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DISEASE DEVELOPMENT
(NO NEW SET-POINT)

HOMEOSTATIS
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The loss of universal helminth infection as occurred in earlier human evolution may alter the numbers or types of
bacterial and fungal commensals and thus affect normal mucosal tissue homeostasis. In susceptible or highly
exposed individuals, such alterations might alter the balance between immunotolerance, immunosurveillance and
nutrient extraction. This imbalance may contribute to the appearance of inflammatory systemic dysregulation at
mucosal surfaces, resulting in increases in asthma and allergic diseases, particularly in the setting of

environmental changes that have increased exposure to indoor allergens and pollutants, and even to increases in
obesity, which can be a risk factor for severe asthma.



Nutritional Epigenetics
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Epigenetic effects of nutrition
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Epigenetic control gene expression
Epimutations - EpiSNPs

Disease ADME Genes:
Specific Phase | enzymes
Genes: Phase II
involved .m Transporters
Metabolic Metabolisation
Syndrome &  pNA repair
Inflammaging

For example

PITX2, BRCAL, GPX3,

MGMT, PLK2, TFAPZE,
For exaomple OSCP1, SFRPS, RASSFIA

LEF, NPY, POMC,
MC4R,IRS1, INS,
ADIPOQ, UCP1, TNF
FTOGLUTA, IGF2,

MPO, CFIR, .,

GSTP / GSTA variants
UGT / SLC22 variants
CEBP1, FASN, MHTFR
HIF1A,5002, S003,
IFNG, PPARA, NR3C1

SULT2 / SULF variants
ABCA / ABCG variants
ABCB / GPX variants
ALDH variants, etc.

Disease risk Metabolisation

Diagnosis Adverse effects
Prognosis Strong/weak
response

Personalized Epigenetic Biomarkers

Cancer, CVD, CNS, Inflammagin

CYP members, GSTM family
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Personalized Nutrition

Overview of the mechanisms and consequences of epigenetic regulation by nutritional compounds.
Modulation of different classes of chromatin writers-erasers by phytochemicals (left panel). Genes encoding
absorptlon dlstrlbutlon metabollsm and excretion (ADME) protelns can be eplgenetlcally regulated and

From inflammaging
to healthy aging by
dietary lifestyle
choices: is
epigenetics the key
to personalized
nutrition?

Vel Szic KS!,
Declerck K1,
Vidakovi¢ M?,
Vanden Berghe W-.

contribute to diagnosis (biomarker) as well as dlsease prevention or progression (right panel).
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Efekt interakce bakterii, vird a eukaryot

ve zdravi a nemoci

Latent herpesvirus
iS5 confers. resistance to.,
A=t bacterial infection
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podminéna pfitomnosti nekterych
bakterii (E. histolytica a E. coli nebo
S. dysenteriae.

*Vnimavost hostitele k virové infekci
je podminéna zvlastni konfiguraci
mikroorganismu

Infekce herpesvirem muze
podminovat resistenci vuci
nékterym bakterialnim infekcim.
*Antibiotika mohou signifikantné
zmenit sloZeni mikroflory.

«Jasna korelace zjistena mezi
mnohymi nemocemi a dysbidézou.
+Siroké uZivani antibiotik muzZe byt
vyznamné ve vztahu k
dramatickému narustu
autoimunnich nemoci v poslednich
letech.

*Parazitarni infekce naopak
podporuiji resistenci vuci rozvoiji

autoimunitnich nemoci.

Cgll.2012; 148: 1258-1270


http://www.sciencedirect.com/science/article/pii/S0092867412001043#gr2

Cell 2012; 148: 1258-12

Rozvoj strevni mikroflory

PREGNANCY CHILDHOOD ADULTHOOD
Solid food
0~1month 1~6 months 6~24 months
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I|5 > Bacteroides)
Staphylococcus, 3
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Az do porodu je GIT plodu sterilni, po narozeni zacina kolonizace GIT novorozence. Podle typu porodu se tato iniciace
podoba kolonizaci kuiZze (cisafsky fez) nebo kolonizaci vaginalni (vaginalni porod). BEhem prvnich tydnu Zivota je snizena
aktivita TLR, coz zfejmé& umozni stabilizaci stfevni kolonizace. Po zavedeni pevné vyZivy se zvySuje diverzita stfevni
mirkoflory a stfevni kolonizace se za€ina podobat dospélému jedinci. V té dobé se imunitni systém ,udi” rozliSovat mezi
,hodnymi“ a patogennimi bakteriemi. V dospélém véku je dosazeno relativné stabilniho (interindividualné odliSného)
slozeni strevni mikroflory, s dominantnim zastoupenim Bacteroidetes a Firmicutes. Rdzné nemoci se signifikantné lisi

zménami ve stfevni mikrofléfe a produkci cytokint v GIT.
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| Allergen-specific IgE | Thi cytokines

