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Hypothalamo-hypofyzarni systém

A midsagittal view showing the inner boundaries of the lobes of the cerebral cortex
(Structures outside of the cerebrum are labeled in italics.)
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Hypothalamo-hypofyzarni systém

Hypothalamus

Hypofyza (pituitary gland, podvések mozkovy) ? adenohypofyza
neurohypofyza

Epifyza (pineal gland, siSinka)

Pineal gland

Infundibulum

Pituitary gland

(a) Spinal cord —_— (b)
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Hypothalamus

= u vSech obratlovcU, ¢lovék — cca 4 cm?® v mezimozku kolem Ill. komory

» infundibulum se zavesenou hypofyzou

= soucast limbického systému

= jadra v periventrikularni, medialni (nucleus supraopticus a paraventricularis)
a lateralni oblasti

» regulace télesné teploty, pfijmu potravy a tekutin (hlad a zizen), reprodukce,
emoci, cirkadialnich rytmu, fidi autonomni nervovy systém, zajiStuje spojeni
nervového systému s endokrinnim
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Endokrinni funkce hypothalamu

= jadra hypothalamu > axonalni transport > median eminence a pfestup do
portalniho systému (releasing faktory) > adenohypofyza a dalsi organy

= axonalni transport do neurohypofyzy > uskladnéni a uvolnéni do krve
(oxytocin, vazopresin)

Figure 18-7 The Hypophyseal Portal System and the Blood Supply to the Pituitary Gland
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Hypothalamus — liberiny a statiny

» liberiny (uvolnujici/releasing faktory) — tyroliberin / thyrotropin-releasing
hormone (TRH), kortikoliberin (CRH), gonadoliberin (GnRH; luliberin LHRH a
folikuly stimulujici hormon releasing hormon FSH RH), prolaktoliberin (PRH),
melanoliberin (MRH), somatoliberin (GHRH)

» statiny (inhibujici faktory) — somatostatin, folistatin, kortistatin

» dopamin (tyrozinovy derivat slouzici jako prolaktostatin)
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Liberiny a statiny: syntéza

» paraventirukularni jadra hypothalamu (GnHR - preopticke, GHRH a dopamin -
obloukovité)

TRH: preprohormon tvoren 242 AMK s 6 kopiemi -GIn-His-Pro-Gly- (pro-TRH
jako zasobni forma) > karboxypeptidazy, proteazy a dalsi enzymy > tripeptid TRH
(pyroGlu-His-Pro-NH.,) > median eminence > hypofyzalni portalni systém >
tyrotropni buriky v adenohypofyze

GnRH: preprohormon tvofen 92 AMK > dekapeptid (pyroGlu-His-Trp-Ser-Tyr-Gly-
Leu-Arg-Pro-Gly-NH,)

CRH: preprohormon 196 AMK > hormon 41 AMK
GHRH: 41 AMK; uvolnovan v pulzech (stfidano sekreci GHIH/SIH)

GHIH: alternativni sestfih preprohormonu na aktivni formy se 14 AMK
(hypothalamus a endokrinni pankreas) nebo 28 AMK (gastrointestinalni trakt)



Liberiny a statiny: axonalni transport

= anterogradni axonalni transport (kineziny)
= do krve prechazi v median eminence
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Liberiny a statiny: pusobeni a funkce

= pFedani signalu cilové bunce v adenohypofyze se mize uskutecriovat
u jednoho hormonu vice mechanismy, ale vétsinou je jeden z nich hlavni

GnRH, TRH:

» vazba na receptory sprazeneé s G proteiny > aktivace IP,/DAG drahy >
zvyseni intracelularni koncentrace Ca?* > aktivace kinaz (PKC) a bunéc¢na
odpovéd

GHRH, GHIH, CRH:

= vazba na receptory sprazené s G proteiny > aktivace adenylat cyklazy >
cAMP (méné pres IP,/DAG a dalsi drahy) > aktivace kinaz (PKA) >
fosforylace transkripcnich faktort CREB (CAMP response element-binding
protein) a bunécna odpovéd

Stimulacéné nebo inhibi¢né plisobi na buriky v adenohypofyze produkujici
tropni hormony, které negativné zpétnovazebneé reguluji produkci
hormont hypothalamu.



Dopamin (DA, PIH)

= syntéza v neuronech obloukovitého (arcuate) jadra hypothalamu a v malém
mnozstvi v nadledvinach

= katecholamin, derivat tyrozinu

» vazba na dopaminové receptory a zvyseni intracelularni koncentrace cAMP

= funguje jako neurotransmiter i neurohormon, ktery inhibuje uvolfiovani
prolaktinu z adenohypofyzy
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nervous system| of hormones

Indirect control through release
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Adenohypofyza (anterior pituitary)

Hormone

|Actions

Anterior Pituitary (adenohypophysis)

Growth hormone (GH, GRH, somatotropin,
STH)

Promotes body growth; other metabolic
effects

IAdrenocorticotropic hormone (ACTH,
corticotropin) — trophic hormone

Promotes secretion of cortisol and
related glucocorticoids from the adrenal
cortex

