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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-BMALIL) 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-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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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.
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Relationship between lifetime events, stress entropic load /SEL/ and epigenome changes during time. Grey arrow
represents the time flow and it should suggest that as time passes, different events are evaluated differently and their
associated SEL level may consecutively increase or decrease and thus affect whether the epigenomic changes are
passed fo other generation or not.
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Hans Selye

— 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 into the organisms led to stereotyped
response explicable by suprarenal gland activation.
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Whatis the stress?

Physical response l

|

Negative

Positive

stressor=any factor deflecting body homeostasis
stress response= body adaptation to homeostasis

restoring
stress=the complexity of factors provoking

stress response
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The Stress System
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CAN = central autonomic network
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U
SCS= sympathetic cholinergic systéem || g p

Il



»| |[nsula CING

Pre-Frontal |«

AMY

PVN

VTA

LC

NTS CVLM

RTN RVLM

Hippo

HACER

PAG

A5

Raphe |[AP [N PBN || Pre-Botz.

&

NA DMNX

RPG

AVP

- E

Central
Autonomic
Network

Langley’s ANS

#

Neuroendocrine
Systems

;

Extended
Autonomic
System

Immune/Inflammatory
Systems

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

= =
m e



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).
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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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Stages Of SLress

-alarm reaction (fight and flight-Cannon’s
emergent reaction): shock, contra-shock
e stage of resistence

e stage of exhaustion
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» Eustress- increases possibilities of the organism, healthy and life
motivation

* Distress- decreases possibilities, facilitates diseases development

* Stressors= stress causes (frustrations, conflicts)

* Factors influencing stress severity

 stressor characteristics

 subjective stress responsibility

» Reactions to acute and chronic stress: physical and psychological
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Autonomic nervous system

Parasympathetic nervous ~ Sympathetic nervous system
system “F& F” response

- ldigestion
T digestion ! salivation

T salivation T heart rate
! heart rate T respiration

T intestine perfusion vblood redistribution from
Intestine to muscles, brain
and heart

rest state v" increased activity and
vigilance




Tyrosine hydroxylase
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© Elsevier Science Ltd

Catecholamines synthesis and metabolism



Metabolic effects of epinephrine

PANCREATIC
ISLETS

Glucagon

Insulin

Glyagen

Lactate __T) : i?Rymy&:s'

LIVER

ulin

Glucose Blicoia

Free fatty acids

Ketoacids

MUSCLE # Sﬁmulo'e .i 4
e [1hib "
" ADIPOSE TISSUE



2 NADH
TP

Glycolysis




(a) Cholestorol

l AL | 7o hydroxylase 17.20ase

(AS steronds) Prognenolono 4 17-Hydroxypregnonolone wwwwwsswsst Dehydroepiandrosterone

3 ‘HI’GO’X)“’DG Ogenese '-C-"(c)(l S{HSI) 4.*'“50

AS-ssomerase complex 5 i E ok :
Progesterone o> ¢ 17-Hydroxyprogestorone i

(A4 sterowds)

21 hydroxylase lp&f_ﬂ” l,.;g,,,\ z -_— l \

Deoxycorticosterone 11-Decxycortisol

11 phydroxylase l;_:n : l._.‘.: T Sex sterouds \ l

Corticosterone Cortisol

| (&)
18 oxidase pé50,,
Aldosterono
Maerdocorticoids Glecocorbconds

@ Elsevier Science Ltd

(a) The major steroid biosynthetic pathways. Enzymes catalysing reactions are in
red: p450 enzymes are in mitochondria and each catalyses several reaction steps;
3BHSD (hydroxysteroid dehydrogenase) is in cytoplasm, bound to endoplasmic
reticulum; 17BHSD and p450_,, are found mainly in gonads. (b) The steroid molecule.



Table 18.27
The major actions of glucocorticoids

Increased or stimulated Decreased or inhibited
Gluconeogenesis Protein synthesis

Glycogen deposition Host response to infection
Protein catabolism Lymphocyte transformation
Fat deposition Delayed hypersensitivity
Sodium retention Circulating lymphocytes
Potassium loss Circulating eosinophils
Free water clearance

Uric acid production
Circulating neutrophils

© Elsevier Science Ltd



Metabolic effects of glucocorticoids
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5414825/

Glucocorticoid effects on body systems
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Nervous system &'y Visual system
Physiological homeostasis ﬁ? 4 -’»—-Anti-inﬂammatory
Responses to stressors : Anti-anglogenesis
Psychiatric disorders Photoreceptor survival

Uveitis, Keratitis & Glaucoma

Cardiovascular system
Anti-inflammatory
Cardiomyocyte survival
Homeostasis of blood pressure
and vascular tone
Anti-angiogenesis

Respiratory system
Suppression of cytokines,
chemokines & cell adhesion
molecules.

Asthma & COPD

Cardiovascular disease
Glucose & liver metabolism
Immune system Glucose regulation
Suppression of proinflamma Lipid homeostasis
-tory cytokines. Obesity & hyperglycemia

Regulation of immune cell
maturation, migration &
apoptosis.

