GLANDULA PINEALIS

CIRKADIANNI RYTMY
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Biorytmy - chronobiologie

* Rytmus:

— urcita funkce Ci biologicka proménna je v néjake fazi
a za urcitou stejnou dobu se do této faze opét vraci;
Se nazyva

— perioda rytmu: doba, ktera uplyne, nez se opét
funkce Ci biologicka proménna dostane do stejné
faze



* Déleni rytmu podle period:

— ultradianni: perioda je vyrazné kratsi nez 24 hodin
(od nékolika sekund az po 20 hodin); priklady: rytmy
v dychani, v nervoveé Cinnosti

— cirkadianni: rytmy zhruba 24-hodinové; priklad:
rytmus spanku a bdéni u clovéka, u zvirat jde o
rytmus v tzv. lokomocni aktivité — zvirata s
pohybovou aktivitou ve dne nebo v noci

— infradianni: perioda je vyraznée delsi nez 24 hodin;
priklad: menstruacni cyklus zen, estralni cyklus
u zvirat (cirkaseptanni=7dni, cirkavigintanni=14dnu,
cirkatrigintanni, cirkalunarni, cirkaanularni)




dle casového hlediska uvolnovani hormonu:

Stala sekrece — hormony stitné zlazy

Pulzni sekrece — GnRH (gonadoliberin)

Sekrece dodrzujici cirkadianni rytmus (priblizné
24hodinovy) = hormony z kury nadledvin

Sekrece s mésicnim kolisanim = zenské pohlavni
hormony

Sekrece ,on demande” (dle potreby) — napr.
inzulin: regulujici hladinu glukdzy v krvi




Zaznam dychani
a vin v obéhovych parametrech
(Pendzuv plethysmomanometr)
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U clovéka: cirkadianni rytmus
Endogenni s periodou rytmu:25+1,5 hodiny

Je synchronizovan pomoci exogennich vlivu
(napr. stridanim svétla a tmy nebo teplotnim
cyklem, cyklem v prijmu potravy Ci socialnim
stimulem) na 24hodin

Nejdulezitéjsi exogenni udavatel ¢asu pro
24hod synchronizaci je jasné svétlo:

vstupni draha: retinalni gangliové bunky

(novy fotopigment-melanopsin) pres tractus

retinohypothalamicus do suprachiasmatického
jadra (SCN)
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Hlavni oscilator: SCN

e SCN —je parova struktura s vysokou hustotou
bunek, lokalizovana primo na vrcholu chiasma
opticum
— U Clovéka - 50 000 neuronu (u hlodavct 20 000)
— Hraje zasadni roli v generovani cirkadiannich

rytmu
— dokazano na zvirecich experimentech



Vystupni drahy

e Neuronalni nebo humoralni

* +Anatomické multisynaptické drahy k
perifernim orgadnum — srdce, jatra, ledviny

* +Humoralni pusobky a metabolity

prispivaji k regulaci perifernich cirkadiannich
oscilatort (mimo SCN)



Jak funguji vnitrni hodiny:
transkripcneé-translacni regulacni smycka

 Hodinové geny -, Period genes” (PER) —prvni geny prevzaté
od musky octomilky(drozofily) do lidské riSe (Konopka a
Benzer, 1971)

 Neurony v SCN maji zapnutou transkripci tzv. hodinovych
genu, které koduji proteiny CLOCK, BMAL1, PER 1-3

e CLOCK a BMAL1 spolu vytvori dimer, v podobé dimeru
funguiji jako transkripcni faktor s aktivaci gent pro PER1-3;
az jsou proteiny PER1-3 nasyntetizovany, vytvori trimer,
ktery nasledne inhibuje schopnost CLOCK a BMAL1 tvorit
dimer - snizeni jejich vlastni tvorby do doby nez jsou
bunkou odbourany (negativni zpétna vazba) - cely cyklus
pak zaCina znovu (délka jeho trvani je 25hodin)



PER — period gene
CLOCK — circadian locomotor output cycles kaput

BMAL1 (ARNTL) — brain and muscle aryl hydrocarbon
receptor nuclear translocator

PAS domena — PER-ARNTL-SIM
E-Box —controlled genes
CRY genes — cryptochrome
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Jak funguji vnitrni hodiny

e Pritomnost hodinovych proteinu v bunce
ovlivauje jeji membranovy potencial a ten ma
zpetne vliv na syntézu a funkci jednotlivych
proteinu

* (v SCN je spousta bunék, tézko lze nastavit tak, aby vSechny burky
syntetizovaly hodinové proteiny stejnou rychlosti, ale zmeény
membranového potencidlu jedné burky ovliviuji membranovy potencial
dalSich bunék a na druhou stranu zmény membranového potencialu
ovliviauji i transkripci hodinovych geni - timto zplUsobem je syntéza v SCN
synchronizovana)
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Synchronizace s vnéjsimi hodinami