Thyroid-stimulating hormone (TSH,
thyrotropin) — trophic hormone

Promotes synthesis and release of
thyroid hormones and thyroid
hypertrophy

Luteinizing hormone (LH) (gonadotropin) —
sex hormone

Females: promotes ovulation and
luteinization of ovarian follicles
Males: promotes testosterone
secretion

Follicle-stimulating hormone (FSH)
(gonadotropin) — sex hormone

Females: promotes ovarian follicle
growth and maturation
Males: promotes spermatogenesis

Prolactin (PRL)

Females: stimulates milk secretion

Posterior Pituitary (neurohypophysis)

IAntidiuretic hormone (ADH, Vasopressin)

Promotes water retention in the kidney

Oxytocin

Causes uterine contraction in

pregnancy; promotes milk ejection

= glandotropni hormony
(ACTH, TSH, FSH, LH)
= aglandotropni hormony

(prolaktin, SH)
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Tropni hormony (tropiny): regulace

poloCas rozpadu

a degradace

liberiny a statiny
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Somatotropin (Growth hormone, GH): syntéza

= homolog prolaktinu a placentalniho laktogenu (lidsky choriovy
somatomammotropin)

» dva geny GH1/GH2 na chromozému 17

= vysoka sekvencéni identita genu spadajicich do somatotropin-prolaktinové
rodiny

» izoformy hormonuU produkovany alternativnim sestfihem

= jednoretézcovy polypeptid (hlavni izoforma 191 AMK)

= vazba na rustovy hormon vazajici proteiny (GHBP) a receptory

= rUstovy (anabolicky) a stresovy hormon

= zvySuje koncentraci glukozy a volnych mastnych kyselin v krvi, podporuje
tvorbu IGF-1 (insulin-like growth factor, somatomedin C) v jatrech
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| BN ] e
l
l:.- ! plhacental laciogan (FL)
| chiorionic semalotropim, C5)
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Somatotropin (Growth hormone, GH): regulace

Stimulace:

= somatoliberin z hypothalamu (pomér GHRH ku GHIH), ghrelin z Gl traktu
= androgeny a estrogen

= tvorba stimulovana nizkym GH titrem (primarné béhem dospivani)

» hypoglykemie (inhibice uvolfiovani GHIH), cviCeni, spanek

Inhibice:

somatostatin z hypothalamu a glukokortikoidy
pfi vysokém titru GH a insulin-like growth faktoru | (IGF-1 = jaterni
somatomedin C) = negativni zpétna vazba =

vysoka hladina volnych mastnych kyselin |
pfi hyperglykemii, obezité a spankové deprivaci 20-

GH (ug/l)

10 7

0
08 12 16 20 00 04 08

Hours

béhem dne uvolnovan v intervalech 3 az 5 hodin (5-45 ng/ml)
nejvice hodinu po usnuti



Somatotropin (Growth hormone, GH): pusobeni

a funkce

vSechny télni
organy
predevsim jatra,
kosti a svaly
rast, bunécna
proliferace
(mitogen),
regenerace
podporuje tvorbu
erytropoetinu

pusobeni pres rastové faktory
somatomediny (somatomedin C
neboli insulin-like growth factor-1)

Z jater

1) Release of growth hormone:
* Hypothalamus releases
growth hormone-releasing
hormone (GHRH)
* GHRH stimulates the anterior
pituitary to release growth
hormone (GH)

GH release

GHRH release

3) Inhibition of growth hormone:
* High IGF-1 levels perceived by
hypothalamus
* Growth hormone—inhibiting
hormone (GHIH) is released to
inhibit GH release
* GHIH inhibits GH release in the

anterior pituitary

:

2a) Glucose-sparing effect:

« Stimulates adipose cells

to break down stored fat,
fueling growth effects

Adipose cells

2b) Growth effects:
* Increases uptake of amino
acids from the blood
* Enhances cellular proliferation
and reduces apoptosis

Targets:

0 Bone cells

 Muscle cells

Nervous system
* cells

Immune system
cells

Liver releases
IGF-1, further
stimulating

growth effects

<
-

2c) Diabetogenic effect:
* GH stimulates liver to
break down glycogen
into glucose, fueling
growth effects

IGF-1 release




Somatotropin (Growth hormone, GH): pusobeni

a funkce

= vazba ne receptor v membrané (G protein) > dimerizace receptoru >
(1) aktivace MAPK/ERK drahy > déleni chondrocytt v chrupavkach > rast
do vysky
(2) aktivace JAK/STAT drahy > produkce insulin-like rustoveho faktoru
(IGF-1, somatomedin C — homolog proinzulinu) v jatrech > stimulace rustu
= zvySeni lipolyzy, glukoneogeneze, proteosyntézy, stimulace imunitniho
systému, zadrzovani Ca?* a mineralizace kosti, rust vnitfnich organua a
svalové hmoty a dalSi

Growth Hormone Actions

Indirect Direct
{wia 1GFz) l
I |

¢ Fat cells- lipobysis Liver, Muscle
Muscle- protein synthesis - carbohydrate

pr i metabolism
Fal cellz - lipolysis
Bone - growth & Glyeeral

cartilage synthesis Free fatty acids oo

Anti-insuiin diabetogenic actions



Somatotropin (Growth hormone, GH): pusobeni

a funkce

» GH stimuluje fosforylaci
STATS Janusovymi
kinazami (JAK2), ktery
po dimerizaci a
translokaci do jadra
aktivuje transkripci IGF-1
a serin proteazového