- IFNy, IL-6, TNF-0
| Allergen-specific IgG g | Treg numbers and function

| IL-10, TGF-B

[ Anti-inflammatory
] mucosal IgA <€ Probiotic bacteria > | scra

| inflammatory infiltrate

l Epithelial barrier

I Tight junction protein expression I Pathogen exclusion/killing

l Bacterial translocation l Adherence to epithelia, mucus

| Th2 cytokines o .
IL-4, IL-5, IL-13 | Bacteriocin production




orexigenic effects
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| energy expenditure

anorexigenic effects
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~Poptavka" (,wanting") po jidle a
energeticky prijem

O

nPoptavka" po jidle a energeticky prijem se jasne lisimezi
jedinci s normalni vahou a jedinci s visceralni obezitou a mezi
klidovym stavem a stavem stresu.

Jedinci s normalni vahou reaguji podobné v klidovych a
stresovych podminkach: poptdavka po jidle a energeticky
prijem klesd v nepritomnosti hladu.

Jedinci s visceralni nadvahou maiji naproti tomu zvysenou
poptavku po jidle i energeticky prijem v nepritomnosti hladu
ve stresovych podminkdch. Jejich poptavka po jidle, po
dezertu, snacku a jejich energeticky prijem, prijem cukru a tuku
v nepfitomnosti hladu je vyssi za stresovych podminek oprofi
klidovym podminkéam.

Psychosocidlni stres je spojen s vySsim prirustkem vahy mezi
jedinci s nadvdahou oproti jedincum s normalni nebo nizsi
vahou. Zdad se, ze jedinci s nadvahou jedi, aby poftladili stres.




Regulace prijmu potravy a télesné
hmotnosti

> Regulace prijmu potravy a télesné hmotnosti

pod|

ehaji neuroimunohormonalni kontrole.

> Centrum prijmu potravy: ventrolateralni

hypothalamus
> Centrum sytosti: ventromedialni hypothalamus

> Adipostat je nastaven na dosazeni urcité masy
telesneho tuku

> Adipostat je regulovan:

> krat
Inzu

> dlou

kodobou regulaci (vzestupem glykemie nebo
inu po jidle)

nodobé se uplatnuje celkova masa télesného

tuku. Zvysena hladina leptinu u vsech typd obezit.




Metabolismus

Vsechny chemické zmény, které se
odehrdvaiji v organismu. Zahrnuje:

B Anabolismus: proces vyzadujici energii. Malé
molekuly se spojuji a vytvareji velké molekuly

B Katabolismus: proces vedouci k uvolnéni
energie. Velké molekuly jsou obvykle stépeny na
mensi

Energie obsazend v cukrech, tucich o

bilkovindch je pouZita k produkci ATP

prostrednictvim oxidacné redukcnich
reakci.




Energeticky metabolismus

-vetsina latek z potravy je vyuzivana
jako zdroj energie

1g cukru 17,22k]

1g tuku 39,06k]

1g bilkoviny 23,73kJ]




Metabolicke cesty
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Oxidacné redukcni reakce

[0 Oxidace se déje ziratou vodiku
nebo ziskem kysliku

[1 Kdekoliv se odehrava oxidace,
musi byt doprovdzena redukci jiné
|atky

[0 Oxidovand latka ztraci energii

[0 Redukovanad Iatka ziskGva energi

0 Koenzymy (NAD, FAD) funguji jako
ofijimaci vodiku (nebo elektronu)




Stupné metabolismu

* Nufrienty obsahujici energii jsou
zpracovany ve trech stupnich:

1. Digesce - zpracovani
potravy; nutrienty jsou
transportovany do tkani

2. Anabolismus a tvorba
katabolickych infermedidlnich
produk’ru kde jsou nutrienty:

e v&zdny do lipidU, proteinu a

glykogenu, nebo:

