion of
K* and H" into urine

i) ®

Increased
aldosterone >



Afferent

arteriole
i
cONvo Bowman's
tubule capsule
Macula densa
Lacis cells Bowman'’s
space
Juxtaglomerular -
cell

i 7/~ Glomerulus

Efferent =~
arteriole

- Proximal
convoluted
tubule



Paraganglia

» chromafinni (drive paraganglia sympathica)
— paraganglion aorticum abdominale
Zuckerkandli
— glomus coccygeum Luschkae

— glomus jugulare
* bez chromafinni reakce (drive paraganglia
parasympathica)
— baro- a chemoreceptory
— glomus caroticum a glomus aorticum



Superior cervical sympathetic
canglion

Carotid body

Inferior cervical sympathetic
ganglion

Inferior phrenic arl

=N
W

\-.

\

Cardiac plexus

< Tharacic sympathetic
ganghon

-

Greater splanchnic
nerve

Suprarenal medulla
Coeliac ganglion

S ; -
: i

, ~.‘
N

TS

B

Para-aartic body

Hypogastric
plexus

Ductus deferens

\\ Ganglion impar
|

TA M Gray s Anatomy, 37¢h Ed, 1999



Chromafini bunky paraga
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Roztrousené endokrinni bunky

endokrinni bunky travici trubice a
dychacich cest (DNES, drive APUD)

,uzavreny" typ — ,otevreny” typ
obsahuji Cetna granula

velké mnozstvi typu = mnozstvi hormonu
regulujicich funkce travici trubice