Inhibitoru 2-1
= JAK?2 aktiVUje MAPK Phosphorylation
drahu a fosforylaci ERK1 STATS ‘

a 2, které jsou

translokovany do jadra

@

Binding STATS5 dimer to DNA
activates target gene transcription

Nuclear
Translocation @ \ (
Spi2-1
IGF-I

Phosphorylation/activation
transcription factors




Somatotropin (Growth hormone, GH): patofyziologie

nadbytek pfi adenomu hypofyzy, vzacné pfi ektopickych tumorech nebo
nekontrolovaném terapeutickém podavani somatotropinu

nedostatek byva podminén geneticky nebo jako dusledek poskozeni sekreénich
bunek

pfed uzavérem epifyzarnich Stérbin: obfi vzrast (1) x nanismus (])

nadbytek po uzavéru $térbin: akromegalie, rast a zvapenaténi chrupavek a
meziobratlovych plotének, zvétSeni mékkych tkani (jazyk — makroglosie, jatra,
ledviny, srdce — angina pectoris, kliZze — vzrast produkce mazu a potu, utlacovani
nervl — syndrom karpalniho tunelu)

hyperglykemie, ktera muze pfechazet v diabetes mellitus

nadbytek napomaha rozvoji tumord

nedostatek po ukonceni rlstu nema tézké nasledky, oslabeni imunitniho systému



Somatotropin (Growth hormone, GH): patofyziologie
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Somatotropin (Growth hormone, GH):
rekombinantni hGH

GO, [F | CAN JUST GET YOU
MEN TO PROVIDE A
SMALL URINE GAMPLE..




Kortikotropin (Adrenocorticotropic hormone, ACTH):

syntéza

pre-pro-opiomelanokortin (285 AMK) > proteolyza > pro-opiomelanokortin
(POMC, 241 AMK) prekurzorem ACTH, melanotropinu (MSH), B-lipotropinu,
B-endorfinu a dalSich

tkanové specifické posttranslacni zpracovani POMC

glykosylace, fosforylace, acetylace, proteolyza subtilisin-like enzymy
(prohormon konvertazy; nejméné 8 stépnych mist)

kortikotropni buriky adenohypofyzy > ACTH (39 AMK) a B-lipotropin

(produkce melaninu, mobilizace lipidl, steroidogeneze) ,

Pro-opiomelanocortin (POMC)
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Kortikotropin (Adrenocorticotropic hormone, ACTH):

regulace a pusobeni

» rychla zpétnovazebna smycka (glukokortikoidy tlumi sekreci CRH) — minuty

= pomala zpétnovazebna smycka (glukokortikoidy inhibuiji transkripci POMC
genu a syntézu ACTH) — hodiny az dny

= poloCas rozpadu v krvi cca 10 min

= G protein > cAMP > PKA

(1) rychly efekt (minuty) — stimulace presunu cholesterolu do mitochondrii
(StAR, P4504-) a vychytavani lipoforinu kortikalnimi burikami

(2) pomaly efekt (hodiny) — stimulace transkripce steroidogennich enzymd
(napf. P450<) a mitochondrialnich gent zapojenych do oxidativni fosforylace

» ACTH produkovan spolu s CRH v odpovédi na biologicky stres

Mitlochondrign

P-d5lc, . + Preghensions —e-  Steroed

ATP
@ a
Inaciive PK
CAMP E}—.- | /

et P

Inactive CEH == actve CEH




Thyreotropin (Thyroid-stimulating hormone, TSH)

= glykoprotein (201 AMK; 26 kDa):
o podjednotka

- 92 AMK

- podobna lidskému choriovému gonadotropinu (hCG), folitropinu (FSH)
a lutropinu (LH)

- stimulace adenylat cyklazy a tvorby cAMP

B podjednotka

- 118 AMK
- jen u TSH > receptorova specificita

uhlovodikové postranni retézce

poloCas rozpadu kolem jedné hodiny

uvolhovan pulzné a predevsim v obdobi prudkého rustu a vyvoje
receptor hlavné na folikularnich burikach stitné zlazy

zvySuje prokrveni a latkovou vymeénu §titné zlazy a stimuluje produkci
tyroxinu a trijodtyroninu



Thyreotropin (Thyroid-stimulating hormone, TSH):

pusobeni

= zvySuje jodidovy transport do folikularnich bunék stitné zlazy (Na/K pumpa
za spotreby ATP vyCerpa Na* ven z bunky a |- s nim vchazi zpét do bunky =
sodikojodidovy synport)

= zvySuje produkci a jodovani tyreoglobulinu

= zvySuje endocytozu koloidu z lumen Stitné Zlazy do folikularnich bunék

= stimuluje proteolyzu jodovaného tyreoglobulinu a uvolnéni T, a T,

= stimuluje sekreci T, a T,do krve

TGFBI1, TNFa, IFN-y, IL-6, IL-1a, IL-1B,
ceramid, sphingomyelinase, iodide, estradiol,
T3, dexamethasone, Tg

-
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Thyreotro
pusobeni

pin (Thyroid-stimulating hormone, TSH):
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Lutropin (Luteinizing hormone, LH)