* rozstepeny v metabolickych
cestach na pyruvat a acetyl

CoA.
3. Oxidativni rozstépeni—

nutrienty jsou katabolizovdny na

CO2, vodu a ATP

Anabolic
reactions Heat

Fatty
r— -
<
S —
'3 Fats
. £ :
Pyruvic acid
 AcetylCoA
P o S
Infrequent / R
= /| Krebs | |
| cycle ||
HETAA 4 | . 1COg)
= =
e |
o:_n-uve phosphorylation H0
(in electron transport chain)
Catabolic
+  reactions

Stage 1
- Digestion
in Gl tract
lumen

Stage 2
Anabolism
and formation

~of catabolic

intermediates
within tissue
cells

Stage 3

- Oxidative
breakdown in
mitochondria
of tissue cells

Amued



Podstata traveni:

X

-hydrolyza makromolekularnich latek z potravy
ucinkem enzymu,_vznikajl jednoduche latky
rozpustne ve vode, prochazejici
biomembranami

% -hydrolytické stgpeni zajistuji tri zakladni

skupiny enzymu:

% proteazy = proteolytické enzymy - postupne

stepi bilkoviny na peptidy az na aminokyseliny

x amylazy - stepi Skrob a glykogen na

disacharidy az monosacharidy {predevsim
glukozu)

lipazy - stepi triacylglyceroly na mastné kys. a
glycerol




B stav la¢néni
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Biochemicka charakteristika prostého hladovéni

> Vzestup koncentrace adrenalinu, glukagonu, pozdéji
glukokortikoidu

> \ycCerpani zasob jaterniho glykogenu (za 12-24 hod)

> Zvysena glukoneogeneze

> Pokles sekrece inzulinu (antagonismus s glukokortikoidy)

> Zvysena lipolyza se zvySenou ketogenezi (kys. B-
hydroxymaselna, acetoctova, aceton).

> Bilkoviny se setri

> Hubnuti az marasmus (pokud se spotrebovavaji i

strukturni bilkoviny)
> Stav se da rychle zlepsit dodavkou glukozy




Metabolismus cukru

O Vsechny cukry se metabolizuji na glukozu; proto je
metabolismus glukdzy ,,centraini*

0 Oxidace glukozy:
CH.,0O, + 60, > 6H,0 + 6CO, + 36 ATP + teplo

O Glukdza je katabolizovdana tremi cestami:
B Clykolyza
B KrebsUv cyklus

B Elektronovy transportni retézec a oxidativni
fosforylace




Metabolismus cukru

a Chemical energy (high-energy electrons) R

Mitochondrial
cristae Mitochondrion Via oxidative
phosphorylation
Via substrate-level
v phosphorylation \/ v



Glykolyza

OO0 Trifdzova cesta, ve které je:
B GClukdza oxidovana na kyselinu pyrohroznovou (PA)
O ztrdci 2 pdry vodik(
B NAD®'je redukovana na NADH + H*
O Prijimd dva pdry vodikU, které ztratila glukdza

B ATP je syntetizovana fosforylaci typu ,,subsirat-
hladina”

0 Pyruvat jako konecny produkt glykolyzy
B se premisfuje do Krebsova cyklu aerobni cestou
(bunka md& dostatek kysliku)

B je redukovdan na laktat v anaerobnim prostredi
(nedostatecnd nabidka kysliku bunce)
B pyruvat 5 laktat

<




Glykolyzo

Glucose
LSS Key:
Phase 1 —2ATP ® = Carbon
Sugar atom
activation .
2 ADP = Inorganic

bisphosphate

4

NADH+H*

(' Electrg:;l trans-
: port chain
cycle h|| and oxidative

phosphorylation

Figure 24.6



Glykolyza: faze 1 a 2

Faze 1: Aktivace cukru

B Dvé molekuly ATP akfivuiji glukdzu na
fruktdzo-1,6-difosfat

FAze 1: St&peni cukru

B Fruktozo-1,6-difosfat (6 C) se rozstepi na
dve slouceniny o 3 C:
OO0 Glyceraldehyd 3-fosfat (GAP)
0 Dihydroxyaceton fosfat




Glykolyza: faze 3

[0 Fdaze 3: Oxidace a tvorba ATP

B 3-uhlikaté cukry jsou oxidovany (redukce NAD*); 2
H+ NAD - NADH,

B Skupiny anorganickych fosfatU (Py) jsou pfipojeny ke
kazdému oxidovanéemu fragmentu