Organ transplant

Reproductive system
Gonadal functioning and &
Fetal organ development &

maturation

Musculoskeletal system Preterm birth

Anti-inflammatory Gonadal virilization

Muscle anabolism & catabolism

Insulin resistance Integumentary system
Osteoblast apoptosis Anti-inflammatory
Osteoclastogenesis Delayed wound healing
Rheumatoid arthritis Regulate epithelial integrity
Osteoporosis Psoriasis & Eczema
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i¢. RAF, 14-3-3, PI3K, ERK-|

1.¢. Plesotropac,
membranc associated effects

Genomic and non genomic
effects of glucocorticoids
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33 Prof. Anna Vaskl

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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Control of the hypothalamic-
pituitary adrenal axis. CRH,
corticotropin-releasing hormone.
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+ Tissue
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© Elsevier Science Ltd
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(Podle Felker B and Hubbard JR: In Handbook of Stress Medicine, CRC Press, Boca Raton, FL, 1998)



pylatile and diurnal character of glucocorticoid secretion
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Pulse and diurnal secretion of glucocorticoids
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Plasma corticosterone DNA binding

1

Stress

The effect of glucocorticoid pulses and an acute stressor on glucocorticoid
responsive genes. Note that, at nadir levels of corticosterone, there is only

mineralocorticoid receptor (MR) binding to DNA but that, at peak and stress
levels, there is both glucocorticoid receptor and MR binding.
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Th2 shift as a consequence

of stress
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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.
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Table 18.32
Causes of Cushing’s syndrome

ACTH-dependent disease
Pituitary-dependent (Cushing’s disease)
Ectopic ACTH-producing tumours
ACTH administration

Non-ACTH-dependent causes
Adrenal adenomas

Adrenal carcinomas
Glucocorticoid administration

Others
Alcoholinduced pseudo-Cushing’s syndrome

@ Elsevier Science Ltd



Symptoms
Weght gom (Centra)
Change of appearance
Depression
Insomasd
Amencrrhoey’
ohgomencerhoea
Poor Bbido
Thn skin/easy bruiseg
Haw growth/acne
Muyscular wedkness
Growth arrest m chidren
Back pan
Polyuria/polydpsa
Poychoss

O4d photographs may
be uselel

Sigrs

Mooa face Oedema
Plethora Proximal myopathy
Deprassion/psychoss Proxmal mescle
Acre wastmg
He sutism Glycoserna
Frostal baldng (female)
Thin skin
Brusing
Poor wound healeg
Pigmentation
Skn mfections
Hypertersion
Osteoporess
Pathological fractures

(especially vertebrae and ribs)
Kyphosis
Buttalo humyp'

(dorsal It pad)
Contral obesty
Strise (purple or red )
Rb fractures

© Elsevier Science Ltd

The symptoms and signs of Cushing's syndrome.

Bold type indicates signs of most value in

discriminating Cushing's syndrome from simple obesity

and hirsutism.



Paraventricular nucleus

Corticosterone h ACTH

The hypothalamic-pituitary-adrenal axis response to acute and chronic stressors.
ACTH, adrenocortocotrophin; AVP, arginine vasopressin;
CRH, corticotrophin-releasing hormone; POMC, pro-opiomelanocortin.



Acute stress response

« adaptive, enabling surveillance

« although different reactions are used, the aim is
always the same: = surveillance

- metabolic: Tglycemia

- cardiovaskular/respiratory- glucose traffic to
muscles, heart and brain

* analgesia

* inhibition of processes decreasing surveillance
chance (reproduction, food).

==
m &



Acyte stress reaction-metaboli offects

©Purpose: to increase glycemia using catecholamines
and glucocorticoids

©Glucose uptake is inhibited; proteins, fatty acids and
glycogen synthesis is stopped. Lysis og lipids and
proteins (immune systém is ,sacrificed")

©Glycogenolysis by catecholamines (short-time effects
on glycemia), gluconeogenesis (glucocorticoids with
long-time effects on glycemia).
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Acute stress response-cardiovascular/ respiratory effects

©Purpose: to increase cardiovascular tonus for a quick
transport of mobilized glucose to the tissues with the
highest oxygen consumption.

©Vasopressin  release from axon neurohypophysal
terminals leading to reabsorbtion of water in the kidney
Purpose: to increase cardiovascular circulating volume
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Acute stress responseé-ana Ige5|a

©Purpose: to decrease pain perception

©Two forms of stress-induced analgesia can be
distinguished (SIA)

©-opiates-dependent SIA (enkephalins and f3-
endorphine)

©-opiates independent SIA (glutamate)

Both SIA can combine one to another.
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Chronic stress response

®maladaptive = imparing effects

®chronic  stress can contribute to
development of diseases as peptic ulcer,
visceral obesity, lower growth, higher risk
of CAD

@chronic stress influences behaviour:
®inhibition of reproduction

® depression, schizophrenia etc.
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CENTRAL

PERIPHERAL

FFA « Free Fatty Acd
POMC » Pro-oplomelanocorn
Cortisol =
T20M = Type 2 Diabotes Meliitus

11BHSD-1 = (11-bota) Hydroxysterod Dehydrogenase 1

MA = Minerslocortiood Recepior

CRH = Corticonropin-Releasing Hormone /' o
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57 Prof. Anna Vaskul
Joseph J.J. et al., Psychoneuroendocrinoloqy. 2015 Dec; 62: 327—335.
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https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=26356041

Caontext

Behaviour
Adaptive
Autonomic or
maladaptive

HPA

Physiological and pathological responses to stress. The

resilience or vulnerability
of any one individual to stressful situations in adulthood

seems to depend upon that person's genetic inherence
and early life experiences.



ctress and multiplex factors role

* Dominant and subdominant primates (males):

*In stable conditions (no teritorial emergency),
dominant males have lower glucocorticoids levels
than subdominant ones.

* But, in unstable conditions, these levels in dominant
males increase and they are the same or higher thain
In subdominat males.

*“Personal power” of dominant male correlates with
low GCs levels during rest conditions.
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ctress and multiplex factors role

©, Good state of mind” Is necessary !

©Social supporting groups forming- f.e. non
sexually based friendship between men and
women in the team

©Training of ability to anticipate stressful event
and undertake the control.

©Transformation of agresivity (sports)
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http://www.animationlibrary.com/animation/22476/4_colorful_bears/
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Dekuji vam za pozornost