= gonadotropni hormon

» heterodimerni glykoprotein (a a f3 SRS
podjednotka) strukturné podobny TSH,
FSH a choriovému gonadotropinu

» podjednotky kddovany geny na ruznych
chromozdmech (B tvofi klastr spoleény
pro LH, FSH a hCG)

= polocas rozpadu 20 minut ovlivhén
oligosacharidy navazanymi na 3
podjednotce

» regulace GnRH, aktiviny, inhibiny a
pohlavnimi hormony (kromé GnRH reguluji
pouze expresi genu pro a jednotku)

= uvoliovan v pulzech

= pohlavni steroidy tlumi produkci LH




Lutropin (Luteinizing hormone, LH)

spousti ovulaci, vyvoj corpus luteum a produkci progesteronu u zen

= u muzl stimuluje Leydigovy buriky k tvorbé testosteronu (= intersticialni

buriky stimulujici hormon)
= pusobi pfes cCAMP
» synergie s FSH

in the testes and

in the ovaries.

(&) Effects of sex
hormone release:

N

LH and FSH trigger :}
testosterone production | A

Ovary

\\

estrogen production

©

Beginning at approximately
age 8, the hypothalamus
increases its production

of gonadotropin-releasing
hormone (GnRH).

 (2) GnRH triggers the

anterior pituitary to
release luteinizing

hormone (LH) and
follicle-stimulating

hormone (FSH).

Before puberty, the
hypothalamus and pituitary are
very sensitive to negative
feedback signals from
testosterone and estrogen.
During puberty, the sensitivity
of the hypothalamus and
pituitary to this negative
feedback decreases to levels
typically seen in aduits. This
change allows an increase in
the production of testosterone
and estrogen that stimulates
the development of secondary
sex characteristics.

| Spermatogenesis |

Male Secondary Sex
Characteristics:

* Penis and scrotum grow
« Facial hair grows

« Larynx elongates, lowering voice
« Shoulders broaden

» Body, armpit, and pubic hair grow
* Musculature increases body-wide

Female Secondary Sex
Characteristics:

» Breasts develop and mature
« Hips broaden

« Pubic hair grows

| Folliculogenesis |




Lutropin (Luteinizing hormone, LH)

= produkce pohlavnich steroidu

ERTE HYPOTHALAMUS MAE

Kiss1 Kiss1R GnRH
AVPV \ Ps POA
d :
(+) =)
Kiss1
SN
» E N2
ARC
y

(+/-)

Estrogens
Progesterone




Folikulotropin (Follicle-stimulating hormone, FSH)

glykoprotein (35,5 kDa)

heterodimer: a a B podjednotka

strukturné podobny LH, TSH a choriovému gonadotropinu (identicka a
podjednotka)

poloCas rozpadu 3 az 4 hodiny

gonadotropin (spolupusobi s LH)

stimulace GnRH, regulace proteinovymi komplexy aktivinu a inhibinu

pusobi pfes cCAMP

regulace rustu a vyvoje, pohlavniho vyzravani a reprodukcnich procesu
stimuluje zrani zarode¢nych bunék u samcu i samic

v Sertoliho burikach sekrece androgen vazajicich proteinu

zahajuje rust ovarialnich folikult (mitéza a tvorba folikularni tekutiny)



Folikulotropin (Follicle-stimulating hormone, FSH)

pfres PKA dochazi k aktivaci mitdzy, produkce folikularni tekutiny, LH a FSH
receptoru a premény androstendionu na estron (P, aromataza) a dale na
estradiol (17B-HSD), tj. syntéza pohlavnich steroidu

ﬂ.ﬂ'ﬂ'ﬂN | FSH |

ADEP«I".IH'I'II ETCI.!ISE

, WA 1
? .)_l_l\. g/\ /rwwv‘\

m
a /® DIFFERENTIATION
Btk 1) 4 Follicular Fluid
2) 4 Gap Junctions
—1 ACTIVIN GENE 3) 4 LH Receptor
4) 4 FSH Receptor
X 5) 4 P45p Aromatase

Folikularni bunka



Prolaktin (PRL, luteotropin)

= peptidovy hormon s tfemi disulfidickymi mustky

= jediny gen PRL na chromozému 6 (pfibuzny GH)

» mnozstvi posttransla¢nich modifikaci (dominantni neglykosylovana forma)
= obvykle nékolik izoforem (198 AMK, 22 kDa az 150 kDa)

* mozna interakce nékolika molekul prolaktinu

= veétsi formy maji mensi biologickou aktivitu

= sekretovan v pulzech po jidle, pareni, aplikaci estrogenu, ovulaci nebo pfi
péci o dité (aktivace mechanoreceptoru pfi kojeni + oxytocin)

= tyroliberin (TRH) stimuluje tvorbu prolaktinu; estrogeny podporuji rist bunék
produkujicich prolaktin

» regulovan primarneé inhibiéné dopaminem (PIH) z hypothalamu



Prolaktin (PRL, luteotropin): pusobeni a funkce

Differentiation  Survival Proliferation
Proliferation Anti-Apoptosis  Growth

Nucleus

Figure 1: Key prolactin-mediated signaling pathways

" po navazani na receptor dimerizace a transdukce signalu jako GH

= endokrinni, parakrinni a autokrinni pusobeni (cytokine-like — hematopoéza,
angiogeneze)