B Termindini fosfaty jsou uvolnény, pridavaiji se k ADP
a fvori 4 molekuly ATP

B Findini produkty jsou:
0 Dvé molekuly pyruvatu
0 Dvé molekuly NADH + H* (redukovany NADY)
O Cisty zisk dvou molekul ATP
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Glykolyza:

Cisty zisk 2
molekul ATP a 4
atomu vodiku.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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TABLE 3-8 Characteristics of Glycolysis

Entering substrates Glucose and other monosaccharides

Enzyme location Cytosol

Net ATP production 2 ATP formed directly per molecule of glucose entering pathway
can be produced in the absence of oxygen (anaerobically)

Coenzyme production 2 NADH + 2 H' formed under aerobic conditions

Final products Pyruvate—under aerobic conditions

Lactate—under anaerobic conditions

Net reaction

Aerobic: Glucose + 2 ADP + 2 P, + 2 NAD" —
2 pyruvate + 2 ATP + 2 NADH + 2 H™ + 2 H,0

Anaerobic: Glucose + 2 ADP + 2 P — 2 lactate + 2 ATP + 2 H,0




Krebsuv cyklus: pFipravny krok

Probinhd v mitochondridini matrix a je vazan na pyruvat a
mastné kyseliny
Pyruvat z glykolyzy se méni na acetyl koenzym A (A-CoA)
ve ffech krocich:
B Dekarboxylace

O 1 uhlik je vyjmut z pyruvatu; 3C — 2C molekula

O Z uvolnéného C vznikd CO2; ten je vydychdn
B Oxidace

OO0 2 atomy vodiku jsou vyjmuty z pyruvatu (‘oxidatfion’) @

vychytany NAD
O NAD* je redukovan na NADH + H*

- Tvorba acetyl CoA — vznikld kyselina octovd je vdzdna s
koenzymem A a vytvari ACoA)
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CH, NAD* NADH+H* CH,
(|3= O +CoA —SH (|3= O+
COC S—CoA

Pyruvic acid Acetyl coenzyme A

Each transition of pyruvate
to acetyl coenzyme A yields
one NADH and one CO.,.

The acetyl coenzyme A
then enters the Krebs cycle.




Krebsuv cyklus

[0 Cyklus o 8 krocich, ve kterém je kazdd kyselina octova
dekarboxylovana a oxidovana, coz vede k tvorbé:

B 3 molekul NADH + H* (ox/red)
B | molekuly FADH, (ox/red)
B 2 molekul CO2 (produkt dekarboxylace)
B 1 molekuly ATP (,,substrate level” fosforylace)
[0 Za kazdou molekulu glukozy, kterd vstoupila do glykolyzy,

o/

vstupuji dvé molekuly 1-CoA do Krebsova cyklu

B 16 C Glukdza — 2x 2 carbon acetyl coenzyme A (A-
CoA) + (2 CO2)
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Krebsuv cyklus

H

Glycolysis

=

T f'-"’l e
% S ATP?
BAR

N

Electron
transport chain
and oxidative

phosphorylation

Pyruvic acid from glycolysis
Cytosol
NAD*
l NADH + H*
Mitochondrion
Oxaloacetic acid (fluid matrix)

Citric acid

Key:
) = Carbon atom

0 = Inorganic phosphate

O = Coenzyme A

0000 SEHROD
NADH+H* (pickup molecule) (initial reactant)
b \
Malic acid Isocitric acid
0000 SODESS
Krebs cycle
NADH +H*
Fumanc acid a-Kotoglutaric acid
<5
FADH, & NAD*
Succinic acid +
FAD Succinyl-CoA ’ NADH +H
CHEe 2000 f
GTP GDP + °
ADP = ATP

Figure 24.7



Elektronovy transportni retezec

Strava (glukoza) je oxidovana a uvolnéné
atomy vodiku jsou:

B fransportovany koenzymy NADH a FADH,

B Vstupuji do fetézce proteinu vdzanych na
atomy kovu (kofaktory)

o/

B Slucuji se molekuldrnich kyslikem na vodu
uvolnuji energii

B Energie je pofrebnd pro vazbu anorganického fosfatu
(P:) na ADP, coz vytvori ATP procesem oxidativni
fosforylace

ADP + P — ATP




Mechanismus oxidativni fosforylace

00

Vodiky uvolnéne do retézce se rozkladaji na protony (H*) a
elektrony

B Profony jsou pumpovany pres vnitini mitochondridini
membrdanu do prostoru mezi obéma membranami.

