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Parakrinni
Autokrinni Lokalni
Synapse
Synaptické ::
Kontaktni @
Krevni obé&h ]
Neurokrinni : 2
Vzdalené
Krevni obéh
Endokrinni @ — * @




Hypothalamus

Releasing hormones:
Pituitary gland
GHR!-!, _CRH. TRH, GnRH QoW NGRS,
Inhibitory hormones: Prolacti
matostatin, dopamine snice )
B oot do ol ACTH, MSH,
ooy TSH, FSH, & LH
oxytocin
Thyroid gland Parathyroid glands
Parathyroid hormone

Ts- T,. & calcitonin

Adrenal glands
Cortisol
Aldosterone
Adrenal androgens
Epinephrine
Norepinephrine

Pancreas
Insulin
Glucagon
Somatostatin

Ovaries
Estrogens
Progesterone

Testes
Testosterone

Source: Molina PE: Endocrine Physiofogy, 4th Edition: www.accessmedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved,



ENDOKRINNI ORGANY (napt. hypofyza, titna Zlaza, pfistitna téliska, nadledviny)
ENDOKRINNi TKAN jako soucéast JINYCH ORGANU

(pankreas, gonady, ledviny, placenta)

IZOLOVANE ENDOKRINNI BUNKY (APUD, napt. enteroendokrinni bufiky GIT)
NEUROENDOKRINNI BUNKY (dychaci cesty, prostata, GIT))

e Jednotné vyvojové schéma endokrinnich zlaz

- invaginace rliznych epitel(, které ztratily kontakt s plvodni tkani

- na rozdil od exokrinnich zZlaz nemaji vyvod




1. Negativni zpétna vazba zménou metabolického stavu

Langerhansovy
ostravky . . - - -
e 3. Nervovym systémem — primou inervaci
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« Steroidy — hydrofobni, cytoplazmatické nebo jaderné receptory (pohlavni
hormony, kortikoidy)

« Proteiny a polypeptidy — hydrofilni, receptory na bunééné membrané
(insulin, hormony adenohypofyzy, PTH, ...)

« Malé peptidy (ADH, vasopresin)
« Aminokyseliny a jejich derivaty (adrenalin, noradrenalin, thyroxin)
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Rlstovy hormon



OBECNE VLASTNOSTI

Chemokines,
Hormones,
Transmitters
(e.g. interleukins,

Growth Factors
(e.g. TGFa, EGF)

Survival Factors
(e.g., IGF1)
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Death factors
(e.g. FasL, Tnf)

Jaderné receptory
Steroidy

Tyroxin

Lipofilni molekuly (vitamin E)
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OBECNA MORFOLOG

« Tramce zlazového epitelu nebo folikuly nebo skupinky Zlazovych bunék

infundibulum (neurohypohysis)

- Kapilarni sit
* Fenestrované kapilary
e Sinusoidy

e Vazivové pouzdro + septa




HYPOFYZA

EPIFYZA

STITNA ZLAZA

PRISTITNA ZLAZA
NADLEDVINA |
LANGERHANSOVY OSTRUVKY



HYPOFYZA (GL. PITUI

corpus callosum

HYPOTHALAMUS . .
chiasma opticum
HYPOFYZA
kost klinova
pons

prepdazka nosni
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HYPOFYZA (GL. PITUITARI

P -

f

hypothalamus
sella turcica
» fossa hypophysialis
optické chiasma
NBL
Y
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HYPOTHALAMUS

Chiasma opticum

Horni hypofyzarni arterie

INFUNDIBULUM

Diaphragma sellae

Dura mater

ZADNI LALOK
PREDNI LALOK

Dolni hypofyzarni arterie
Dolni hypofyzarni zila

Sella turcica kosti klinové



ZAKLADNI STAV

adenohypofyza (pars distalis, pars tuberalis, pars intermedia)
neurohypofyza (pars nervosa)

infundibulum, eminentia mediana

-
LS

ralis

A
pars tube

- A

S
_ (adenohypophysis)i

portal vessel



EMBRYONALNI VYVO

1. Ektoderm stomodea (Rathkeho vychlipka)
2. Neuroektoderm ventralni stény diencefalonu

~3. tyden ~6. tyden ~8. tyden

Infundibular process

$ Forebrain
Chorda Neural ectoderm : \ S 5
< § N Infundibular process N\
Rachenhaut
Rathke’s pouch
Medullarrohr o \O | ectoderm
ral ectoder!

Rathke’s pouch

Atrium

Mesoderm
Lebergang 1. Beginning formation of Rathke’s pouch 2. Neck of Rathke’s pouch constricted by 3. Rathke’s pouch “pinched off”
and infundibular process growth of mesoderm
Median eminence
-~ M ~ m—— 3
g $i PR
Hypophysen : K
— tasche(Rathke) i SN
Shorin Pars tuberalis
Infundibulum .
Cleft
Pars nervosa ——_
Seessels Pars intcrmedia/
Tasche Oberkiefer- 2% NSphenoid sinus -
i Pars distalis
Rachenhaut
4. “Pinched off” segment conforms to neural 5. Pars tuberalis encircles infundibular stalk 6. Mature form P
process, forming pars distalis, pars intermedia (lateral surface view) (s
Unterkicfer- and pars tuberalis i Va
Kopfdarm

~11. tyden ~16. tyden
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Lékar, anatom,embryolog, zoolog
* Jeden z otcll zakladateld moderni
embryologie

"For a long time | have observed in several animals ... a small irregularly rounded depression
which belongs to the mucous membrane of the mouth, of which it is clearly a thin-walled
outpocketing. ... Finally | saw that this depression represents the first step in the formation of
the pituitary gland" (p. 482).

