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Stres a nase telo, kolik vydrzime?

Julie Dobrovolna
Ustav patologicke fyziologie LF MU
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Co jsou to extremni podminky?

Jedna se o mista, ktara:

A. Vykazuji extremni vlastnosti, které
predstavuji problém pro vétSinu forem
Zivota

B. Kterée mohou lidé zkoumat

C. Jejichz zkoumani vyzaduje specialni
vybaveni a technologie

D. Patfi sem vesmir, velehory, polarni
cepicky, velmi slané vody a pouste

E. VSe vyse zmineno
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Spravna odpoved’: E

Jedna se o extrémni prostredi, které
lidé mohou zkoumat, kde je nicméné zivot
Ci kratkodobe preziti velmi obtizné a/nebo
nemozne.

Extréemni prostredi napfr. u cloveka
neumoznuje dychani (vesmir), nebo
neobsahuje zdroje vody Ci potravy. Z
toho dlivodu je mozné preziti v
takovych podminkach pouze za
pomoci specialné vyvinutych
technologii (napr. na ISS).
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Které prostredi neni extremni?

Kterévz c!éle_uvedeny’ch _ Odpovéd: B
prostfedi nejsou extremni?
Oduvodnéni: Extrémni prostredi }
je takové prostredi, kde je pro '

A. Antarktida Cloveka zivot velmi obtizny Ci
B. Amazonsky destny nemozny.

prales Amazonsky destny prales je
C. Sahara domovem mnoha lidskych

spoleCenstev, jedna se o
obyvatelné misto, kde je pristup ke
E. Mrtvé more vzduchu, pitné vodé, potravé a
ktery poskytuje utocCisté.

D. Mariansky prikop
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Antarktida je nejjizngjSi kontinent
na Zemi a ma nejchladnejsi,
nejsussi a nejvetrnejsi podminky.
Z toho duvodu je Antarktida
povazovana za poust’ (nejvetsi
na svete)

Poust Sahara se nachazi na
Blizkem vychode v pasmu pod
nejsevernejSimi zemeémi Afriky.
Jedna se nejteplejsi misto na
Zemi a treti nejvetsi poust sveta.
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Mariansky prikop je nejhlubsi
cast zemskych oceanu a bézi o
hloubky 2,5 kg. V této hloubce je
tlak 1000krat vyssi nez na urovni
morske hladiny.

Mrtvé more se také nachazi na
blizkém vychode a jedna se o
oblast s velmi vysokou salinitou
(33,7 %). Z toho duvodu v ném
nemohou zit konvencni
organismy.
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Zakladni pozadavky pro preziti cloveka?

A. Oheni, voda, vzduch, ptida «—— YOU CAN »——
B. Ukryt, ohen voda, vzduch

C. Potrava, voda, ohen, ukryt

D. Voda, tkryt, vzduch, ﬁﬂ%s 3 DAYS A 30 DAYS
potrava AR===> J ER\-, WATER FOOD

Odpovéd: D
Oduavodnéni: Extrémni podminky jsou takové, kde je lidské preziti obtizné ¢i nemozné. Pro preziti
¢lovék vyzaduje pitnou vodu, utocisté, vzduch a potravu.

V polarnich oblastech je napf. obtizné zajistit pfeziti z divodu absence utocisté a extrémné nizkych teplot, i
kdyz vzduch, voda i potrava jsou pritomny.

Naopak v okolnim vesmiru neni pritomna ani jedna z nutnych podminek a pokud chceme zajistit preziti
Cloveéka v takovych podminkach, musi se tak dit za pouziti specialnich technologii.
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Co z toho vyplyva?

Nase planeta je pomerne nehostinna...

A muze to byt jesSté horsi.

Co budeme délat?
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Stres, homeostaza, alostaza

A = ALLOSTAZA

H = HOMEOSTAZA

A

C = KAKOSTAZA

HOMEOSTAZA

lUDALOS1

@_

ALLOSTAZA

Normal

Physiologic Response

ActivityRecovery
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Ale na jake prostredi jsme viastne
adaptovani?

possible aquatic adaptations in human species : Homo sapiens

arguments for the aquatic ape hypothesis and related water-based models ral habitat : coasts & beaches
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Stres a okolni prostredi =
Co je to viastne stres?