* Pomoci epifyzy a jejiho hormonu melatoninu
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 Mikrostruktura epifyzy:

: slozena ze 2 typu nervovych bunék — pinealocytu =
specializované sekrecni neurony + gliové podpurné bunky

: bohaté krevni zasobeni — kapilarni sit kolem pinealocytl
: inervovana z mnoha casti mozku, hlavni spoje jsou:

se suprachiasmatickymi jadry (SCN)

s retinou

se sympatickym nervovym systémem
multisynapticka sympaticka draha: paraventrikularni jadro
v hypotalamu + hornim krénim sympatickym gangliem —
SCG; uvolnuje noradrenalin z epifyzy - beta adrenergni
receptory —stimulace cAMP-aktivace genové exprese genu
kodujiciho AA-NAT=arylalkylamin-N-acetyltransferazu



Synchronizace s vnéjsimi hodinami

 Pomoci epifyzy a jejiho hormonu melatoninu

* Melatonin — derivat tryptofanu — 4stupnova
biosyntéza - serotonin+dalsi Upravy (N-acetylace
a metylace na OH skupiné)

e Za N acetylaci je odpovéedna arylalkylamin-N-
acetyltransferaza - aktivita tohoto enzymu je
ovlivhovana svetlem -svou funkci vykonava

pOu Z€ V NOCI (epifyza ma spoje se sitnici, které zajigtuji informaci o p¥itomnosti &i
nepritomnosti vnéjsiho svétla)
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Melatonin - funkce

e Resetuje SCN (synchronizuje tak nase vnitrni

nodiny s vnejsim svétem)

* |Indukuje spanek (spravné se melatonin tvori
pouze v noci a jeho zvysena hladina ma tzv.
hypnoticky efekt

e Ovlivnuje sexualni chovani (dulezité u zvirat,
zmeny hladiny melatoninu v prubéhu roku
navozuji napf. riji)




Melatonin — pleiotropni ucinek
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FIGURE 4. Some of the numerous actions of melatonin in mammals

Melatonin has both receptor-dependent and receptor-independent actions. The indole binds to well
known membrane receptors (MT1 and MT2) and, via several signal transduction pathways, influsnces a
host of physiclogical effects. MT1 and MTZ may homo- andfor heterodimerize in some cases, and
they may interact with nuclear receptors (binding sites). There is considerable debate regarding the
existencefunction of the ocrphan nuclear melatonin receptors ROR and RZR. The oytosolic receptor,
FATZ, is a detowifying enzyme, quinones reductase Z. Receptor-independent actions are mediated by
the ability of melatonin and its metabolites to scavenge reactive cooygen (ROS) and reactive nitrogen
spaecies [RMS). Thess actions allow melatonin to protect against a wide variety of toxins and processes
that generate highly toxic reactants. Any cell can simultanecusly respond to melatonin by both its re-
ceptor-mediated and receptor-independent actions. Many of the doocsmented physiological and mo-
lecular actions of melatonin are not listed in this figure. Additionally, the figure does ot include
malatonin functions in nomvertebrates or in plants.

(Reiter at al. 2014)



Melatonin — vliv na anualni rytmy

e V prubéhu rocnich obdobi také dochazi ke
kolisani délky dne a noci —v zimeé —
dlouhodobé je zvysena hladina melatoninu —
dochazi tak k vnitrni desynchronizaci - spojeni
s tzv. sezdnnimi depresemi — ,seasonal
affective disorder”



Spoje SCN a periferie

Pomoci nervovych a humoralnich signalu — nejvice prozkoumané

SCN — spoje s paraventrikularnim jadrem hypotalamu-produkce
liberinu a statinu....hormony hypothalamu a hypofyzy — vyrazné
cirkadianni rytmy

SCN — dorzomedialni hypotalamus a nucleus arcuatus — regulace
prijmu potravy

SCN a dalsi organy: komunikace pres autonomni nervovy systém-
sympatikus a parasympatikus=vyznamny vystup pro
synchronizaci perifernich oscilatoru (srdce, jatra, ledviny a dalsi)

Difuzibilni latky — transformuijici rastovy faktor nebo prokineticin
Nejuniverzalneéjsi posel — glukokortikoidy
Nejlépe prostudovany endokrinni rytmicky signal je melatonin



Poruchy cirkadiannich rytmu

* Poruchy spanku

(u starsich lidi neni jasny a prudky vzestup hladiny
melatoninu pri setmeéni)

- sleep delay (zpozdéné usinani)-problém v noci
usnout, rano se Spatne vstava. Lécba: podava se
melatonin v dobe, kdy chce usnout

- phase advance (posun faze dopredu)-usinaji bez
problému, ale drive, pak se rano probouzi prilis brzy
(nemohou dospat). Lécba: ozareni jasnym svéetlem v
dobe, kdy chce usnout, ale mél by byt jesté vzhuru