= spousti rust mlécnych zlaz a laktaci, regulator imunity, ristu a vyvoje celkové

» matefské chovani, sexualni refrakterni perioda, slaby gonadotropin (ale
zaroven tlumi pulzni uvolhovani LH a FSH, jejich bazalni hladinu neovlivhuje)



Prolaktin (PRL, luteotropin): pusobeni a funkce

hnizdni nazina

= stimuluje rodiCovské chovani, produkci tzv. holubiho mléka ve voleti (holubi),
prip. jicnu (plamenaci, tucnaci), spolecne s estrogeny se podili na vzniku
hnizdni naziny



Prolaktin (PRL, luteotropin): patofyziologie

= nadbytek prolaktinu pfi nadorech produkujicich hormony (prolaktinomy)
nebo po podani antidopaminergnich Iéku

» nadbytek prolaktinu vede ke snizeni sekrece lutropinu a folikulotropinu >
hypogonadismus (snizena funkce gonad) > nedostatek estrogenu a
androgenu

= amenorea (poruchy menstruace)

= galaktorea (tvorba a vyluCovani mléka mléCnou zlazou mimo obdobi kojeni)

= ztrata libida

= impotence



Neurohypofyza (posterior pituitary)

Syntetizovany v hypothalamu!
V neurohypofyze uvolhovany do krve.

Secreted hormone Abbreviation Produced by

Magnocellular

neurosecretory cells of the

Oxytocin OXY or OXT

paraventricular nucleus
and supraoptic nucleus

Magnocellular and
parvocellular

Vasopressin neurosecretory cells of the

. . ADH or AVP )
(antidiuretic hormone) paraventricular nucleus,
magnocellular cells in

supraoptic nucleus

Effect

Uterine contraction
Lactation (letdown reflex)

Increase in the permeability to water of the cells of distal tubule and collecting
duct in the kidney and thus allows water reabsorption and excretion of
concentrated urine

1. ADH and oxytocin are X 5 1. Stimulator and inhibitor R
thesised in the body 1 \ hormones are released !
synthesised in
of the nerve cells within PR from the body of the nerve TF
the hypothalamus. / cells in the hypothalamus.
2. These secretions £

2. The neuron that
secretes ADH and 2

are first absorbed 2
by capillaries in the

oxytocin moves i hypothalamus
downwards from \ base. 3. Secretions
the axon and gathers are transported
at theaxon 5. Hormones by blood vessels
Hos leave the pituitary ct:pﬁ;: r:e::;:ork
gland through small t
ol 4. Gland to / vessels connected to the 4 in the anterior
axo,,f':o the posterior th i 4 general bloodstream. 4. Stimulatoror ~ lobe of the
lobe of the bl:o%i:;am inhibitor hormones ~ Pituitary gland.
ituitary gland, - leave the capillaries
znter trhyegbloo& and affect the pituitary
from here. gland cells that secrete
' hormones.
A
Hormones
depart
through a
blood vessel
joining the
pituitary. The
level of extracellular
fluid rises.

/ I\
ACTH TSH Pl LH PRL

»! 17

Mammary
glands

8 1o
Urine collection Ul
channels in the

kidneys

Smooth muscles
above the uterus

Adrenal
glands

Reproductive
glands

Mammary
glands

Thyroid
glands



Superrodina oxytocin a vazopresin neuropeptidu

Vertebrate Vasopressin Family

Cys-Tyr-Phe-GIn-Asn-Cys-Pro-Arg-Gly-NH»>

Argipressin (AVP,
ADH)

Most mammals

Cys-Tyr-Phe-GIn-Asn-Cys-Pro-Lys-Gly-NH3

Lypressin (LVP)

Pigs, hippos, warthogs, some marsupials

Cys-Phe-Phe-GlIn-Asn-Cys-Pro-Arg-Gly-NHy

Phenypressin

Some marsupials

Cys-Tyr-lle-GIn-Asn-Cys-Pro-Arg-Gly-NH»

Vasotocint

Non-mammals

Vertebrate Oxytocin Family

Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NHs

Oxytocin (OXT)

Most mammals, ratfish

Cys-Tyr-lle-GIn-Asn-Cys-Pro-Pro-Gly-NH;

Prol-Oxytocin

Some New World monkeys, northern tree shrews

Most marsupials, all birds, reptiles, amphibians, lungfishes,

Cys-Tyr-lle-GIn-Asn-Cys-Pro-lle-Gly-NH, Mesotocin coslacanths
Cys-Tyr-lle-GIn-Ser-Cys-Pro-lle-Gly-NH4 Seritocin Frogs
Cys-Tyr-lle-Ser-Asn-Cys-Pro-lle-Gly-NH», Isotocin Bony fishes
Cys-Tyr-lle-Ser-Asn-Cys-Pro-GIn-Gly-NH» Glumitocin skates
Cys-Tyr-lle-Asn/Gln-Asn-Cys-Pro-Leu/Val-Gly-NH3 Various tocins Sharks