To be totally without

pran
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stress 1S tO be dead

“ Hans Selye
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Evoluce terminu ,,stres*

Claude Bernard (1813-1878)

Lecons sur les phénomenes de la vie communs aux animaux et aux
végetaux

Vnitrni prostredi je udrzovano jako stale

Walter Cannon (1871-1945)

The Wisdom of the Body

Homeostaza, stres, autonomni (sympaticky) nervovy sysém

Hans Selye (1907-1982)
The Physiology and Pathology of Stress; a Treatise Based on the Concepts of the
General-Adaptation-Syndrome and the Diseases of Adaptation

Hypotalamo-hypofyzarne nadledvinkova osa (HPA)



Evoluce terminu ,,stres*

Robert Sapolsky

Stress, the Aging Brain, and the Mechanisms of Neuron Death

Why Zebras Don’t Get Ulcers: an Updated guide to Stress, Stress-Related
Diseases, and Coping

Uloha limbického systému (hippocampus) v regulaci HPA

Bruce McEwen & Theresa E. Seaman

The End of Stress as We Know |t

Allostaza, homeodynamika

Gordon Lithgow a dalsi

Hormeze, endokrinni regulace délky Zivota u much, hlistu a mysi
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Stres a okolni prostredi =

definice?

The Stress of Life, Hans Selye, 1956:

... the non-specific response of the body to any demand
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made upon it, whether it is caused by, or results in, pleaseant,
or unpleasant conditions".

The Physiology and Pathology of Exposure

to
A treatise based on the concepts of the

GENERAL-ADAPTATION-SYNDROME

aaaaaa

DISEASES OF ADAPTATION

b

HANS SELYE

M.D., Ph.D. (Prague), D.Sc. (McGill), F.R.S. (Canada)
Professor and Director
h

o, e
Institut de Médecine et de Chirurgi
Université de Montré

e expérimentales
M al

ACTA, INC.

MONTREAL, CANADA




Zakladni pojmy

A = ALLOSTAZA . v v
H — HOMEOSTAZA KRATKODOBE/OPAKOVANE
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Physiologic Response
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HPA osa

Hypothalamus <.  Central Nervous

System

Pituitary
Adrenal Peripheral
Medulla Sympathetic

BEHAVIORAL ADAPTATION

Adrenal Nerves
Cortex l
icoi i i Norepinephrine _

Glucocorticoid Epmei)hrme p1 P CARDIOVASCULAR ADAPTATION

Metabolic Metabolic \ Catecholamines
Glycolysis/Gluconeogenesis Glycolysis Glucocorticoids
Anabolisny/catabolism \ R | |
Lipolysis Immune METABOLIC ADAPTATION
Insulin signaling Regulation of cytokines

— Stabilization of cytoskeleton
Immune Infection
Apoptosis Wound healing
Neutrophil/Lymphocyte trafficking
Cytokine production Behaviour
Anti-inflammatory responses Aggressive behaviours
Pro-inflammatory responses Increased heart rate and blood pressure
Increased respiration




Stres a okolni prostredi =
Kde se to deje?
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Stres a rizeni organismu?

Uloha tukové tkané?



Charakteristiky bilych a hnédych adipocytu




Typy bunék v bilé tukové tkani

- Adipocyty (bunky naplnéné tukem) 30%

- Preadipocyty a fibroblasty

- Matrix z kolagennich viaken

- Krevni cévy (kapilary/endotelialni bb)

- Imunitni bb (monocyty-makrofagy, lymphocyty)

- .
.’ -— Makrofagy
LymphocytN R V Monocyty. preadipocyty
Endotelialni bb — X </P — Adipocyty




Vyvoj tukové tkané — vice nez diferenciace adipocytu

Zralé Preadipocyty

adipocyty /

qu
e -

N

r—

2

Endotelie Zralé
adipocyty

Preadipocyty



Bunécény puvod peptidu secernovanych v AT

Adipocyty = Adipokiny
a»

Bunky stromalni vaskularni frakce
-> cytokiny & chemokiny

we-
L N~

Monocyte chemoattractant protein 1 (MC
Macrophage inflammatory protein (MIP)
Tumor necrosis faktor a (TNFa)
Interleukiny 1B, 6, 8, 10, ....

Chemokiny

Resistin

Leptin
Adiponektin
Sérovy amyloid

Retinol binding protein 4 (RBP4
Apelin
CIAC/DCAD



Komunikace mezi bunkami

Hypertrofie adipocyti

a pretizeni lipidy VAdiponektin :
/ NEFA
/ Leptin MCP-1 dalsi
MIP-1q@ly TNF-a
. dalsi " MCP-1
| - P7€2dIPOCY1 IL-1p

