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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

v -4 ¢ rhythms, physiological rhythms and organismal cycles with the rotation
re n a S - 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-BMALIL) and repressors (PER-CRY)".
The non-phosphorylated PER-CRY complex represses CLOCK-BMALL;
phosphorylation, in turn, results in the degradation of PER-CRY and

the turnover of these repressors. In addition, CLOCK-BMALI 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.
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Med Hypotheses. 2014 Mar;82(3):271-4. doi: 10.1016/j.mehy.2013.12.008. Epub 2013 Dec 19.
"Stress entropic load" as a transgenerational epigenetic response trigger.
Bienertova-Vaskd J!, NeCesanek 12, Novak J?, Vinklarek 12, Zlamal F2.
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Relationship between lifetime events, stress entropic load (SEL) and
epigenome changes. Lifetime events represent those events that
influence the flow of energy, substrates and information within the body.
Generally, the organism has to cope with these changes, whereas we
consider SEL to be the universal parameter reflecting the “severity” of
the influencing events. SEL therefore leads to epigenome changes that
are according to SEL “severity” either conserved or reset during meosis
and thus passed transgenerationally or nof.

Med Hypotheses. 2014 Mar;82(3):271-4.
_ "Stress entropic load" as a transgenerational epigenetic response trigger.
Prof. Anna Vasku Bienertova-Vaskd J!, Nedesanek 12, Novak J?, Vinklarek J2, Zldmal F2.
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—A syndrome produced by diverse nocous agents,
Nature 138, 32, 1936

,General adaptation syndrome-stress reaction of

organism:

Experiments with animals showed that different toxic
substances applied Iinfo the organisms led fo
stereotyped response explicable by suprarenal gland

activation®.
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The Stress System
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Overview of extended autonomic system (EAS)

— The EAS is conceptualized to consist of the central autonomic network
(CAN);Langley’s autonomic nervous system (ANS), with its three
component sub-systems the sympathetic nervous system (SNS),
parasympathetic nervous sys-tem (PNS), and enteric nervous system
(ENS); neuroendocrine systems including the arginine vasopressin (AVP)
system, hypothalamic-pituitary-adrenocortical (HPA) system,
sympathetic adrenergic system (SAS), and renin-angiotensin-
aldosterone system (RAS); and immune/inflammatory systems,
represented by a stylized mast cell. Langley’s SNS involves three
chemical messengers, norepinephrine (sympathetic noradrenergic
system, abbreviated as SNS in this review), acetylcholine (sympathetic
cholinergic system), and epinephrine (SAS). MUK T

12 Prof. AnnaVaska  Goldstein DS. Stress and the "extended" autonomic system. Auton Neurosci. 2021
Oct 2;236:102889 MED



Distress Amplification Heart Failure
A
Myo. O2 Consumption
A Al \ Cor. Ischemia
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chronickému onemocnéni nebo smrti

Od aktivace stresoveého systému
k dyshomeostaze a smrti

Goldstein DS. Stress and the
"extended" autonomic system.
Auton Neurosci. 2021 Oct
2:;236:102889.
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Regulace systému pomoci zpétnych vazeb

Hypotalamus

X-RH ™ —
Kratka vazba — ;l | X-IH «

- v
Ultrakratka vazba —— X-RH /
/ »
X-TH < X-TH | X
Hypofyza y

Dlouha vazba

Dlouha vazba

———— X = Hormon > X
Periferni zlaza

==
m e
O =

14 Prof. Anna Vasku

=



15

Uéinky ACTH
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Vliv stresu na plazmatické hladiny ACTH a kortizolu

:

Stresor

Kortizol

Plazmaticka koncentrace

16 Prof. Anna Vasku
(Podle Felker B and Hubbard JR: In Handbook of Stress Medicine, CRC Press, Boca Raton, FL, 1998)



Pulzni a diurnalni sekrece glukokortikoidu
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(Podle Felker B and Hubbard JR: In Handbook of Stress Medicine, CRC Press, Boca Raton, FL, 1998) I\/|



Nervous system Y
Physiological homeostasis :
Responses to stressors
Psychiatric disorders \

Cardiovascular system
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TRENDS In Pharmacological Sciences

Integumentary system
Anti-inflammatory
Delayed wound healing
Regulate epithelial integrity
Psoriasis & Eczema
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Ucinky glukokortikoid& na télni systémy
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14 7 \/a