B To vytvdii pH a koncentraéni gradient (iontd H¥)
B Elekirony jsou predavany od jednoho akceptoru k dalsimu
Elekirony se priddvaiji ke kysliku, coz tvori O%

O2- pritahuji H* napumpované do intermembrdnového prostoru a
tvori vodu

H* ktere byly napumpovany do infermembranoveho prostoru:

B Difunduji podél jejich gradientu zpdtky do matrix
prostrednictvim ATP syntetdzy (z mista vyssi do mista nizsi
koncentrace)

B Uvolnuji energii pro tvorbu ATP




Retézec transportujici elektrony
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O

Enzym se skladd
ze 1ri Casti: rotor,
klika (,,knob") a
tycka (,rod")
Proud tvoreny H*
Zpusobuje rotaci
rotoru a tycky
Tato rotace
aktivuje
katalytickd mista
v klice, kde ADP ¢
P. vytvdareji ATP.

ATP Syntetdzo
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A rotor in the
membrane
spins clockwise
when H*

flows through

it down the H*
gradient.

Inner
mitochondrial
membrane

A rod connecting
the cylindrical
rotor and knob
also spins,
activating
catalytic sites in
the knob.

A protruding
knob contains
catalytic sites
that join
inorganic
phosphate to
ADP to make
ATP.



Anaerobni respirace
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Metabolismus lipidu

O

Veétsina produktu metabolismu tukU je fransportovdna
do lymfy jako chylomikrony.

Lipidy v chylomikronech jsou hydrolyzovany
plasmatickymi enzymy a absorbovany bunkami

Oxidovany pro tvorbu energie jsou pouze neutrdlni tuky
Katabolismus tukU zahrnuje dvé oddélené cesty

B Glycerolovd pathway

B Cesta mastnych kyselin
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Triglycerides break down into
glycerol and 3 fatty acids. o
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Syntéza lipidu
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Triglyceride
Fatty acid
synthetase
ST [2) NN NN — One glycerol plus 3 fatty acids
Acyl : make a triglyceride.
unit Fatty acids

Two-carbon acyl units from acetyl CoA
are linked together by fatty acid
synthetase to form fatty acids.



Metabolismus bilkovin

0 Neesencidlni aminokyseliny mohou byt vytvoreny
transaminaci (= transfer amino skupiny na
ketokyselinu).

O Pokud maji byt vyuzity pro tvorbu energie,
aminokyseliny podstupuji oxidativni deaminaci. NH3
a ketokyseliny jsou vedlejSimi produkty této reakce.
NH3 je zménén na mocovinu a vyloucen modi.

O Aminokyseliny se v téle neskladuiji.




Katabolismus bilkovin

(a) Protein catabolism
Proteins are broken into amino acids by hydrolysis of their

peptide bonds. s
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(c) Ammonia is toxic and must be converted to urea.
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(b) Deamination
Removal of the amino group from an amino acid creates ammonia

and an organic acid.

NAD + H,O +
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H L, OH ‘ Deamination ‘ Ammonia A
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- Glycolysis or
citric acid cycle



Vnitrni zmény nutricnich molekul

Glykogeneze
B Prinadbytku glukdzy se tvori glykogen
Lipogeneze

B Pokud jsou sklady glykogenu naplnény, glukéza a
aminokysliny jsou pouzity k syntéze lipidu

Glykogenolyza

B Stépeniglykogenu na glukdzu
Glukoneogeneze

B Tvorba glukdzy z aminokyselin a glycerolu




Vnitrni zmény nutricnich molekul
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Zavér: metabolické reakce cukru

TABLE 24.4 ) Thumbnail Summary of Metabolic Reactions

Carbohydrates

Cellular respiration Reactions that together complete the oxidation of glucose, yielding CO;, H;O, and ATP

Glycolysis Conversion of glucose to pyruvic acid

Glycogenesis Polymerization of glucose to form glycogen

Glycogenolysis Hydrolysis of glycogen to glucose monomers

Gluconeogenesis Formation of glucose from noncarbohydrate precursors

Krebs cycle Complete breakdown of pyruvic acid to CO;, yielding small amounts of ATP and reduced
coenzymes