'l al$i

\ TNF-a
AN NEFA !: dalsi

\ TNF-o
Aktivace a U MIP-1la

Infiltrace A\ cytokiny MCP-1
makrofagu dalSi

Makrofag




o vy Fvziologicka =’ Patologicka odpoved
Posun bodu

Akutni zanéet

homeostaz

Inzulinova Rezistence vUCi

rezistence katecholaminum

Adipocyte _

Mechanical stress

— S 'Hypoxia or low pO,
< Lipopolysaccharide>
—— — \ TLR4 Adipocyte

—

° :
02 Catecholamine /\4/

Dead adipocyte

Macrophage

(T et T )\

\ Gene expression

KKe)
Eeiaxn

TLR2
,?,
2N (NF-xB)
:’.@LRE?}\’I _ “—@hoA-Rock Ry
/'—(\ /

ECM Lipolysis
—_— Thermogenégis and
Chemokine expression Pro-inflammatory chemokine m'm@"al elagenesls
(for example, MCP1) expression (for example, TNF) Lipid droplet
Inflammatory cell Pro-inflammatory polarization
recruitment of recruited immune cells Mitochondrion

Nature Reviews ' Endocr iv;-’,‘-lo(_; v Nature Reviews | Endocrinology



Metabolismus mastnych kyselin a glukozy ve WAT

VLDL CL

B1- B~ Bs- a,-  Glukoza

CD36
\ IRS
@ P13-K
CAMP — v
GIukoza 6- P\A \ <
5' AMP
_PKB
PKA Pyruvat
— Mastne kyseliny

ATGL Glycerol -3-P Acetyl “CoA

HSL —

Mastne
ys iny DG
Perilipiny / \

Trlglycerldy >Mastné kyseliny



Komplikace obezity

Choroby plic

Poruchy plicnich funkci
Obstrukéni spankova apnoe
Syndrom hypoventilace

Nealkoholicka steatoza

Idiopaticka
intrakranialni

WS mrtvice
Katarakta

y Ischemicka choroba

jater
steatdza
steatohepatitida
cirrhosa

Choroby mocového méchyre

Gynekologické poruchy
amenorrhea

infertilita

Syndrom polycystickych ovarii

Osteoartroza

<« srdecni
<« Diabetes
< Dyslipidemie

J} Hypertenze

Zavazna pankreatitida
Nadory

Prsu, délohy, délozniho Cipku,
streva, jicnu, pankreatu,
prostaty, ledviny

FE SN

/

Zanet zil
venostaza



Role adipokinu a cytokinu u komplikaci obezity

Podkozni tukova tkan
Visceralni tukova tkan

makrofagy

latky :
Leptin

Adiponektin 1
- RBP4
Kosterni L
sval TNF-a, IL-6... \

Utilizace

Nealkoholicka ,} CRP glukozy Dalsi cilove

steatohepatitida1 pallptolerance glukozy thane
Inkulinova rezistence Aterosklerdza

céy,
l 1 1 hypertenge

*Komplikace obezity <

Secretované {




Lipolyza ve WAT u Clovéka
FFA glycerol

Receptor pro ANF-A

Inzulinovy Aquaporin 7

receptg

o,-AR, HM74A, Al
racentor EP2 recentor Pharmacol. Res. 2006 53:482-91



Koordinace regulace ukladani/mobilizace tuku ve WAT u ¢lovéka

Po jidle Nalacno
—> Triglyceridy LPL

Katecholaminy
ANP, BNP

Glukoéza :
Do jater,

Glut4 do svalu

Do jater

Pancreas) = Insulin



Rozdily v osudu mastnych kyselin mezi WAT a BAT

Bily adipocyt Hnedy adipocyt

Glycerol

Glycerg
FA

FA

FA

FA
esterifikace

.0
‘e
L 2

FA

id
B oxidace FA
esterifikace

Glycerol glukéza

Glukéza, AMK, laktat
pyruvat



Adrenergni kontrola metabolismu hnédych adipocytu

Mitochondrialni biogeneze

’/// ///////7 (PGC1)

cAMP — —> Transkripce UCP1

\\\\\\\* UCP1
7 aktivace

Lipolyza (FA)
N\

B oxidace

4ZANdO0Ndd1L




Souhrn: ...

Obezita
) _ Mediato ) _
Mastné kyseljy, lipidové Mastné kyseliny,
Adipokiny, Adipokiny,
Jiné peptid peptidy

-.- Inzulinova rezistence

Diabetes, kardiovaskularni choroby
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Stres a rizeni organismu?