Rathke, H. : Ueber die Entstehung der glandula pituitaria. Arch, f. Anat,, Phys. und wiss. Med. S. 482-85. 1838



Development of the Hypophysis 4. tyden - Rathkeho vychlipka

5. tyden - rlst, kontakt s divertikulem prosencephalonu
(infundibulum)

6. tyden - spojeni Rathkeho vychlipky a stomodea zanika
10. tyden - detekovatelné hladiny GH a ACTH
16. tyden - adenohypofyza plné diferencovana

Il Ventricle

Median eminence

Sagittal view

Evagination of
‘\ \ floor of Ill ventricle
\

/ A\ \ \\ [ Pars tuberalis K |
! \ \
E f \ \
vagination ©
oropharynx { } ) Adenohypophysis Neurohypophysis
I
\ \\ Ry // \
Rathke's Pouch™ \\ \ \ \ Posterior
P —— - o) l
c ) Cleft Sagittal view cbe
[ £
}\7)— Regressing stalk
& of pouch




A =fossa W
| B=hypothalamus

C= eﬁmi'hent_i}a mediana
D =aden ohyp ofyza
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[HYPOTHALAMUS (\\

4

ANTERIOR
PITUITARY GLAND



HYPOTHALAMUS

mala oblast diencephala se slozitou
neuroarchitekturou, limbicky systém

komplexni funkce

regulace teploty, emoci, prijmu potravy,
cirkadiannich rytma

hormonalni regulace na zakladé rliznych podnét(
(osmorecepce, koncentrace Zivin, elektrolytd,
systémové funkce - bolest)

neurosekrece z hypothalamickych jader

n. supraopticus, n. paraventricularis:
magnocelularni neurony — tractus hypothalamo-
hypophysialis

hormony oxytocin, vasopresin vyluCované
neurohypofyzou

parvocelularni neurony — kapilary eminentia
mediana

hormony statiny a liberiny fidici sekreci z
adenohypofyzy

Anatomy of the Brain (Medial)

Cerebrum
\ Third ventricle

Supratentorial —
area

Posterior fossa/—
infratentorial area

Spinal cord—

Thalamus

=1

Sagitta
view

Superior e
hypophyseal wedp ==~
artery

Selia turcica

ey /

Anterior Posterior
lobe lobe

Pituitary gland




Tractus hypothalamo-hypophysialis

- axony magnocelularnich neuronl v nucleus supraopticus a
paraventricularis

- zakoncCeni na fenestrovanych kapilarach v neurohypofyze

- syntéza prohormonu, béhem axonalniho transportu —
maturace

- kapilarni plexus z a. hypophysialis inferior (vétve a. carotis
interna) — sinus cavernosus

Hypofyzarni portalni systém

- parvocelularni neurony napt. nucleus arcuatus, preopticus,
paraventricularis a nuclei tuberales

- axonalni transport na primarni kapilarni plexus (z prednich a
zadnich a. hypophysiales superior - vétve a. carotis interna;
anastomozy s a. hypophysialis inferior ) v eminentia mediana
— hypofyzarni portdlni véna (v. portalis hypophysialis) —
sekundarni kapilarni plexus v adenohypofyze — v. lobi
anterioris — sinus cavernosus — V. jugularis interna




syntéza a transport efektorovych hormont z n.
supraopticus a n. paraventricularis via tractus
hypothalamo-hypohesialis do neurohypofyzy \
syntéza liberini a statint a jejich sekrece do kapilar
eminentia mediana a transport portalnim systémem
do adenohypofyzy

ncl. paraventricularis

P

ncl. supraopticus

e —.

hypothalamo-hypofyzarni trakt

zadni lalok

primarni kapilarni plexus na e. mediana

sekundarni plexus predniho laloku

predni lalok



A. carotis int.

Kapilary v eminentia T T
mediana a infundibulu _
A. hypophysyalis sup.

Hypofyzarni portalni vény

Hypofyzarni vény
Hypofyzarni vény

A. hypophysyalis inf.

Kapilary hypofyzarniho plexu v pars distalis



e vyvysSena Cast tuber cinereum, kde odstupuje infundibulum p. nervosa
* neurohemalni oblast - neni vytvorena hematoencefalicka bariéra
* fenestrované kapilary s Sirokymi perivaskularnimi prostory

g

Posterior Pituatary




* nemyelinizovana nervova vlakna
— axony neurosekrecnich bunék (100 000)
hypotalamickych jader (n. supraopticus a n.

paraventricularis) —

* pituicyty (neuroglie) 8 T——

- astrocyty, zajistuji lokalni kontrolu S— S —
sekrece z neuresekrecnich axonalnich I
zakonceni AT (e

* Herringova téliska ,;.‘-"3";
. 7 7 v 7 Va4 ..'
- dilatace axonalnich zakonceni pobliz '
kapila,r | —— Hypophyseal nerve
- obsahuji neurosekrecni vezikuly s e
hypothalamickymi hormony —
° h o r m o ny circulagon
- oxytocin (OT) v 4
- L : oo i .

