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Hormony

chemické messangery, které jsou
transportovdany v télesnych tekutindch

Funkce: moduldtory systémovych a
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Vykon bunky

Akutni-monoftropni
Chronicky-pleiotropni

Responsivni bunka-schopnd

postreceptivne realizovat primerenou
odpoved
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/pusoby sekrece hormonu

Sekrece endokrinni-do krve pfimo Ci
neprimo pres ECT

Sekrece parakrinni - neprechdzi nutné
do krve (zejména rustové faktory,
neuroparakrinie

Sekrece autokrinni - napf.

oresynaptickd neuromodulace
uvolnovani NE.




Interakce hormon-receptor
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Interakce hormon-receptor
Fixované interakce Mobilni interakce

S messengerem hormon-nosic-

|adro
Glukagon Estrogeny
Insulin Testosteron
Noradrenalin Progesteron
PTH Adrenalni kortikalni
TSH hormony
ACTH Thyreoidni
FSH hormony
LH
ADH

Sekretin
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Predpokladana reciprocni endokrinni regulace funkce kosti a tukove tkané.
Osteoblasty produkuji karboxylovany osteokalcin (OCN), ktery se nasledné
vaze na kostni mineral zralé kosti. Resorbce kosti rizena osteoklasty vede k
uvolnéni nekarboxylovaného osteokalcinu (ucOCN) do krve, coz vede ke
zvysené produkci insulinu v pankreatu.

Insulin podporuje sekreci OCN osteoblasty stejné jako dekarboxylaci OCN
osteoklasty. Insulin ma také pozitivni efekt na sekreci leptinu adipocyty.
Novotvorba a resorbce kosti prostfednicvim hypotalamickych G&inkd leptinu
predstavuje mechanismus vedouci k supresi produkce ucOCN a modulaci
ucOCN insulinem v zavislosti na prijmu potravy.




Tridy hormonu podle struktury

Aminy o Peptidy, polypeptidy [|Steroidy
aminokyseliny |a proteiny
Adrenalin ACTH, angiotensin Aldosteron
Noradrenalin |calcitonin,erytropoieti|Glukokortikoidy
Dopamin N Estrogeny
Thyreoidni FSH, gastrin Progesteron
hormony Glukagon, STH Testosteron

Insulin

LH, Oxytocin

PTH, prolaktin

Sekretin, TSH, ADH




Funkéni klasifikace hormonu
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Zpetnovazebna kontrola

T srmon-normon
Substrat-hormon
Minerdly-hormon

Neurdini kontrola Chronotropni kontrola
Adrenergni Oscilacni

Cholinergni Pulzatilni
Dopaminergni Diurnalni rytmus
Serotoninergni Sleep-wake rytmus
Endorfinergni Menstrucni rytmus
-enkefalinergni Sezonni rytmus

Gabaergni Vyvojovy rytmus




VAZEBNE GLOBULINY HORMONU
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s malou dfinitou a specifitou pro hormon
albumin, orozomukoid, a,-kysely glykoprotein
vysokodfinitni s vyssi specifitou

TBG, Transkortin (CBG), SHBG

! vazebnych proteinu: Dysproteinemie
akutni a chronické

Tvazebnych proteinu: Jaterni cirh6za
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Schema of human circadian system. RHT, retinohypothalamic tract;
SCN, suprachiasmatic nucleus; PVN, paraventricular nucleus
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Clin Invest. 2011 Jun;121(6):2133-41. Circadian rhythms, sleep, and metaboligm.
Huang W!, Ramsey KM, Marcheva B, Bass J.

I [ SCN ANS-autonomic nerve system

BMR-basal metabolic rate

Energy expenditure
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Cirkadianni rytmicita

Centralni ,hodiny" jsou v n.
suprachiasmaticus (predni thalamus).
SCN neurony generuji rytmicitu,
elektrickou aktivitu a produkuji
synchronizujici signaly, ktere ridi fazi
oscilace tzv. perifernich hodin (jatra,
ledviny, srdce, plice a svaly).




Cirkadianni rytmicita

Rytmicka aktivita SCN je
synchronizovana externim svetlem pres
sitnici.