Uloha tukové tkané?



ry

Osa mozek — tukova tkan

>

C‘/'oé

DRG neuron

e i13-13) |—>

PITUITARY GLAND

BAT

2. * Thermogenesis
<) ) ¢ Lipolysis

7 _J » Blood flow

8eAT (e.g. inguinal)

SN
[~ WAT (e.g. gonadal)
} * Lipolysis

1 { |
[ 7 Y~ S :
X 23 * Leptin secretion

vV
{

Sensory feedback

Nature Reviews | Neuroscience




OSA , MOZEK — TUKOVA TKAN“

TRETI PVN/LHA
KOMORA
ARC

MICHA

[
TERMOGENEZE +

LEPTIN
- —— - -
- -
- -
-

BAT WAT KORTISOL NADLEDVINA




Stres a rizeni organismu?

Co to vSe znamena?

) |zc objektivné zméfit stres?

41

Jakou roli ve stresu hraje tukova tkan?



PATRA

Epidemiologickée
studie — télesné
slozeni,
incidence/preval
ence fenotypl

S

Crosstalk —
WAT/BAT -
sval

> Leptin

£ >

Signalni
drahy bunék
ve WAT,
adipogeneze




Environmental insult

Strong

Weak
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. Dead individual
@ sick individual

..........................

(@ Healthy individual

Death threshold

Disease threshold

Strongly resistant

Heavily predisposed

Genetic predisposition

Lenart P et al., Nat. Comm., under review

Phenotypes no longer accessible

Set of possible phenotypes to an individual




CO DELAME

IUI U I\I I - Single parasite generation

Initial population

I\/‘ E D T Host infection )
(matching alleles model) )

Parasitism (if present)| _ y
n, parasite generatior

|

Mating (preference p,
for the same phenotpr

‘

(Age-dependent) reproduction
Reduced fecundity of infected hostp

]

Offspring phenotype (aging or non
aging) determination: threshold ru

¥
(Age-dependent) mortality

e SCIENTIFIC REPLIRTS

Maximum of N individuals randoml
selected to form the next generatidn

\ 4

New parasite generation
(incl. mutation of antigen aIIeIesI)

n, replicates

Next time step (age augmented by 1)

T

Evolution favours aging in

populations with assortative

“mating and in sexually dimorphic
L. populations

Yuhlished cmling: 310 Ocinber 2018

Peter Lenart =, Julie Bienertova-Vaiklh? & Ludék Berec



LZE STRES VYPOCITAT?
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JAK TO SOUVISI S TUKEM?

A 2 2
| B
Positive |5
Asgsgr 'l( ,\‘6
f2 Qp - Qe . . ¥
= T —6(02)M(03) + 6(C0;)M(CO3) pan
t1 body TR
- f"(Hzo)M(Hinn) + d'(Hzo_)M(Hzoout) — 0'(02_)M(02) '
+ 0(C0,)M(CO;) — 6(H,0)M(H,0;,) + 6(H,0)M(H,0,,,) -- "
_f Ao T3- +36A0' T3 o+ anv + Qevp + Qrad + anv_res posmve i ‘.‘:‘ Ei'"
311 SB air 3 5B skin Tskin Tbody Tskin Tskin "" :
Qevp_res

1 t2
m(t) dt — -[t aPROD(no stress) (t)dt

Tbody 1




Stres a rizeni organismu?

Co to vSe znamena?

Jak je rFizena telesna distribuce tuku?

Jak souvisi telesna distribuce tuku s celularitou

AT?

Jak souvisi celularita s termogenezi?

Jak s tim vsim souvisi sympatoadrenalni osa?

A HPA osa?
Jak s tim souvisi kvalita okolniho prostredi?
A jde to zmerit?
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Stres a rizeni organismu?

Jak je rizena telesna distribuce tuku?

Jak souvisi telesna distribuce tuku s celularitou

AT?

Jak souvisi celularita s termogenezi?

Jak s tim vsim souvisi sympatoadrenalni osa?

A HPA osa?
Jak s tim souvisi kvalita okolniho prostredi?
A jde to zmerit?



Dychatelny vzduch?

49

An Improved Dynamic Model for the Respiratory Response to Exercise

Leidy Y. Serna%?",

Miguel A. Mafianas??,

Alher M. Herndndez3 and
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http://www.frontiersin.org/people/u/476412
http://www.frontiersin.org/people/u/228348
http://www.frontiersin.org/people/u/501996

— Adaptace na vysokou nadmorskou vysku trva od 2
tydnu do 2 mésicu.

— VetSina zmen se deje, aniz by o nich dany Clovek vedeél

— Pri dlouhodobém pobytu maji tyto zmeny i zjevny
strukturalni korelat — tzv. soudkovity hrudnik.