- antidiureticky hormon (ADH, vasopresin) o7

- syntéza v magnocelularnich neuronech R0
hy p Ot h a | a m u Posterior pituitary hormones

- sekrece z Herringovych télisek v O o -

TSH,ACTH, LH,FSH, GH

neurohypofyze



NEUROHYPOFYZA

i Forebrain
. pathways /

Brainstem
pathways

Paraventricular
nucleus

Supraoptic nucleus

tract

Posterior lobe

Site of hormone
exocytosis

Efferent vein

Inferior hypophyseal artery

Arterial supply
to hypothalamus

Hypothalamohypophyseal

Herring bodies l

Anterior lobe

¥ Neurosecretory Ending (posterior pituitary).

Pituicyte processes

=——AX0n

1
Capillary Neurosecretory
Endothelium vesicles

Basal lamina

¥ Origin of ADH.

7 Hypothalamic
neuron

Unmyelinated

¥ Fenestrated

) ¥ capillary
Herring N
bodies i

Posterior

—
lobe
Hormone Principal Action Principal Nucleus of Origin
Oxytocin (OXY) Uterine contraction, Paraventricular
milk ejection
Anti-diuretic Water excretion in kidney, Supraoptic

hormone (ADH) arteriolar constriction




\/ * ncl. paraventricularis
1 v .o' .\

S+ | ncl. supraopticus

hypothalamo-hypofyzarni trakt /

zadni lalok

primarni kapilarni plexus na e. mediana

sekundarni plexus predniho laloku

predni lalok
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NEUROHYPOFYZA -

Y

Neurosecretor

Endothelium

B

e se

granules

Ga "




Oxytocin

* nonapeptid o T

* magnocellularni neurony n. supraopticus a paraventricularis g;’:-j-*-gf!:g r

* OR - G-protein coupled receptor w, s Lo
. . 7 v 7 vy s ___II -"II_ 1 _:-' H
* laktace (— myoepitelie mlécné Zlazy) 9 4 K \:”yiﬂ N en
* kontrakce myometria e TN ML T
* behavioralni ucinek
* nonapeptid
* retence vody -~
s . : |
» epitelie t. reuniens a d. colligens 'S Y iy
. . , MM, A 0
* kontrakce svaloviny t.media cév Ha._ N 5_,‘ i [,“‘*
. . . . . . ro ] |
* diabetes insipidus, hypernatremia, polyuremia Ny O o |
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, y Pituitary Gland H&E 2V
Chromofilni bunky : _an « @8

* Acidofilni Rl ..
Pl T »

) k? .(' - r‘," &
NEGLANDOTROPNI P ¥ basois s
.7 s v ’ , % ’ s - Ly ¢
primy ucinek na cilové tkané 3 IF,{ Q ; ‘;? ’.'_: Qf‘.
* Bazofilni ' L ' 2 ihromoihobes

GLANDOTROPNI

- regulace ostatnich endokrinnich zlaz

Chromofobni bunky Folikulostromalni bunky
* nediferencované b. * nejasna funkce
e degranulované chromofilni b. e produkce cytokinu

* stromalni b. * mozna charakter kmenovych bunék



ADENOHYPOFYZA

W e
-, acidofilni buriky

L

bazofilni bunky
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ADENOHYPOFYZA

3 m— E J =) =
N | #® g *Growth hormone -’ |

# %7 e

TSH cells S
e
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"FLAT PEG”

* FSH

* LH

* ACTH

* TSH

* Prolaktin

 Endorfiny

e RUstovy hormon (growth)

REGULACE HORMONY HYPOTHALAMU

e gonadoliberin — FSH a LH
* kortikoliberin — kortikotropin
* thyreoliberin — thyreotropin

* somatoliberin — somatotropin

e follistatin =4 FSH a LH

* somatostatin — somatotropin, TSH
* dopamin — prolaktin



Pro-opio-melanocortin (POMC)

* drsné ER — pre-prohormon

Stress

rizné tkane

 ACTH (kdra nadledvin — kortisol)

« MSH (melanocyty - zejména parakrinné)
* lipotropin (lipolyza, steroidogeneze)
 endorfiny

POMC

y-MSH ACTH B-lipotropin

a-MSH||CLIP || y-lipotropin || B-endorphin

B-MSH ¥

HPA Axis

| Hypothalamus

<>l
&Anterior
pituitary

Adrenal gland

©

Kidney

®

Metabolic
effects




FSH (folitropin), LH (lutropin)

e gonadotropni bunky adenohypofyzy v zavislosti na GnRH

* glykoprotein, 30kDa

* heterodimer dvou nekovalentné spojenych podjednotek (a/a - spolecna pro vice
hormonU - lh, FSH, TSH, hCG, b/ - specificka)

* FSH receptor (testes, ovaria, uterus) ascociovany s G-proteiny

- glykosylovana extraceluldrni doména 11 leucine rich repeats specifickd vici FSH

- po vazbeé ligandu aktivace G-proteinu a cAMP signalni drahy

- alternativni aktivace MAPK kaskady (ERK)

- komplexni signalni odpovéd’ (prostaglandiny a PLPc, NO)

FSH LH
ovarium vyvoj folikult (exprese FSHR v burikach ovulace, vyvoj corpus luteum,
membrana granulosa) produkce androgenl v

burikach théky
testes vyvoj spermii, FSHR v Sertoliho burikach produkce testosteronu v
Leydigovych burnkach (LHR)

extragonadalni FSHR v sekre¢nim endometriu lutealni faze uterus, seminalni vacky,
uteru (endometrialni fukce, embryo- prostata, kzZe... neznama
endometridlni interakce) funkce