Invertebrate VP/OT Superfamily

Cys-Leu-lle-Thr-Asn-Cys-Pro-Arg-Gly-NHy

Diuretic Hormone

Locust

Cys-Phe-Val-Arg-Asn-Cys-Pro-Thr-Gly-NH5

Annetocin

Earthworm

Cys-Phe-lle-Arg-Asn-Cys-Pro-Lys-Gly-NH»

Lys-Connopressin

Geography & imperial cone snail, pond snail, sea hare, leech

Cys-lle-lle-Arg-Asn-Cys-Pro-Arg-Gly-NH

Arg-Connopressin

Striped cone snall

Cys-Tyr-Phe-Arg-Asn-Cys-Pro-lle-Gly-NHy

Cephalotocin

Octopus

Cys-Phe-Trp-Thr-Ser-Cys-Pro-lle-Gly-NH»

Octopressin

Octopus

tVasotocin is the evolutionary progenitor of all the vertebrate neurohypophysial hormones. 7!



Oxytocin: syntéza, uvolnéni a transport

= gen OXT koduje oxytocin/neurophysin | prepropeptid

» enzymaticka hydrolyza na koncové produkty

= nonapeptid s disulfidickym mustkem: Cys-Tyr-lle-Glu-Asp-Cys-Pro-Leu-Gly

= nucleus paraventricularis a supraopticus (mensi mnozstvi tvofeno také v
corpus luteum, placenté, Leydigovych bunkach, sitnici, dreni nadledvin,
brzliku a slinivce)

= stimulem roztazeni delozniho hrdla a délohy béhem porodu, stimulaci
bradavek béhem kojeni

= estradiol zvySuje sekreci i expresi receptort oxytocinu napf. v amygdale

= kofaktor vitamin C

= v neurohypofyze vazba na polypeptid neurophysin | (10 kDa, 90-97 AMK)

» skladovan na koncich axonu (Herring bodies) spolu s neurophysinem a ATP

= stimul > akéni potencial ze zdrojovych bunék > depolarizace konce axonu >
exocytoza



Oxytocin: regulace

= syntéza receptoru

* neuromodulatory

= pozitivni zpétna vazba

= oxytocinazy v jatrech a dalSich organech
» exkrece zluCova a ledvinova

a) Non-pregnant b) Late pregnant c) Term sgnals from
birth canal
GABA lp—— 1AP~
noradrenaline
i 7 noradrenaline

Oxytocin = * ' p dendrite
neurone &
(SON/PVN)

A \ ¢ A nerve terminal
K-0pioid 5 (posterior pituitary) I -optad S {posterior pituitary) -opioid 9 (posterior pituitary)

waﬂ% Or:g::(i’n \ 10xytocm \ Oxytocm_@_’ Parturition

release



Oxytocin: pusobeni a funkce

= vysokoafinitni receptory spfazené s G proteiny (rhodopsin-type, class I),
napf. na hladkych svalovych burikach > IP,/DAG draha > mobilizace Ca?* >
aktivace kontraktilnich proteind

» sani kojence > paterni nervy > hypothalamus > pulzni akéni potencialy
oxytocin produkujicich bunék > uvolnéni ox. do krve > stimulace prsnich zlaz

» pusobi pfes periferni nervy a v mozku (krevné mozkova bariéra)

from
ovaries

from fetus
and mother's
posterior pituitary

Induces oxytocin
receptors on uterus

Positive feedback
Positive feedback

Stimulates uterus
to contract

Stimulates -
placenta to make

fi‘;';'r“;:':;:t’;cmm Positive feedback mechanism

g uterus continues to cycle until interrupted
= = at when baby ceases to suckle




Oxytocin: pusobeni a funkce

Oxytocin docking in receptor Gln4 )
on an oxytocin neuron dendrite / ;O GlyNH,®

Plasma I3 [
membrane bal
l } 0,0, o
, | e Wi
[ /_‘;c—u:;t;: ; “' ___ [~
P GRK o o \'k' )
PGFz«.' Gy /&arrestm Ca?+ (a8 8 .\- __/
— /G \ Internalization l s / Exocytosis
| PGE | o MAP»\P \ PIP, \Pdming
KC

| } COX-2 . Ca?* . BB\
ank 5 Ca2* '\DAGI u?s » 'L@J

g‘_‘"’_l: _£ Endoplasmic reticulum ‘ it

aabAG
v
‘ Endocannabinoid i

= Kkontrakce svall reprodukéni soustavy, mize stimulovat exkreci sodiku v
ledvinach (vysoké davky > hyponatremie)

= reprodukéni chovani (sexualni vzruseni, bonding, matefské chovani)

» zasahuje do patologii — osteoporéza, diabetes a dalsi



Vazopresin / antidiureticky hormon (ADH): syntéza,

uvolneéni, transport a regulace

» oznacovan také jako arginin vazopresin (AVP) a argipresin

» na stejném chromozomu (20) jako oxytocin, geny blizko sebe

= od oxytocinu se liSi ve dvou AMK (izoleucin/fenylalanin na pozici 3,
leucin/arginin na pozici 8)

= supraoptické a paraventrikularni jadro hypothalamu

= uvolfiovan pfi poklesu krevniho tlaku a objemu krve (dehydratace > malo AP
z kardiopulmonalnich baroreceptort > sekrece ADH), v reakci na koncentraci
rozpusténych latek v krvi (osmoreceptory v hypothalamu), stimulace
angiotenzinem |l pres jeho receptory v hypothalamu