— Ruzné dalSi zmény — vySSi pocet krvinek, vétsi kapacita
krve pro prenos kysliku

— Télo udrzuje vyssi miru hydratace

— Rdazné populace: Tibetané, obyvatelé And, Etiopané
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Dychatelny vzduch: rekord
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Ukryt: chlad a teplo

— Adaptace nateplo-zimu: Bergmannovo pravidlo
Teplokrevni zivoCichove Zzijici v chladné&jSim podnebi maji obvykle vétsi
télesnou hmotu nez odpovidajici ZivoCichové z teplejSiho podnebi

— Adaptace nateplo-zimu: Allenovo pravidlo

Teplokrevni zivoCichove Zzijici v chladné&jSim podnebi maji obvykle kratsi
koncCetiny nez odpovidajici zivoCichoveé z teplejSiho podnebi

Adaptace na teplo-zimu u Clovéka: ¢lovék se na vysokou teplotu adaptuje
prevazné pocenim, coz je aktivni proces uvolhovani tekutiny potnimi
Zlazami. Adaptace na chlad se déje primarné vazokonstrikci — stazenim
cév v periferii, ale timto samotnym mechanismem nelze v nizSich
teplotach dosahnout preziti. Na nizkou teplotu se adaptujeme dumysinym
systémem obydli — ukrytd a technologickych feSeni (oble€eni), jedna se
tedy primarné o technickou-kulturni adaptaci.

Physiological

Behaviorial

Cold-defense Heat-defense

Mitochondria

Non-shivering P:V )
(BAT) !  UCP1 Activated Inhibited

thermogenesis e |

Skin blood flow ﬁ/ Vasoconstriction Vasodilation

Water I S # Sweating
evaporation %F Inhibited Panting

Saliva spreading

=
Shivering
thermogenesis

/ Activated Inhibited
] 4

=

Postural % Reduce Increased
changes %R exposed surface exposed surface
Temperature D Heat-seeking Cool-seeking

choice w

Nesting
Social huddling

Altering

. . Air conditioning
microenvironment
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O =



Ukryt: chlad a teplo - rekordy

— Suchy vzduch: 120+ °C (248+ °F)
kratkodobe, 70+ °C (158+ °F) dlouhodobé
(s pristupem k vodé o nizsi teploté)

— Tropicky vzduch: 60+ °C (140 °F)
kratkodobe, 47 °C (117 °F) dlouhodobe

— Saturovany vzduch: 48 °C (118 °F)
kratkodobe, 35 °C (95 °F) dlouhodobé

— Voda: 46° C (115 °F) kratkodobe, 41°C

(106 °F) dlouhodobé

adapted from Yarmolinsky et. al. 2016 \\_/

A

Temperature discrimination Lateral Parabrachial

Preoptic Area )
Temperature homeostasis
PACAP+ WSNs -/\ -

Somatosensory
Cortex

AF/F

N
;

30 °C 42 adapted from
d Morrison 2008, 2010
adapted from Tan et. al. 2016
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g Warm-acti
- ®
- =y e
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3% 7350 °C / AR —
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8 S\ ___ryer 09 i
8 Type | (70%) . Ganglia =~ s
2 / \___Type Il (20%) / g
0
& N"\__Typellll (10%) /_c Skin/Visceral A
‘- Spinal Cord IempiChange
adapted from Ran et. al. 2016

Regulati fBody T ture by the N Syst
Chan LekTaniZachary AKnightizs emR/ﬂ' lEJ |[\; |



https://www.sciencedirect.com/science/article/pii/S0896627318301430#!

Decreased effective
circulating volume

Voda? |

Decreased venous —— Decreased atrial — Increased ADH =
return stretch release =—

t) l l
Decreased cardiac

I outpit _l Increased renal
& B.P. —l [ perfusion 1 -

A
| Decreased
Baroreceptors Decreased afferent peritubular
l arteriolar stretch capillary hydrostatic
pressure

Increased l‘
l:wnpamaﬁc ‘

tone . Increased renal |—
le Increased renin :ﬂm Na mmtm |
changes (increased 4
cardiac output, Alterad Na
increased peripheral delivery to
resistance) macula densa Y

. Increased
Increased .
affective

circulating
" volume

54 Definujte zapati - nazev prezentace / pracovisté
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Voda: fyziologicke pozadavky, rekord?
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Prijem potravy?
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PSYCHOLOGICALAND
BEHAVIOURAL EVENTS
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Pre-prandial early late |
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, Satiation Satiely l
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Potrava: fyziologicke pozadavky, rekord?

74 vs. 382 dni? I\I\ﬂ lEJ

Noc védcl 2019 — JD — Ustav patologické fyziologie



A co vesmir?

— Vsechny 4 podminky zaraz!






60

Budeme u toho?

— Ano!