HPT Axis
TSH, thyrotropin
* thyrotropni bunky adenohypofyzy v zavislosti na TRH qx

Hypothalamus

* indukuje produkci T4 (thyroxin) a T3 (trijodtyronin) l@
* glykoprotein, 28,5 kDa, heterodimer nekovalentné -

spojenych podjednotek (a, b) Andidicr
e TSH receptor na thyroidnich folikuldrnich bufikach pituitary
- G-proteinova signalni kaskada — adenylylcyklaza O
- cAMP — jodoveé kanaly (pendrin), transkripce ®l
thyreoglobulinu, endo- a exocyticka draha __Thyroid
©
e krosreaktivita s hCG — v téhotenstvi alterace @¢
syntézy thyroidnich hormon( (gestacni .0
hyperthyroidismus) ¢

Increases
metabolism




GH, somatotropin, rustovy hormon

 somatotropni bunky adenohypofyzy v zavislosti na GHRH (somatokrinin)
* nékolik molekularnich isoforem (alternativni sestrih), ~20-24 kDa

» Siroké spektrum cilovych bunécnych typt i fyziologickych déj

- transkripce DNA, translace RNA, proteosyntéza

- vyuziti tukl (mobilizace mastnych kyselin, konverze na acetyl-CoA)

- inhibice primého vyuziti glukdzy, stimulace glukoneogeneze

- transport aminokyselin

- proteosyntéza v chondrocytech a osteoblastech, proliferace, osteogeneze
* GHR v riznych tkanich

- RTK, JAK-STAT

* somatomediny
- malé proteiny (MW 7,5 kDa) typu IGF, produkované jatry

* rozmanité projevy deregulace GH



ADENOHYPOFYZA -

Table 2. Nonclassical Anterior Pituitary Substances and Cell(s) of Origin

Substances Cell Types
PEPTIDES
ACTIVIN B, INHIBIN, FOLLISTATIN F.G
ALDOSTERONE STIMULATING FACTOR UN
ANGIOTENSIN Il (ANGIOTENSINOGEN, ANGIOTENSIN |
CONVERTING ENZYME, CATHEPSIN B, RENIN) C.G.LS
ATRIAL NATURETIC PEPTIDE G
CORTICOTROPIN-RELEASING HORMONE-BINDING PROTEIN Cc
DYNORPHIN G
GALANIN LST
GAWK (CHROMOGRANIN B) G
GROWTH HORMONE RELEASING HORMONE UN
HISTIDYL PROLINE DIKETOPIPERAZINE UN
MOTILIN S
NEUROMEDIN B T
NEUROMEDIN U Cc
NEUROPEPTIDE Y T
NEUROTENSIN UN
PROTEIN 7B2 GT
SOMATOSTATIN 28 UN
SUBSTANCE P (SUBSTANCE K) GLT
THYROTROPIN RELEASING HORMONE G,LS,T
VASOACTIVE INTESTINAL POLTPEPTIDE G,LT
GROWTH FACTORS
BASIC FIBROBLAST GROWTH FACTOR C.F
CHONDROCYTE GROWTH FACTOR UN
EPIDERMAL GROWTH FACTOR G.T
INSULIN-LIKE GROWTH FACTORI| SF
NERVE GROWTH FACTOR UN
PITUITARY CYTOTROPIC FACTOR UN
TRANSFORMING GROWTH FACTOR ALPHA L.S.G
VASCULAR ENDOTHELIAL GROWTH FACTOR F
CYTOKINES
INTERLEUKIN-1 BETA i)
INTERLEUKIN-6 F
LEUKEMIA INHIBITORY FACTOR C.F
NEUROTRANSMITTERS
ACETYLCHOLINE CL
NITRIC OXIDE E

C = corticotroph, F = folliculostellate cell, G = gonadotroph, L = lactotroph,
S = somatotroph, T = thyrotroph, UN = unknown



ADENOHYPOFYZ

Afferent nerves to hypothalamus

Hypothalamic neuron to
posterior lobe

Thyroid hormones

Paraventricular nucleus

Hypothalamic neurons for releasing

and inhibitory factors to anterior lobe

Supraoptic nucleus
lypothalamic
artery Primary capillary plexus receives neurosecretions
from hypothalamus

: RS
1 4 Superior

A Hypophyseal portal veins carry neurosecretions to anterior lobe
=  hypophyseal artery 4 ’

‘= Posterior lobe _4
ll I v )

Specific glandular cells of anterior lobe

Skin (melanocytes)

< TSH

iz ACT FS ; :

g thyicidl Adce 'I ' - Growmy Diabetogenic

I ' drenalf Testis PRL factor ] factor
__cortex 7

||'. £¥ 1) e, P W Ovary B
i 1 —y : { o3
II%' r:“l :' ‘~- I A e 5 $

Breast (milk

iV .S )
_-‘;\ _/~ Fat tissue
[ &
\ % 7 )insulin
)
— production) ;

Bone, muscle, ";A'u}”)dl]('l‘CAQ
Eslr()gon organs (growth) ; 7 i

Testosterone Progesterone

Adrenocortical
hormones



Tumory hypofyzy

« utlak okolnich struktur (optické chiasma)

Hyperfunkce endokrinni
komponenty

e prolaktinom - galactorrhea

* hypogonadismus (poruchy GnRH)
* gigantismus - akromegalie

* nanismus
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André the Giant

e gigantismus — akromegalie
e 224 cm, 240 kg




Stress
Disease
Circadian Cycle
ﬂ Hypothalamus

Hypophysis ]