Periferni tkane produkuji rytmickeée
fyziologické vystupy, které jsou vedeny
SCN a synchronizovany s prostredim,
coz ma za ukol zajistit optimalni aktivitu
nebo odpovéd na potreby organismu v
prislusné denni nebo nocni dobé.




- Impaired memaory
- Dementia

- Maood disorders

- Anxiety

CARDIOVASCULAR CHANGES
- Heart Attack

- Stroke

“TIA

LIVER PANCREAS KIDNEY
- Altered metabolism

- Obesity

- Diabetes

- Cancer

KIDNEY PANCREAS

BREAST AND PROSTATE
-Cancer
‘Increased ancogene activity
- Decreased tumor suppressicn
gene activity

UTERUS AND GONADS

“Infertility

o - Cancer

v - Low birteh weight {offspring)
- Preterm birth (offspring)

Circadian disruption affects multiple organ systems. The diagram
provides examples of how circadian disruption negatively impacts the
brain and the digestive, cardiovascular, and reproductive systems.
Though the diagram displays unidirectional affects, there are various
feedback loops that exist within the system and interactions that occur
between these systems.
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Cirkadianni rytmicita

Cirkadianni oscilace vznikaji také na
urovni genove exprese a modifikace
proteinu a jejich sekrece. Tyto oscilace
jsou rizeny produkty hlavnich
cirkadidnnich genu.
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Figure 2 Huang W}, Ramsev KM, Marcheva B Bass J.

Map of neural circuits linking SCN and extra-SCN regions important in circadian and energetic control. CNS centers receive dual input of light

and metabolic signals. Light reaches the SCN via the RHT, which in turn sends neural projections to various extra-SCN regions in the hypothala-

mus and brainstem that are critical for energy homeostasis and sleep, including the ARC, PVN, and ventrolateral preoptic nucleus (VLPO). The
hypothalamus also receives metabolic inputs, including peptidergic hormones and nutrient metabolites, which modulate the CNS signaling. Thus
signals from the exogenous environment (i.e., light) and endogenous metabolism (i.e., metabolic cues) are integrated in the CNS, the outputof
which in turn imparts rhythmicity on sleep and a variety of metabolic outputs, such as thermogenesis, feeding behavior, hormone secretion, and
locomotor activity. IML, intermediolateral nucleus; NTS, nucleus tractus solitarius. dSPZ, dorsal subparaventricular zone; RHT, retinohypo&a—

lamic tract; vSPZ, ventral subparaventricular zone; MCH, melanocyte concentrating hormone.
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Figure 3

Interactions between the molecular clock and downstream metabolic genes. The core molecular clock consists of several transcription/translation
feedback loops, including posttranscriptional regulation (yellow), that oscillate with an approximately 24-hour periodicity. CLOCK and BMAL1
heterodimerize to drive rhythmic expression of downstream target genes (shown in red), which in tumn regulate diverse metabolic processes,
including glucose metabolism, lipid homeostasis, and thermogenesis. Many of these clock target genes in turn reciprocally regulate the clock in =~ —
response to changes in nutrient status (shown in blue) via cellular nutrient sensors (shown in orange), generating a complex network of interlock-

ing feedback loops that fine-tune the clock and coordinate metabolic processes with the daily cycles of sleep/wakefulness and fasting/feeding.
Dashed lines represent metabolic inputs; solid lines depict interactions among core clock genes, clock-controlled genes, and nutrient sensors.
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Cirkadianni rytmicita

Funkce cirkadianniho systemu klesa s
vekem. U lidi se ukazuje predstih ve
fazi a redukované amplitudy
cirkadianni rytmicity teploty a sekrece

hormonu (zejména melatoninu a
kortizolu).
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Figure 1| Circadian adaptation as a unifying model that integrates
behaviour and physiology. The circadian clock allows light-sensitive
organisms to synchronize their daily molecular oscillations, behavioural
rhythms, physiological rhythms and organismal cycles with the rotation

of Earth on its axis. Core molecular pathways dictate behavioural and
physiological cycles. This core molecular clock in mammals, expressed
both in brain and peripheral metabolic tissues, comprises a series

of transcription-translation feedback loops that include opposing
transcriptional activators (CLOCK-BMAL1) and repressors (PER-CRY)".
The non-phosphorylated PER-CRY complex represses CLOCK-BMALI;
phosphorylation, in turn, results in the degradation of PER-CRY and

the turnover of these repressors. In addition, CLOCK-BMALI1 induces
transcription of REV-ERB and of ROR, which regulate BMALI expression.
During the night, PER-CRY is degraded through the ubiquitylation of CRY
by FBXL3, The circadian clock coordinates anabolic and catabolic processes
in peripheral tissues with the daily behavioural cycles of sleep-wake and
fasting-feeding. SCN, suprachiasmatic nucleus,