Nemoc cestovatelti — JET LAG syndrom

* Projevi se pri cestovani pres vice casovych pasem
najednou

 doma, odkud odlétaji, je epifyza a SCN synchronizovana
— pri preletu pres casova pasma dojde k
desynchronizaci: SCN nastaveno jako doma, ale epifyza
udava jiny rytmus svetlo-tma-po néjakée dobeé se opeét
synchronizuji

 Pomoc rychlejsi adaptaci: pred cestou — v letadle-
nekolik dni po priletu — brat melatonin v dobeg, kdy si
dle nového Casu prejeme jit spat

* Na zapad — fazové zpozdovani — v astronomickém case
se vracime zpatky, na vychod — fazoveé predbihani;



Zdravotni problematika

* Prace na smeény

- Unava, poruchy spanku, vfedova choroba,
castejsi vyskyt onkologickych diagnoz,
hypertenze, infarkt myokardu.....

Pfi lécbe — dulezity i cas podani [éku



rodents humans

Glucocorticoids 4- -———— cElEhE
Figure 2
Interaction of central and peripheral clocks in the regulation of GC Synchrony between HPA axis activity and adrenal ACTH gating results in
secretion. The SCHN innervates the PVMN from where rhythmic CRH release high amplitude and robust circadian GC rhythms. GC rhythms are phase-
triggers secretion of ACTH from the pituitary (PIT). At the same time shifted between nocturnal and diurnal species indicating differential
autonomic innervation (AMNS) of the adrenal resets adrenocortical interpretation of SCHN signals at downstream targets.

clocks regulating sensitivity of the stercidogenic machinery to ACTH.

(Tsang at al. 2014)



rodents humans

[ .

Melatonin

Figure 3

Melatonin release from the pineal is driven by the SCN pacemaker. The SCN contribution of a potential pineal clock to melatonin production has not
innervates the PVN from where autonomeous fibres descend into the spinal been demonstrated. Unlike GCs, melatonin secretion is always confined to
cord and out via the superior cervical ganglia (5CG) to reach the pineal the dark phase, regardless of the activity profile of the animal.

gland (PIMN). Clock genes are expressed in the pineal, but a functional

(Tsang at al. 2014)
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Endocrine feedback to the circadian clock. Various hormones can directly or the raphe nuclei of the brainstem. Other endocrine effects may be
indirectly feedback on central and peripheral clock function. In the brain mediated via peripheral tissues and clodks such as the liver and muscle.
endocrine targets with connections to the SCN include the orexinergic For details see text.

neurcons of the lateral hypothalamus (LH), the arcuate nucleus (ARC), and

(Tsang at al. 2014)
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FIGURE 1. A diagrammatic representatlnn of the means by which light wavelengths regulate
the central cirra%lan pacemaker

& diagrammatic representation of the means by which 4&0- to 480-nm light wavelengths (blue light), de-
tected by the intrinsically photoreceptive retinal ganglion cells (ipRGC), regulate the central circadian pace-
maker, the suprachiasmatic nudeus (SCM), and the transfer of photopericdic information to the pineal gland
for the regulation of melatonin synthesis from tryptophan. This vertebrate pathway involves synapses in the
paraventricular nucleus (PVN) of the hypothalamus, the intermediolateral cell column (ILCC) at thoradic cord
levels 1 and 2, and the superior cervical ganglia (SCG). Melatonin released into the cerebrospinal fluid (CSF)
and blood act on the SCN to modulate its circadian activity and on circadian oscillations in peripheral tissues.
Besides influencing circadian rhythms, melatonin has many other functions, as summarized in the text. In the
pinealocyte depicted at the top right, melatonin synthesis as it ocours in the mammalian pineal gland is
shown. Based on currently available data, the synthetic pathway for melatonin production in plant cells dif-
fers slightly from that in animals. In plants, tryptophan is initially decarboxyated to tryptamine, which is then
hydroxylated to form serotonin. The final two steps are similar to those in the mammalian pineal gland.
AANAT, arylalkylamine N-acetyltransferase; AC, adenylate cyclase; ASMT, acetylserotonin methyl transferase;
CaMK, caldumicalmodulin protein kinase; cAMP, cydic adenosine monophosphate; CREB, cAMF response
element-binding protein; CSF, cerebrospinal fluid; NE, norepinephrine; NMDA, N-methyl-D-aspartate recep-
tor; NO, nitric oxide; PACAP, pituitary adenylate cyclass-activating peptide; PKA, protein kinase A; RHT, reti-
nohypothalamic tract.

(Reiter at al. 2014)
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Jeffrey C. Hall Michael Rosbash Michael W. Young
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The Nobel Prize in Physiology or Medicine 2017 was awarded jointly
to Jeffrey C. Hall, Michael Rosbash and Michael W. Young "for their

discoveries of molecular mechanisms controlling the circadian
rhythm".
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