@ .
Adrenalglands ]
Cortisol t ‘




HYPOFUNKCE HYPERFUNKCE
kortikotropnich bunék | “""* kortikotropnich bunék

CUSHING'S SYNDROME

Thinning of scalp hair
Emotional instability

- Acne
Moon face

L n facial hair
ANOresda, nausea, Increased facial hai

vomiting - Buffalo hump
Hyper- —— Osteoporosis
pigmentation
: Cardiac
Cardiac
" 3 1 hypertrophy
insufficiency,
ypotension ot e
Adrenal —— Adrenal: B
c atrophy: - « hyperplasia 5 AR S
Thomas Addison - Autoimmune s AEAY /=
- Infection Trmces 2 BN A Y
* Tumor : 4 & s £
metastasis obesity &_' , e ARG
oi — Striae of 3
pdomis skin Harvey-W. Cushing

abdominal
pain

1912

Addison’s Disease

Easy bruising
o » hypothal
Pl pothalamus . ’
' Musde weakness Muscle waisting:
: lo welsting: Cushing’s Syndrome
1 + Thin extremities
. CRH
: Hypothalamus )
'
. (- Diabetes Corticotropin Releasing Hormone
:- - - -}- anterior pim Mr}l mellitus "{CRH)
1
' P ST (-)
! increased tropic Anterior Pituitary
. ; ACTH hormane secretion:
lack of H.EQET!"-I'_E increased ACTH lavels Adrenocorticotropic Hormone (ACTH)
feedback inhibition *
1 Y
1
! adrenal destruction of adrenal gland Adrenal Cortex
! gland (autoimmune or tuberculosis)
' T
1 '
' v v
------------ low cortisol Cortiso!




HYPOFYZA (GL. PITUITARI

Anatomicka stavba

Mikroskopicka struktura

Hormony a cilové tkané

trabekularni epitel v tramcich a clusterech,
retikuldrni vlidkna, folikulostelatni buriky

horni
hypofyzarni 'S
. o . ,
arterie — o nediferencované b.
g a degranulované chromofilni b. nemaji zftejmou hormonalni aktivitu
eminentia o stromalnib.
= mediana — S
N . .
= pars distalis o dopamin (PIH) zmény mlééné #lazy
8_ " .p|>r|m,arln| = mammotropni b. 'E>’ L v gravidité a aktivita
Z :;pl arni plexus, = 8 § PRF(?) — prolactin v laktaci
g ene§t,rovane % 5 g
] kapilary — T 2 ©° somatostatin (GHIH) pfimo jatra, rdstové
o© o o 1 ploténky
2 portélni vény — ) somatotropnib. | . o vratay
v c e GHRH — somatotropin rGzné dalsi tkané via
i) (STH) somatomediny
o sekundarni k=
= kapilarni plexus, s kortex nadledvin
< sinusoidni § kortikotropni b. CRH — ACTH, MSH — kortisol
= _ kapilary < melanocyty
pars tuberalis © ‘g Z
N Q_ - —
£ , ] stitnd Zlaza
g 2 thyrotropni b. © TRH — TSH .
o © S — thyroxin, T3
S 2 ]
Q2 © § ld
- S gonady
. . , — androgeny,
pars intermedia Rathkeho cysty gonadotropni b. GnRH — FSH (ICSH), LH geny
estrogeny,
progesteron
— tubulus reuniens,
Y infundibul dolni ADH ductus colligens
-g = infundrouium hypofyzéarni nemyelinizované axony 3z t.media cév
Z" 8_ arterie > hypothalamickych neuront n. supraopticus, | § :
‘= o n. paraventricularis (tractus hypothalamo- | & myvometnum'ut'eru
- O kapilarni plexus, hypophysialis), = _ béhem ‘graV|'d|ty
N 3 pars nervosa fenestrované pituicyty £ oxytocin myoepithelium
£ kapilary mlécné zlazy v

laktaci
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To study the effects of the hypothalamo-pituitary-adrenal axis,
groups of mice were injected with different hormones. Group A
mice were injected with cortisol to mimic effects of Cushing’s
syndrome. Group B mice were injected with hormone X. Group C S\

mice were injected with a saline solution. Blood samples were later
taken from the various groups and average hormone levels were

measured and recorded in Table 1.

Table 1. Levels of hormones (in nmol/L) found in blood sample taken

from experimental mice groups.

CRH ACTH Cortisol
Group A 20 150 900
Group B 45 430 760
Group C 30 230 400

coﬁee break

Hypothalamus

Corticotropin Releasing Hormone
(CRH)

Anterior Pituitary 0

1Adrenocorticnlropc Hormone {(ACTH)

Adrenal Cortex

i

Cortisol



EPIFYZA (C. PINEALE)

Pei[?\eal,Gla:r'rﬁl_?.E ‘

@ ;
@ W astrocyte ,. |
e E 4
e epithalamus e | ‘
* vazivové pouzdro navazujici na pia mater |
* tenka vazivova septa Y .
* nemyelinizovana nervova vlakna 7 -l
* pinealocyty (95%, velké, svétlé, kulatd jadra) ; ’
4

* intersticialni neuroglie (astrocyty, tmavé,
podlouhla jadra)

e acervulus cerebri

* melatonin



EPIFYZA (C. PINEALE
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EPIFYZA - ACERVULU
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EMBRYONALNI VYVO!)