Metabolické ucinky glukokortikoid(l
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Patel R et al., Mol Endocrinol. 2014 Jul; 28(7): 999-1011.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5414825/
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Lécba kortikoidy u pacientd s COVID-19 moduluje zanétlivou odpoveéd a transkripni znamky dysregulace imunitniho systému

(A) (B)
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Journal of Leukocyte Biology, First published: 03 November 2021, DOI: (10.1002/JLB.4COVA0121-084RR)



Schéma komunikace mezi imunitnim a

neuroendokrinnim systémem
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Schéma komunikace mezi osou |

Imunitnim systémem
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Imunitni systém a stres
Rovhovdha Th1 a Th2 a stres

Sympaticka zakonceni

Noradrenalin
Adrenalin

Kortizol
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Imunitni systém a stres
Rovnovaha Th1 a Th2, stres a akutni zanét

Sympaticka zakonceni Nor/adrenalin
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Innate Immunity
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T 1
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differentiation, ; asthma. VyI'
IgE class switching, | | Promote | 40 T cells produce
mast cell class switching. | | Promote chemokine IL-5 and IL-13 and
recruitment, mast cell production and Suppress inflammatory promote AHR.
eosinophilia, recruitment neutrophilia. response by targeting Vyd ¥ T cells
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Figure 1| T cells involved in the induction of the allergic phenotype. Asthmais a heterogeneous disease that is
characterized by airway hyperresponsiveness (AHR), recruitment of inflammatory leukocytes to the lung and tissue
remodelling, including mucus production and airway smooth muscle changes. A number of different T cell subsets are
thought to influence the nature and magnitude of the allergic immune response by the cytokines that they secrete.
Thelper 2 (T, 2) cells are thought to promote eosinophil recruitment, in conjunction with nature killer T (NKT) cells and
CD8' T cells. By contrast, T 1 cellsand T, 17 cells are thought to be associated with severe, steroid-resistant asthma, which
is often marked by neutrophilic infiltrates. Regulatory T (T, Ry cells and subtypes of y§ T cells are able to downregulate
pulmonary immune responses and are thought to be important for maintenance of immune homeostasis in the lungs.

The nature and magnitude of allergic inflammation in the lung is influenced by external environmental stimuli, such as
exposure to allergens and pollution as well as infection with pathogens. IFNy, interferon-y; IL, interleukin.




Aldosterone ) )
; Increased inflammation

11B-HSD1 ™ Increased oxidative stress
MR mm) Higher sodium and water retention
/\ Vel Higher potassium excretion
Cortisone Cortisol
\J e Decreased inflammation
GCR mm) Increased gluconeogenesis
11B3-HSD2 Increased lipolysis

Funkce receptoru pro glukokortikoidy a mineralokortikoidy a role izoenzym 11B-hydroxysteroid dehydrogenazy.
Kortizol se vdze exkluzivné na své receptory, ale afinita glukokortikoidd a mineralokortikoidd k mineralokortikoidnim
receptorUm je srovnatelnd. V epitelidinich tkdnich aktivace mineralokortikoidnich receptord vede k expresi proteinC
regulujicich transport iontd a vody, coz vede k reabsobci sodiku a vody, exkreci sodikU, ke zvyseni extraceluldrniho
volumu, zvyseni krevniho tlaku.

Mineralokortikoidni receptor je aktivovan aldosteronem a kortizolem. Cilové bunky pro aldosteron exprimuji 11-
hydroxysteroid dehydrogendzu (11B-HSD) 2, kterd konvertuje kortizol na kortizon. Kortison mé velmi slabou afinitu k
mineralokortikoidnimu receptoru. 11R-HSD1 aktivuje naproti tomu funk&né inertni kortizon na aktivni kortizol, coz

podporuje mistni glukokortikoidni aktivitu.