= vstupy z mozkového kmene pres noradrenergni neurony nebo primo
neurony z okoli supraoptického jadra

= neuromodulatory GABA, glutamat, noradrenalin, dopamin, serotonin a
acetylcholin

= skladovan na koncich axonu (Herring bodies) oddélené od oxytocinu

= uvoliovan v neurohypofyze

» polocCas rozpadu kratky 16—24 minut

= v neurohypofyze vazba na polypeptid neurophysin 1l (19,6 kDa, 95 AMK,
tvofi dimery)



Vazopresin /[ antidiureticky hormon (ADH): pusobeni

a funkce

= cilem hlavné vazomotorika a ledviny, zfejmé také mozek (chovani)
= V, receptory (hladka svalovina cév) a V, receptory (sbérné kanalky)

Hyperosmolarity Angiotensin Il

Decreased atrial

Sympathetic
receptor firing

stimulation

Vasopressin
Po vazbé ADH na V, V4 Vo
se uvoliuje endotelin 1.

Increased Systemic Increased
Vascular Resistance Blood Volume

‘ Increased \

Arterial Pressure



Vazopresin /[ antidiureticky hormon (ADH): pusobeni

a funkce

= vazba na G protein > cAMP > pfitomnost aquaporinl v ledvinovych kanalcich
(+ regulace tvorby mocovinovych transportérd) > snizena tvorba moci >
zvySeny objem krve > vySSi arterialni tlak

Collecting

Filtrate
300 mOsM

Exocytosis
of vesicles

Cross section of
kidney tubule

Collecting duct cell

)

600 mOsM

Storage vesicles

e Aquaporin-2
water pores

(2]

%) Q QO—

signal

*

cAMP

Second
messenger

¥ |

\

Medullary
interstitial
fluid

600 mOsM

e

A

©

asopressin
receptor

|

5

Vasa
recta

Vasopressin binds to
membrane receptor.

Receptor activates cAMP

) second messenger system.
700 mOsM

Cell inserts AQP2 water
pores into apical membrane.

Water is absorbed by

Vasopressin
osmosis into the blood.

O

—© =© O ©
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Vazopresin /[ antidiureticky hormon (ADH): pusobeni

a funkce

= vazba na G protein > IP,/DAG draha > zvysSeni arterialniho tlaku
» fyziologické koncentrace ADH obvykle pod vazoaktivni hranici

(hemorrhagicky Sok)
AVP
i
e

Vascular Smooth
Muscle Cell

Proteinkinase C
Phospholipase C
B

/ o / \
PIP IP,+DAG =
GDP 2 3 e e
8==5

Ca2+ rl vottzagegated n Ca2+
Sarcoplasmatic ” ot L; | Ca?* channel |
Nitric Reticulum Caz* Ca _-EBJ
Oxide Ca2* Ca? ==

operated Ca2+

cGMP Kinase v channel
< | Vasoconstriction | Lﬁj
@ Myosin__Actin E%%
Myosin h‘H“'H‘H- , B —

Phosphatase  _, [MVasodilatation_|

L

Atrial
Natriuretic
Peptide




Vazopresin / antidiureticky hormon (ADH): nadbytek

zvySena syntéza ADH v hypothalamu vlivem stresu, tvorba v ektopickych
nadorech

bolest, stres

snizené vylucovani vody (oligourie):

> pokles mimobunécné osmolarity a vznik zdufelych bunék (rizikem napf.
mozkovy edém)

> tvorba mocovych kamenuU v koncentrované mogci (urolitiaza)




Vazopresin / antidiureticky hormon (ADH): nedostatek

= geneticky podminény (diabetes insipidus centralis = onemocnéni zpusobené
nedostate¢nou tvorbou ADH na urovni hypothalamu)

= autoimunitni poskozeni neuront produkujicich antidiureticky hormon

= chlad, alkohol

= Spatna funkce ledvin, napf. pfi zanétu drené ledvin (diabetes insipidus renalis)

= vymeésovani velkého mnozstvi malo koncentrované mog¢i (polyurie; od mirné
zvysené ~3 |I/den az po vyraznou ~15 l/den):
> svraStovani bunék (hypertonicka dehydratace)
> kompenzace zvySenym pitim (polydipsie; pocit zizné nemusi byt
zachovan pfi poSkozeni hypothalamu)

= |éCba syntetickym analogem ADH desmopresinem (pusobi pouze proti diabetes
insipidus centralis)



Epifyza (sisinka, corpus pineale, glandula pinealis,

pineal gland)

= podobna borovicove SiSce, u Clovéka velka asi jako zrnko ryze (5 - 8 mm)

= v epithalamu mezi obéma hemisférami v kontaktu s tfeti komorou

» Kkalcifikace béhem starnuti

= z evoluéniho hlediska atrofovany fotoreceptor (u obojzivelnikt a plazu
spojena se svétloCivnym organem - parietalni oko haterii)

=  misto, kde sidli duse“ (René Descartes)

= produkce melatoninu

= cirkadialni a sezénni rytmy

pineal gland




Melatonin (MT): syntéza

= N-acetyl-5-methoxy-tryptamine

= také u rostlin (tvofen v odpovédi na oxidativni stres)