e proliferace kaudalni ¢asti
ependymu ktery se nepodili na
vzniku choroidniho plexu ve
stropu diencephalonu

* neuroektoderm

Occipital lobe

Cerebral
hemisphere

Lamina

terminalis Hypothalamus

Infundibulum

A Optic chiasma

Prosencephalon

Mesencephalon Cerebral hemisphere

Pineal evagination

Foramen
of Monro
Isthmus Metencephalon
Lamina terminalis
hypothalami
Myelencephlon
WEEK 4 WEEK 6
4 mm (After Hochstetter) (9 mm)
Epithalamus Epithalamus
\ Pineal body
1l )
Conpus callgsam Habenular commissure / Thalamus

Hypothalamic sulcus

Pineal 5 4 Hypothalamus
Lamina terminalis \S4&

hypothalami

Septum

pellucidum Mamillary bod

Posterior commissure
Anterior Optic chiasma

Infundibulum

WEEK 11

65 mm



 pinealocyty Blood

- hvézdicovité, modifikované neurony v tramcich

IH,
CH.CH

Hoon  L-TRYPTOPHAN

8‘_

- asociace s fenestrovanymi kapilarami

p
I
N
E

CH.CHHH,  S-HYDROXYTRYPTAMINE A
{5-HT, SEROTONIN})

N L

TEYPTOPHAN

- neurosekrecni dilatace HYDROXYLASE (TPH)

—

NH,
Ha CH.CH 5-HYDROXYTRYPTOPHAN

COOH e yTp)

- nevizualni fotorecepce

q

- melatonin — acetylace serotoninu A AR e

e

(hydroxytryptaminu) o

q

- cirkadianni rytmy SEROTONIN N-ACETYL

TRANSFERASE
Or Bub-MAT

e

HO CH, CH, NH, HHCO CH,

N-ACETYL-

q

SEROTONIN
HYDROXYINDOLE H {NAS)
O-METHYLTRANFERASE
(HIOMT)
CH3O CH,CH, IH L MHED CH,

m 4 < O O

a

MELATONIN

<

Reiease in Biood



Parietalni oko

Procynesuchus (an ealry reptile) Iguana (modern reptile)

[} - :‘ ‘l » . - V 4
Haterie novozelandska
; ‘ A . ’ =i/ .. v

Olfactory
bulb

Ollaciory
bu

Cerebral
hemisphere
Cerebellum

Pituitary” \
Optic tectum

Midbra

LATERAL VIEW Tlle 'I‘hird ]E‘ve DORSAL VIEW
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e Thyroidni hormony (T3, T4)

e Cbunky calcitonin,

Suparior
thyrold artery

Larynx

Thyrold gland

Vazivovy obal + septa Isthmus

Common carotd artary

Laloky — laltcky - folikuly

Trachaa

Folikuly (50 pm -1 mm) Interiar thyroid artery
- Oddéleny ridkym vazivem
- Jednoduchy kubicky epitel
- Koloid
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| FOLIKULY STITN

kapilara
folikularni buriky

koloid

C bunky (parafolikularni) - baze epitelu, bez kontaktu s koloidem



Kapilarni sit kolem folikult




HORMONY STITNE ZLAZY

T3 a T4 hormony

Syntéza T4 ve Stitné zlaze

* Na-lI symporter prenasi z krevniho obéhu 2 Na+ and 1 |- pres membrany

* | transportér (pendrin) prenasi | do koloidu folikularnich bunék

* thyroperoxidasa oxiduje 2 I~ — L.

e folikularni bunky produkuji thyroglobulin (660kDa, <100 Tyr)

» thyroperoxidasa iodinuje tyrosylové zbytky (cca 20) thyroglamiltélriynu

* endocytdza koloidu gland

» endocytické vesikuly + lysosomy, lysosomalni enzymy
odstépuji T, z molekuly thyroglobulinu

* exocytoza

Syntéza T3z T4

e T4 vkrevnim obéhu ~6.5 dnt, T3 ~2.5
* tkanove specifické deiodinasy generuji T3 T3

Funkce . | Thyroid
e kritické pro vyvoj mozku
* metabolismus (dusikova bilance, proteosyntéza, lipolyza)

ToTa i)



HORMONY STITNE Z
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PARAFOLIKULAR \

- plvod z neurdlni listy

- pfri bazi folikularniho epitelu

- nemaji kontakt s koloidem

- derivaty 4. entodermalni
vychlipky

- rER, Golgi
- sekrecni granula

Calcitonin
- metabolismus Ca'*




endodermalni proliferace epitelu faryngu mezi tuberculum impar a copulou
slepé zakonceny epitelovy Cep, vazivové stroma z neuralni listy

obliterujici ductus thyreoglossus — foramen caecum

ektopicka tkan stitné zlazy

1st pouch forms
Eustachian tube

2nd pouch forms
palatine tonsil

3rd pouch forms
thymus and inferior

Remnant of 2nd, 3rd parathyroids

or 4th cleft may persist
as a lateral cervical cyst

4th pouch forms

superior parathyroids

(Sth pouch / utimobranchial body
forms C-celis of the thyroid gland)
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6 mm, 130 mg
Vazivové pouzdro + septa

Kapilarni sit

Tramce nebo skupiny zlazovych bunék
Hlavni
Oxyfilni

Tukové

Back view




* Hlavni bunky
- nejpocetnéjsi
- malé bunky (7-10 um) s velkym jadrem
- mirné acidofilni