Electron transport Energy-yielding reactions that split H removed during oxidations to H" and e~ and create a

chain proton gradient used to bond ADP to P;, forming ATP

Table 24.2.1



Zavér: metabolické reakce lipidu a
bilkovin

TABLE 24.4 ) Thumbnail Summary of Metabolic Reactions

Lipids

Beta oxidation Conversion of fatty acids to acetyl CoA

Lipolysis Breakdown of lipids to fatty acids and glycerol

Lipogenesis Formation of lipids from acetyl CoA and glyceraldehyde phosphate

Proteins

Transamination Transfer of an amine group from an amino acid to a-ketoglutaric acid, thereby transforming
a-ketoglutaric acid to glutamic acid

Oxidative deamination Removal of an amine group from glutamic acid as ammonia and regenerating a-ketoglutaric

acid (NHs is converted to urea by the liver)

Table 24.2.2



Osobnostni typ D (,distressed"
personality)

0 Type-D denotes the synergistic effect of negative
affectivity (tendency to experience negative emotions)
and social inhibition (tendency to inhibit self-expression).

[0 As aresult, type-D patients experience more feelings of
anxiety, depression, and anger, but inhibit self-expression
in order to avoid disapproval by others.

0 Type-D is associated with a four- to fivefold increased risk
of death or myocardial infarction in cardiac patients.

OO Type-D personality was positively associated with the
cortisol-awakening response, independently of age,
sex, and body mass.




Type D behaviour

O

is characterized by the joint tendency to experience
negative emotions and to inhibit these emotions while
avoiding social contacts with others. The observation
that cardiac patients with type D personality are at
increased risk for cardiovascular morbidity and
mortality underlines the importance of examining both
acute (e.g. major depression) and chronic (e.qg.
certain personality features) factors in patients at risk
for coronary events.

Both type D dimensions (negative affectivity and
social inhibition) are associated with greater cortisol
reactivity to stress. Elevated cortisol may be a
mediating factor in the association between type D
personality and the increased risk for coronary heart
disease and, possibly, other medical disorders.




Resetting signals of the central and peripheral clocks.
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Autonomic innervation,
Humoral factors

o Locomotor activity,
Sleep-wake cycle,

Adipose tissue Liver Muscle Blood pressure

Food, Feeding regimens \J /

Light

Hormones, Metabolic pathways

Froy O Endocrine Reviews 2010;31:1-24
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Clin Invest. 2011 Jun;121(6):2133-41. Circadian rhythms, sleep, and metabolism.
Huang W1, Ramsey KM, Marcheva B, Bass J.

— ANS-autonomic nerve system

BMR-basal metabolic rate
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http://www.ncbi.nlm.nih.gov/pubmed/21633182
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21633182
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramsey%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=21633182
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marcheva%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21633182
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bass%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21633182
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http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22395806
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22395806
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22395806
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=22395806

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
fyziologickeé vystupy, které jsou vedeny
SCN a synchronizovany s prostredim,
coz ma za ukol zajistit optimalni aktivitu
nebo odpoved na potreby organismu v
prislusné denni nebo nocni dobé.




OLOGICAL GHANGES
- Impaired memory
- Dementia

*Mood disorders
- Anxiety

CARDIOVASCULAR CHANGES
- Heart Attack

- Stroke

“TIA

LIVER PANCREAS KIDNEY
- Altered metabolism

+ Obesity

- Diabetes

- Cancer

BREAST AND PROSTATE

- Cancer

- Increased oncogene activity

* Decreased tumor suppression
gene activity

UTERUS AND GONADS
“Infertility

- Cancer

- Low birtch 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.


http://www.sciencedirect.com/science/article/pii/S0149763414000104#gr1

Cirkadianni rytmicita

Cirkadianni oscilace vznikaji také na
urovni genove exprese a modifikace
proteinu a jejich sekrece. Tyto oscilace
jsou rizeny produkty hlavnich
cirkadidnnich genu.




Cirkadianni rytmicita

Funkce cirkadianniho systému 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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Behavioural Physiological rhythms Organismal

rhythms cycles

Brain (non-autonomous)

* SCN pacemaker « Seasonal
Sleep Wake Extra-SCN $ ;esgziductlve
Fast Feed  Periphery (autonomous) regeneration

« Liver (gluconeogenesis) « Epigenetic

« 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-BMALL1) 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.