Nature, 491 (2012), pp. 348-356



| REVIEW

Environment : Ageing

« Shift work = Maternal program

+ Sleep restriction = Development

» Time-zone travel * Ontogeny of neural and
+ Social jet lag peripheral clocks

+ Western diet

Immune cells

Inflammatior

Liver

Skeletal muscle

Adipose tissue
cumulation

Figure 2 | Affect of ageing and environmental disruption on circadian
control of metabolic processes. The circadian clock partitions metabolic
processes within the peripheral tissues according to whether we are asleep
or awake; for example, the pancreatic clock promotes insulin secretion
during the wake-feeding period™, but the adipose tissue clock promotes fat
accumulation during the sleep as well as the wake period. Synchronization
of peripheral tissue clocks and downstream metabolic processes with the
environmental cycle is crucial for the maintenance of the health of the
organism®**’. We are only just beginning to gain an appreciation of how
both ageing’®** and environmental disruption (including changes in diet,
time of feeding or jet lag) perturb the integration of the circadian and
metabolic networks'”. CNS, central nervous system.

Nature, 491 (2012), pp. 348-356




Priklady cirkadidnnich rytmua u savcl

Produkce melatoninu

Sekrece kortizolu

Teplota télesného jadra

Exkrece K+, Na*, Ca** a vody moci
Arterialni krevni tlak
Hematologické proménne (hemoglobin, hematokrit,
lymfocyty aj.)
Elektroencefalograficka aktivita
Cyklus odpocinek-aktivita

Sekrece rlstovych hormond

TSH
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pylsatilni a diurnalni povaha glukokortikoidni sexrece

T
S 00 NN O O

Plasma cortisol (ugedl—1)

| I [
]2AM 4AM  8AM 12N 4PM 8PM

I | I I J

Lights out Lights on

Time elapsed






Shiftwork
Night time eating

Night time light exposure
e peased nelatomin Helghtened prefercnce/consumptian of
‘ _' high TaUsugear deet,
- | Ml fam I T IIF- AElE |J|_||I|
Wi easa] Ok kel SH
0l '..-ll-.:.llll ' .l.

2 TSR = IIII|:

ey ' ki W] s -S—- H{_-lﬁ Iz sdepersndy Ieuin irscu e iy

) s e, *

Heart disease Mkl
Piasatir H:lﬂ'l' Iscicasad Poady Felise lisdes (BT
: o =
Cancer l 'l'

Hypothalanti fed clei 4 Allered kplie glezhn sipreding |:]'|I'll"'li1:l-

F T
Lives Stk
Adipie 1eaee iuhetes

Hiarr discasi

Erin L. Zelinski, Scott H. Deibel, Robert J. McDonald

Neuroscience and Biobehavioral Reviews 40 (2014) 80-101
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| prace

U v hocnich hodinac
U v hocnich hodinac

obraci jidelni rezim a vede k expozici

N. EXpozice

N vede k poruse

by serotoninu v SCN, coz vede k
ovlivnéni center zodpovednych za
kognici a hypotalamickych jader, které
ovlivhuji metabolismus a periferni
cirkadianni oscilatory. Svétlo v noci
ovlivhuje sekreci a denzitu receptoru pro
melatonin.




Nocni prace

Zvyseny BMI vede k alteraci
signalizace leptin/ghrelin, coz dale
alteruje homeostazovani
energetického stavu organismu. To
vede k rozvoji obezity, diabetu nebo
kardiovaskularnich nemoci.




Nocni prace

("4 AV 4 7 /.