- Parathyroidni hormon (PTH) — vapnikovy
metabolismus

e Oxyfilni
- véetsi, polyedricke,
- silné acidofilni/eozinofilni
- kulaté jadro
- glykogen
- dosud nejasna funkce

e




Glandula parathyreoidea — prehled Il, (HE), objektiv 40x

.
D7 et e

.
'v




Parathyroidni hormon (PTH, parathormone, parathyrin)

0, NH;

e Ijjw ﬁi Lﬁw Q{

=T

o NH

e 84 aminokyselin

e stimulace resorpce osteoklasty 2 )I*H VI
* zvysuje resorpci Ca%* a Mg?*v nefronu HI kEL B

* zvySuje absorpci Ca?* ve strevé (via vD3) q\” fl 7{ f ﬁ g@

M BONE ©
Roloases calckom
PARATHYROID
GLANDS \ /
Sonse low serum caloium
and incroase PTH socretion

and phosphorus
PTH Calcitriol Increased

1. serum calcium

Ca!ddlol Calcitriol @ j
(25-0H.0) (1,25 (OH),0)

OC)

SMALL
LIVER KIDNEY
RS INTESTINE
* Decroases excretion of calom (PCr00503 ADSNPOON

of dhetary calckum



PTH vs. calcitonin

.

Calcitonin
@ Thyroid
. land releases
@ If calcium gane e © Blood
level rises calcitonin calcium
above level falls
set point fl-ligh
Homeostasis:
Blood calcium level
Blood Low If calcium
glcium ; Is\)rel falls
level rises . below
@ Parathyroid set point
glands release
parathyroid

hormone (PTH)



glandulae parathyroideae superiores z dorsalniho vybézku 4. faryngealni vychlipky

glandulae parathyroideae inferiores z dorsalniho vybézku 3. faryngealni vychlipky

spolecné s thymem sestupuji ke spodni ¢asti stitné zlazy

moznost ektopické pristitné zlazy v thymu nebo mediastinu

DEVELOPMENT OF ECTODERM
PHARYNGEAL ARCHES MESODERH
ENDODERM

2nd arch extends
over 2nd, 3rd ]

Fharyngeal clsft: Pharyngeal pouch:
invagination of ectoderm invagination of endoderm
between adjacent arches between adjacent arches

1st pouch forms
Eustachian tube

i 2nd pouch forms
{ palatine tonsil

Il - 3rd pouch forms.
T thymus and inferior
Remnant of 2nd, 3rd q parathyroids
or 4th cleft may persist

as a lateral cervical cyst )
J— 4th pouch forms

] superior parathyroids
(5th pouch / ultimebranchial body
forms C-cells of the thyroid gland)
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Adrenal gland

I/‘ /|

A\
|
]

-

Kidney

20 pm

Vazivovy obal + septa
Kapilarni sit

Rlzny embryonalni plvod kiry (coelomovy epitel) a dfené (neuronadlni lista -
neuroektoderm)



Kﬁra Adrenal

meso derm Development

coelomovy epitel

primitivni (fetadlni) kGra: 5. (-6.) tyden

- soucast fetoplacentarni jednotky

e definitivni kdra:

- druha vina proliferace,

- zona reticularis se plné diferencuje
kolem 3. roku zivota

Dren
- neuralni lista

sympathetic ganglia
[ ]
° o®
LX) .
0
L

e
oo “QA;M artery
g

—_adrenal medulla ®'g ¢

neural crest neural crest

cells migrate
notochord ventrally
dorsal aorta

dorsal )
mesogastrium mesothelium

1 gastrointestinal cells migrate
| tract from epithelium

(duodenum)

neural tube

mesothelium —

fetal adrenél co&é«

splanchnic
mesoderm

peritoneal
cavity

Ventral

UNSW Embryology
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* steroidogenni bunky

- hladké ER, Golgi, lipidové kapénky, pocetné
mitochondrie s tubularnimi kristami

- steroidni hormony cortexu = CORTICOSTEROIDY

* Zona glomerulosa (1/10)

- tenka vrstva pod vazivovym obalem
- malé bunky, klubicka

- nepocetné lipidové kapénky

- mineralokortikoidy (aldosteron)

» Zona fasciculata (6/10)

- radialné usporadané trabekuly
- lipidové kapénky v cytoplazmé
- glucocorticoids (kortisol)

« Zona reticularis (3/10)

- vétvené tramce malych, acidofilnich bunék
- lipofuscin

- androgenni prekurzory




HORMONY KURY

» Steroidy produkované v kortexu
= KORTIKOSTEROIDY
» Steroidogenni bunky

- SER, lipidové kapénky,
mitochondrie

- mineralokortikoidy
- glukokortikoidy
- androgeny

Aldosteron — zona glomerulosa
Kortisol — zona fasciculata

Testosteron — zona reticularis
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DREN NADLEI




VASKULARIZACE NADLE

kapsuldrni arterjola Kapsularnivenula

kortikalni arteriola\ // drenova arterie

vazivové pouzdro [ I-—£. R

- -

‘kapilary z.
. o z. glomerulosa ‘ —T7 glomerulosa
arteriae suprarenales (3) — arterialni —
plexus klry pod vazivovym pouzdrem |
— radidlné orientované fenestrované BARAVA zgrigfans
sinusoidni kapilary prechazejici do
kapilar drené — drfenové vény — v. kapilary z.
H b=t .
suprarenalis z. fasciculata fasciculata
7 7 v . E
— Medularni  buniky pod vlivem 3
hormonu klry
— kapilary z.
z. reticularis —._ reticularis
. s
f vény z.
~ feticularis

dien * dFefiové kapildry

drenové vény



Region (zona) Hormony Cilova tkan Hormonalni efekt Kontrola

soucast renin-
angiotensinového systému,
produkce na zakladé
zvySené hladiny K* nebo
nizké hladiny Na*