28 Prof. Anna VaskU
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Figure 1. Contrasting functions of the isozymes of 113-HSD. 1113-
HSD2 is an exclusive 113-dehydrogenase that acts in ...
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Endocrinology, Volume 142, Issue 4, 1 April 2001, Pages 1371-1376, https://doi.org/10.1210/endo.142.4.8114

The content of this slide may be subject to copyright: please see the slide notes for details.
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Vassiliou AG et al., World J Crit Care Med 2021; 10(4): 102-111
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Stres na urovni bunky
Model exprese HSP-peptidu na MHC |. tridy

Imunitni dozor

rd —
Expozice HSP-peptidu Masivni expozice HSP-peptidu
vede k aktivaci NK bunék vede k aktivaci T--lymfocytu

chemicky \

infekce

kancerogeneze “

. Vice HSP-peptidu
\ @ vzniklych degradaci HSP

je zabudovano do komplexu s MHC
ZvysSena exprese HSP a exprimovano na membranach
MmRNA a HSP proteind

P gt

ZvySena degradace HSP

e -“
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Komentar k obrazku

— Model pro MHC peptidy I. ffidy odvozené od heat shock
oroteinu (HSP)

— Bunécny stres zvysuje transkripci a tfranslaci HSP

— HSP jsou degradovany proteasomem a stépy ndsledné
nasedaji do zldbku molekul MHC | pro peptidy

— Komplexy HSP—peptidy—-MHC jsou vystavovany na povrchu
bunék pro interakci s prirozenymi zabijeci (NK bunkami) nebo
efektorovymi (cytotoxickymi) T- lymfocyty

— Individudini nebo synergistické rozpozndni rznymi efektory
vede k destrukci stresovanych bunék
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Akutni odpovéd na stres

— Adaptivni, umoznuijici preziti

— Ackoliv se v ruznych situacich voli ruzné reakce, cil je vzdy
stejny = preziti

—Metabolické: Tglykémie

— Kardiovaskularné /respiracni-doprava glukdzy ke svalim, srdci
a Mozku

— Analgézie

—Inhibice procesu snizujicich Sanci na preziti (rozmnozovaci
chovani, jidlo, procesy v GIT, deprese imunitnino systému)

Il
M

N1
D
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Akutni odpovéd na stres - metabolické efekty

©Uc&el: zvysit glykémii prostiednictvim katecholamind a
glukokortikoidU

©Uptake glukdzy je inhibovdn a syntéza proteinu, mastnych
kyselin a glykogenu je zastavena.

©Llipolyza, glykogenolyza, proteolyza

©katecholaminy maiji spise kratkodobé efekty na glykéemii
©glukoneogeneza (glukokortikoidy maiji spise dlouhodobé efekty
na glykémii)
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Akutni odpovéd na stres — kardiovaskularni
a respiracni efekty

©Ue&el: zvysit kardiovaskuldrni tonus k rychlé
doddavce mobilizované glukdzy a kysliku
nejpotrebnéjsim tkanim

©Uvolnéni vasopresinu z axonovych termindl
neurohypofyzy vede k reabsorbci vody v

ledvindch. U&el: zvyieni ndplné CV systému
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Akutni odp

ovéd na stres — analgeézie

©U&el: snizit vnimAani bolesti

©Rozezndvdme dveé formy analgézie indukované

stresem (SIA)

©na opids
©na opid

‘ech zavisla SIA (enkefaliny a B-endorfin)

tech nezavisla SIA (glutamat)

©Behem sf

resove reakce se mohou obé formy SIA

kombinovat.

36 Prof. Anna Vasku

= =
m e



Chronickda odpovéd na stres

®Maladaptivni = s efekty pokozeni organismu

®Chronicky stres mUze vést k onemocnéni jako zaludecni
viedy, viscerdIni obezita, snizeny rust, zvysené riziko nemoci
korondrnich cév

®Chronicky stres ovlivni chovani:
®Inhibice reprodukce
®Chronicky stres je asociovan s nékterymi psychiatrickymi
stavy/nemocemi (deprese, syndrom vyhoreni).
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Cirkadidnni systém
prostrednictvim

] 1 transkripcni a franslacni
(SN _ aktivity umoznuje denni
i synchronizaci
/-‘-g;,,,.sc@ fyziologickych procesU
- i ~e 7 .
/ "’91”"‘ \ Vv Zivém organismu.
Hormones Atils Behavior N
/F/’;;h*eral /
RS
Thermogenesis BMR
' | T

Energy expenditure
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K predchozimu obrazku