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

Ir stior

Liver

Skeletal muscle

Adipose tissue
cumutlation

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
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Priklady cirkadidnnich rytmu u savci

Produkce melatoninu

Sekrece kortizolu

Teplota télesného jadra

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

Sekrece rustovych hormond

TSH
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Nocn

svet
svet
tvor

| 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
ovlivhéni center zodpovednych za
kognici a hypotalamickych jader, které
ovlivhuji metabolismus a periferni
cirkadianni oscilatory. Svétlo v noci
ovliviiuje sekreci a denzitu receptoru pro
melatonin.




Nocni prace

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




Nocni prace
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Nizsi ucinnost melatoninu jako
antioxidantu se asi ucastni v rozvoji
predcasneho starnuti, nemoci srdce a
malignit. NoCni prace vede take k jidlu v
noci, kterée je spojeno s preferenci
potravin s vysokym obsahem cukru a
tukU. Metabolismus cukru a tukd pfitom
nepracuje optimalne, coz vede ke
zvysené adipozité a inzulinové
rezistenci.




Pasmova nemoc - jet lag

O je Unava a poruchy spdnku plynouci z naruseni biorytmu
po rychlém leteckém prekondni nékolika ¢asovych
pasem. Priznaky byvaji 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 typické
ofiznaky patfi zejména Unava, nespavost a nechutenstvi,
castecné téz nevolnost, dezorientace,
podrdzdénost. Aklimatizace mdze trvat nékolik dnu.




Melatonin

Rytmicita melatoninu se pfizpusobuje krat$im
nocim v noci a delSim v zimé pouze v pripade, ze
zijeme v prirozeném cyklu svétlo - tma.

To, ze zijeme v umelém svetle, vede k oddaleni
zacCatku biologické noci v lete i v zimeé. 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.




Zdroje energie v organismu za normalnich a
. ’ o
patologickych stavu

> Sacharidy jsou nejpohotovéjsim zdrojem
energie ( z potravy, stepenim glykogenu,
glukoneogenezou).

> Tuky - pri jejich zvySeném odbouravani
vznikaji ve vetsi mire ketolatky (ketolatky
nemohou vyuzivat erytrocyty).
Ketogeneze “setri bilkoviny. Typické pro
prosté hladovéni

> Bilkoviny - zvysené odbouravany pfri
katabolickych stavech (stres).




Katabolicke stavy

Jsou vyvolany narus$enou regulaci metabolickych dé&ju
zanétlivou reakci (cytokiny), stresem (KA, GK),
dlouhodobou immobilizaci.

> Akutni tézka onemocnéni (adaptace na hladovéni
klesa, hrozi rychly rozvoj proteinove malnutrice).

> Zhoubné nadory - kachexie (cytokiny TNF, IL-1 a
IL-6).

» Traumata, popaleniny, horecka, bolestivé stavy,
AIDS (wasting syndrom).




Organove zmeny pri proteinovém a
energetickem deficitu

>
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Ubytek telesne vahy (ztrata vahy o 40% vede ke

smrti).

Objem ET se nemeéni (nebo relativni expanze ECT
proti_ ICT). Prj poklesu onkotickeho tlaku ECT hrozba
otoku (edemu).

Myokard- pokles srdecniho vydeje.

Snizeni funkce respira¢niho systému v dusledku
snizeni kontraktility dychacich svalu.

Snizeni motility zaludku a zaludecni sekrece
Snizeni exokrinni funkce pankreatu

Snizeni hmoty jater s poklesem obsahu proteinu,
tuku i glykogenu v bunkach u sekundarni
malnutrice. U primarni malnutrice jatra zvetsena v

o

~ dusledku tukové infiltrace a zvyseného mnozstvi

glykogenu.



Organove zmeny pri proteinovéem a
energetickém deficitu
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Hmotnost ledvin snizena pfri zachované funkci

Snizeni koncentrac¢ni funkce ledvin v ddsledku sniZeni
osmotického gradientu ve dreni (relativni zvyseni objemu
extracelularni tekutiny).

Snizeni sekrece v endokrinnim systému.
Snizena funkce imunitniho systému.

Poruchy funkce leukocytl (porucha schopnosti migrace a
schopnosti nicit fagocytované bakterie).

Snizena funkce komplementu, osponizace (nespecificka
imunita).

Atrofie kUZe a epitelu v GIT s poruchami téchto
prirozenych bariér oproti vnéjSimu prostredi.
Snizené hojeni ran u tézké proteinové malnutrice.




Dekuji vam za pozornost