Zvyseni renalni reabsorpce
Zona Mineralokortikoidy . Na+ a vody
Ledviny i
glomerulosa (aldosteron) Synergicky efekt s ADH
Vylucovani K*

Uvolnéni aminokyselin ze

© Zona o sval(, lipidlG z tukové tkané,
i ) Glukokortikoidy "o Y . . e .
o3 fasciculata . Vétsina bunék periferni utilizace lipidU Stimulace ACTH
(hydrokortison) i valr oz oy
b4 protizanétlivé ucinky
U dospélych muzd
Zona ne podystatn Y
reticularis Androgeny Vétsina bunék vy P . y, . Stimulace ACTH
U déti a Zzen rust kosti, svalQ,
krvetvorba

Zvyseni srdecni aktivity,
centralizace obéhu,
Dren Epinefrin, norepinefrin | Vétsina bunék bronchodilatace, Sympatikus
glykogenolyza, regulace
glykémie




_STRES.__

CNS Hypothalamus

(sympatikus) l

Hypofyza

ACTH
| |
Dren nadledvin Kdra nadledvin

Adrenalin Kortisol

- krevni tlak, vazokonstrikce, zvyseni - Stépeni glykogenu

Ndechiitgkvenge - udrzeni stabilni hladiny glukézy v krevnim obéhu

- suprese imunitniho systému

Fight or Flight Chronicky stres
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Objev a detailni popis
pankreatickych ostrivk

res Swwplb Paul Langerhans
iy 2 Alpha cel 1847 — 1888)

Beitydge
zur mikroskopischen Anatomie der
Banchspeicheldriise.

THATGURAL-DISSERTATION,

ERLANGUNG DER DOCTORWURDE
™ oss

MEDICIN UND CHIRURGIE

TORGELLOT DER
MEDICINISCHEN FACULTAT
DER FRIEDRICH. WILHRELMS.UNIVERSITET
£U BERLIN

oup SrvasTiicm 39 vaRTRRIDISSR
¢ 3 ‘{;'!; : am 18, Pebruar 1869
F o sletois o or
> e Lange[ha,lg,% Paul Langerbans
™% 2 2 & E
& 28 Berlia.

OPPONENTEN,
. Loeillet de Mars, Dd. med.
O. Boltmans, Dd. med.
Paul Ruge, Stud. med.

e —— e ey

BERLIN.

BLMIELCRIREL YUN LLITAV LANGE.



On July 27, 1921, Sir Frederick Banting and Charles Best
g succeeded in isolating insulin from canine pancreases and

Objev endokrinni funkce ostrtivka ' thereby discovered the first effective treatment for diabetes
mellitus.

PROFESSEUR LAGUESSE

Prof. d’Histologie a la Faculté de Médecine de Lille.

. "' .
. . . ' 3 ‘.
- . il ML 2. BB " Rt 5
' . e
, Y. ¢
DESCHIENS, éditeur. —nt ; ¥ k'
' 2 i ~d e " : e

Laguesse E. Sur la formation des ilots de Langerhans dans le lzolace innicky pouiitelného insulinu
pancreas. Comptes Rend SocBiol 1893;5 (Series 9k.819-20




Zdravy ostrivek DIABETES MELLITUS |

B-cells producing insulin ]

Ab-anti insulin —Alexa Fluor

A-cells producing glucagon ]

Ab-anti glukagon —Texas Red



Hormone melatonin

This synthesizes

Contain pinealocytes

[ Cone-shaped gland in the brain ]

Size of a pea

[ Connected to the hypalh,alamus

[ 2 distinct regions of the gland
Anterior lobe Posterior lobe Pineal Gland

Pituitary Gland \

[ This is a growth hormone ] Endocrme System

[ Conserves water for the body ] L / /
[ Reduces Calcium levels in the hlood
Thy mu s Pa ncreas
Ad renal Gland
[ Located above your kidneys ] / / o Secretes digestive enzymes ] Glucose gets low in the blood ]

[ Helps maintain blood pressure ] Released when
[ Secretes glucagons and insulin ]"'

High glucose levels int he blood ]

This secretes this to the

Cerebospinal fluid

L el
This takes this into
Located in the neck

= Thyroxine

Thyroid Gland ___.[ Produces 2 hormones ] [ trilodothyronine ]

Epiphysis Cerebri

Pmd uces Thymosin

l Helps regulate metabolism I
l Helps balance insulin .

[ Helps slow the immune systems inflamatory response ]

Important

M

[ Role in the Immune System ]

m Contribute

secretes
/ 2 Hormones
Developement of Developement,/puberty
l \ Menstrual Cycle

[ Reproductive structure ] [ Estrogen ] [ Progesterone ]

N ¥
¥

Contribute to the developement and function
of the female reproductive organs and sex
[ Distribution of body hair ] characteristics.

Voice change

[ Skeletal and muscular growth ]




Dékuji za pozornost

Dotazy a komentare
pvanhara@med.muni.cz