— Schematic illustration of an impaired interaction between the decreased activity of AVP in the SCN and
the increased activity of CRH neurons in the paraventricular nucleus (PVN). The HPA system is
activated in depression and affects mood, via CRH and cortisol. A decreased amount of AVP-mRNA of
the SCN in depression was found. The decreased activity of AVP neurons in the SCN of depressed
patients is the basis of the impaired circadian regulation of the HPA system in depression. Increased
levels of circulating glucocorticoids decrease AVP-mRNA in the SCN, which will result in smaller
inhibition of the CRH neurons

— Pathogenesis of depression: In depressed patients, stress acting on the HPA system results in a
disproportionally high activity of the HPA system because of a deficient cortisol feedback effect due to
the presence of glucocorticoid resistance. The glucocorticoid resistance may either be caused by a
polymorphism of corticosteroid receptor or by a developmental disorder. Also AVP neurons in the SCN
react to the increased cortisol levels and subsequently fail to inhibit sufficiently the CRH neurons in the
PVN of depressed patients. Such an impaired negative feedback mechanism may lead to a further
increase in the activity of the HPA system in depression. Both high CRH and cortisol levels contribute to
the symptoms of depression. Light therapy activates the SCN, directly inducing an increased synthesis
and release of AVP that will inhibit the CRH neurons. Anti-depressant medication generally inhibits the
activity of CRH neurons in the PVN.
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CENTRAL
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26356041

Stimuly ovlivinujici reaktivni a anticipaéni odpovédi osy HPA

“Reaktivni” odpovédi

“"Anticipacni” odpovédi

Bolest (viscerdlni a somatickd)

Vrozené programy

Predatori

Nezvyklé podminky okolniho prostredi
Socidlni zmény

Neurondini homeostatické signdly:
Stimulace chemoreceptord
Stimulace baroreceptoru
Stimulace osmoreceptory

Druhoveé specifické podnéty (napr.
osvétlené prostredi pro hlodavce,
temnad prostredi pro lidi)

Humordini homeostatickeé signdly:
Glukdza

Leptin

Insulin
Renin-angiotenzin-aldosteron
Atridini natriureticky factor

Jiné

Humordlni prozanétlive signdly:
IL-1

IL-6

TNF-a

Jiné

Pamétfové programy

Klasicky podminéné stimuli
Kontextem podminéné stimuli
Negativni posilovani/frustrace




Role mnohocéetnych faktoru v rozvoji stresu

Dominantni a subdominantni primati:

»Ve stabilnich podminkdach (Uzemi se neméni) maiji
dominantni samci nizsi hladiny GCs nez subdominantni
>V nestabilnich podminkdch maji dominantni samci
glukokortikoidy  stejné vysoké nebo vyssi  nez
subdominantni

»Uroveri dominance samcu je v nepiimé Umérfe s jejich
olazmatickymi hladinami glukokortikoidU
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Role psychologickych faktoru v rozvoiji
stresu

©"Good state of mind” - pozitivni rysy osobnosti:

©Socidini podpurné skupiny — formuji se nesexudini pratelstvi
osob opacného pohlavi

©Trénink — schopnost predvidat stresovou situaci a
schopnosti prebirat nad ni kontrolu

©Transformace agresivity pri ztraté moznosti bojovat (sport)
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,SChopnost uvazovat o souladu @
eleganci v prirodnich jevech je jednim z
nejuspokojivéjSich prozitku, kterych je
Clovék schopen. Kdyz hledime na néco
vetsino, nez je nase védomé ja, nase
denni starosti se ve srovndani s fim
zmensuji. Nastupuje vyrovnanost a
pokoj mysli, kterych Ize dosahnout

jediné stykem s nécim vznesenym?*.

Dékuji vam za pozornost
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Molecular oscillation|
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(Energy harvesting,
DNA damage)

P

Physiologi y Organismal
rhythms cycles

Brain (non-autonomous)

+ SCN pacemaker « Seasonal
Sleep Wake: i seroui : %esps:[:;duchve
i fepd . Periphery (sutonomous) regeneration

« Liver (gluconeogenesis) «Enjganetic

« Pancreas (insulin secretion) changes

+ Adipose (leptin secretion)
« Immune cells (cytokine production)

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-BMALL;
phosphorylation, in turn, results in the degradation of PER-CRY and

the turnover of these repressors. In addition, CLOCK-BMALI 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.
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http://www.animationlibrary.com/animation/22476/4_colorful_bears/
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