= synchronizacni hormon (receptor melatoninu) a antioxidant (ochrana jaderné
a mitochondrialni DNA)

= produkovan pinealocyty (vybézky cytoplazmy do krevnich cév v okolni tkani)

= svétloCivné bunky sitnice > suprachiasmaticka jadra > paraventrikularni jadra
> patefni micha > ganglia sympatiku > epifyza

= odvozen od tryptofanu, syntéza pres serotonin

H
o i S-hydroxy-L-tryplophan
M
Tryptophan P dacarbey
C[f Hydroxylase HO ML.NHE- = D“m
\__NH N | pLP
L / o7 ~oH -::D._,
#~0H { ‘,‘
4-tydrory- 5-hydroxy-L-tryptophan sen:ﬁonln
oRygen tetrahdrobiopterin a
tetrahydrobioplerin g
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Serofonin N-acetyl
transferase
CoA-SH =—
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/J\‘ hydroxyindale O- math;rl
transterase 1/
e N Ve
e HN "

a S-adnnnesyl g,a.,M "
L-homocysteine o
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Melatonin (MT): regulace a degradace

= prochazi pfes membrany bunék

» regulace noradrenalinem, ktery zvysSuje koncentraci cCAMP v pinealocytech >
aktivace cAMP dependentni PKA > fosforylace serotonin N-acetyltransferazy
> pfemeéna serotoninu na melatonin (za tmy)

» zastaveni noradrenalinové stimulace a rychla proteolyza melatoninu (za
svetla)

= tvorba melatoninu zavisi na vinové délce svétla; modre svetlo (460-480 nm)
tlumi syntézu melatoninu umeérne intenzité a délce osvetleni

= androgeny inhibuji enzymy degradujici melatonin; melatonin zvySuje syntézu
a sekreci gonadostatinu a tim pokles LH a FSH

= metabolizovan v jatrech a vyluCovan ledvinami




Melatonin (MT): pusobeni a funkce

Synchronizace rytmu (cirkadialnich i sezénnich):

podporuje aktivitu no€nich zivocichu a spanek diurnalnich druht véetné
Clovéka

zmény v denni délce produkce melatoninu zakladem sezonnich rytma
(chovani, reprodukce, rust, zmény zbarveni apod.)

pres membranoveé receptory MT1 a MT2 inhibuje adenylyl cyklazu a tvorbu
CAMP (ovlivnéni hypothalamo-hypofyzarni osy)

1801 ) 5-10 years
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Melatonin (MT): pusobeni a funkce

TABLE 1. Intracellular effects of melatonin in various tissues

Membrane
Cell/Tissue cAMP cGMP DAG/PKC AA InsP, [Ca™], Potential c-Fos P-CREB
Amphibian melanophores 1)
(1,385)
Amphibian optic tectum i
(387)
Chicken retinal cells 1
(149, 150)
Chicken brain 1) T
(241) (256)
Neonatal rat pituitary 1) 1) 1 1) 1 T i
(366) (366) (367) (367) (359, 361) (360) (327)
Suprachiasmatic nucleus T T T
(rat) (205) (153) (162)
Rat hypothalamus i 1
(345) (345)
Rat circle of Willis artery 1
(43)
Rabbit ciliary body 1)
(249)
Rabbit cortex !
(303)
Ovine pars tuberalis cells i) No i i
(228) (225) (283) (209, 210)
3T3 cells expressing MEL,, 1) T T
(108) (108) (108)

AA, arachidonic acid; PKC, protein kinase C; [Ca®"];, intracellular free calcium concentration; P-CREB, phospho-cAMP-responsive element
binding protein; DAG, diacylglycerol; InsPs, inositol trisphosphate; T, increase; 1, decrease; no, no effect. Reference numbers are given in parentheses.



Melatonin (MT): pusobeni a funkce

Antioxidant:

= receptory v cytosolu a jadie bunék (aktivace antioxidacnich enzymu jako jsou
superoxid dismutazy, glutation peroxidazy a glutation reduktazy)

= velmi u€inny scavenger volnych radikalt (kaskadovity efekt)

= ycCastni se vimunitnich procesech (zfejmé pres vysokoafinitni MT1 a MT2
receptory)

Melatonin (MT): patofyziologie

= poruchy cirkadianniho rytmu a insomnie
» viz pfiloha ve studijnich materialech

MELATONIN ZNAME 50 LET. CO O NEM ViME
A JAK JEJ MUZEME POUZIT?

prof. MUDr. Karel Sonka, DrSc., prof. MUDr. Sofia Nevéimalova, DrSc.
Neurologicka klinika 1. LF UK a VFN, Praha



Melatonin: pusobeni a funkce

(pineajl-deriVed: and IOcaIIy-'prod'uced
in many cells)

« Detoxification « Immune modulation «Seasonal reproduction Protection against:
» Enzyme regulation « Antioxidant enzyme < Retinal physiology « lonizing radiation
« Etc. regulation « Circadian modulation  « UV radiation
« Etc. « Sleep promotion « Ischemia/reperfusion
« Bone growth » Heavy metal toxicity
« Blood pressure « Alcohol toxicity
modulation « Drug toxicity

e Etc. « Etc.