Nizsi ucinnost melatoninu jako
antioxidantu se asi ucastni v rozvoji
predcasného starnuti, nemoci srdce a
malignit. Nocni prace vede take k jidlu v
noci, ktere je spojeno s preferenci
potravin s vysokym obsahem cukru a
tukU. Metabolismus cukru a tuku pfitom
nepracuje optimalné, coz vede ke
zvysene adipozité a inzulinoveée
rezistenci.




Pasmova nemoc - jet lag

O je Unava a poruchy spdnku plynouci z naruseni biorytmu
po rychlém leteckém prekondni nékolika casovych
pasem. Priznaky byvaiji obvykle horsi pri cestovani
smérem na vychod (nez na zapad) a u starsich lidi. Pri
cestach na vychod ma clovek problem usnout, pri
cestach na zapad se budi brzy rano. Mezi typicke
ofiznaky patfi zejména Unava, nespavost a nechutenstvi,
castecné téz nevolnost, dezorientace,
podrdidénost. Aklimatizace mze trvat nékolik dnu.




Melatonin

- . V. (o) . v 7
Rytmicita melatoninu se prizpusobuje kratsim
nocim v noci a delSim v zimé pouze v pfipadé, ze
zijeme v prirozeném cyklu svéetlo - tma.

To, ze zijeme v umelém svétle, vede k oddaleni
zacCatku biologické noci v lété i v zimé. Protoze
tedy dochazi k tomu, ze zijeme stale v letni
periodé, zUstava stejnd biologicka délka noci, ale
ne cirkadianni casovani.

Diky vikendu dochazi k socialnimu jet-legu.
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Potential mechanisms of circadian clock-dependent regulation of
neurodegenerationThe circadian clock regulates metabolism, ROS
homeostasis, DNA repair and, probably, autophagy (circadian clock
controlled systems and pathways are shown in green). Disruption of
circadian system function will compromise the activities of these systems,
which will lead to oxidative stress (shown in red) and accumulation of intra-
and extra-cellular aggregates in the brain. This in turn will lead to brain cell
dea . : : Simi
mechanisms can contribute to the changes in the brain during the normal
adaeing.




Psychosocial Factors
Siress, socaal relationships, support, coping, emolional
eXpression, personally, anxiely, depression,

Endocrine Activation Circadian Rhythms
HPA 35, autonomic Central chocks, sleap, activity,
activation, other hormaones, endocrine, meatabolic, and
immune rhythms,

Immune Defenses

CTL's, helper Tcells, B
calls, NK and LAK calls,

Progression

'

CANCER SURVIVAL




Mozné cesty, kterymi mohou cirkadianni dysregulace
ovlivhovat psychosocialni uCinky na progresi rakoviny

(lA; reprezentuje oE’nvam enaoErlnnl siresové odpovedi spojenou s

psychosocidlnim distfresem a jinymi psychosocmlmm faktory.

Opakovand aktfivace stresové odpovédi muze vést k dysregulaci
cirkadidnnich ryfmU (B), zatimco poruchy spdnkovych cyklU, rytm0
odpocinek-aktivita, genetické defekty nebo poruchy
?g:p))rcchlosmohcke poruchy maiji za ndsledek endoknnnl abnormality
Hypotézy o pfimém vlivu hormonU na rUst tumoru pocCitgji s UCasti
metabolickych cest nebo s ovlivnénim exprese onkogenu (D).

Neuroimunitni efekty maji Siroky dopad a zahrnuji vrozenou imunitni
konstrituci, funkci T a B bunék, expresi cytokinu a adhezivnich
molekul, pohyb bunék a diferenciaci imunitnich bunék(E).

Porucha cirkadiannich rytmu je asociovana s abnormalitami pohybu
imunitnich bunék a bunécnych prollferocnlch cyklu (F).

Eistuje hypoteéza, ze ,rytmicitni* geny jsou Uzce vazany na rust fumoru
a ze dokonce fumory mohou byt primym ndsledkem cirkadianni
dysregulace (G).

Imunitni obrana proti fumorovému rustu zahrnuje jak specifické
mechanismy (cytotoxicke T-lymfocyty pfi ucasti TH bunéks, lyzu
profilatkami produkovanymi B-lymocty), tak nespecificke deje(lyticka
aktivita NK. makrofdal a aranulocvto: H).
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