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AVYZIVOVEHO STAVU

Petr Babula

Podékovani: prof. MUDr. Marie Novakova, Ph.D. (nékteré prevzaté slajdy)

I

\

M &<
W ——




PRIJEM < > VYDEJ

CENTRUM SYTOSTI —_ 5 CENTRUM HLADU
(trvale aktivni)

ncl. ventromedialis v hypothalamu lateralni hypothalamus
(jadro pod fasciculus telencephalicus medialis)



VZNIK POCITU SYTOSTI
PRIJEM POTRAVY
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Zvykaci  Receptory v nose, Mechanoreceptory Chemoreceptory
pohyby  ustech, hltanu, zaludku GIT
travici trubici

\ |

Centralni
gluko-
termo-
lipo-
receptory

ZPRACOVANI INFORMACI V CNS

(CENTRUM SYTOSTI = ncl. ventromedialis v hypotalamu)

PRERESORPTIVNI SYCENI 1
SYTOST

RESORPTIVNI SYCENI



VZNIK POCITU HLADU

SNIZENY PRIJEM POTRAVY
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Hladové Snizena Snizeni Zmény lipidového
kontrakce dostupnost produkce tepla metabolismu
zaludku glukozy

|
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Mechanoreceptory Glukoreceptory Vnitini termoreceptory ,,Liporeceptory*
RN (hypotalamus)

HLAD ‘

KRATKODOBA REGULACE
DLOUHODOBA REGULACE

Kompenzace dietnich chyb



REGULACE PRIJMU POTRAVY

HYPOTEZA:

1. Lipostatickd — mnozZstvi energetickych zdsob (tukova tkarn)

2. H. stievnich peptidi — vyznam strevnich peptidu

3. Glukostaticka — kolisdni glykémie

4. Termostaticka — vnitini receptory, pokles produkce télesneho

tepla
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PSYCHOLOGICALAND
BEHAVIOURAL EVENTS

Diagram showing the expression of appetite as the relationship between three levels of operations: the behavioral pattern,
peripheral physiology and metabolism, and brain activity. PVN, paraventricular nucleus; NST, nucleus of the tractus
solitarius; CCK, cholecystokinin; FFA, free fatty acids; T: LNAA, tryptophan: large neutral amino acids (See (4) for detailed
diagram).



OREXIGENNI FAKTORY

* Neuropeptid Y

* Orexin AaB (hypocretin 1 a 2)

* Hormon koncentrujici melanin

« ARP (agouti-related peptide)

« Ghrelin (lenomorelin) — tzv. hormon hladu (sekrece z ,,prazdného
zaludku)

* Insulin

* Cukry (fruktdza)

ANOREXIGENNI FAKTORY

« POMC - pouze MC4-R!
* CRH (kortikoliberin)
« CART (cocaine- and amphetamine-regulated transcript)
* Peptid YY (pankreaticky peptid; L-buniky v ileum a kolon,
tlumi Zalude¢ni motilitu, zvySuje resorpci)
« CCK (cholecystokinin)
« glukagon LEKY !!!



LEPTIN (ob-protein) — ob gen

Secernovan adipocyty do krve

Vazebné proteiny
Uc¢inek na CNS (regulace télesné hmotnosti a stalosti tukové hmoty téla)

* Sérove hladiny maji pulzativni a diurnalni charakter

* Forma volna a vazana (v séru)
« HUBENI LIDE MAJI 2x VICE VAZANE FORMY NEZ OBEZNI
« LEPTINOVA REZISTENCE: &asto u obéznich s inzulinovou rezistenci

RECEPTORY z rodiny cytokina (Ob)
* Periferni (gonady)
 Centralni (hypotalamus, hypofyza)
Transduk¢ni systém neni doposud pln€ objasnén.
ADAPTACE NA HLADOVENI
Moduluje expresi genii pro estrogeny.
Regulace obezity leptinem zprostiedkovina NPY a MSH.

Leptin Fidi zasoby télesného tuku koordinaci pfijmu potravy, metabolismu,
autonomniho nervstva a energeticke rovnovahy.



FIGURE 1. Figure 1. An ob/ob mouse bearing a homozygous mutation of the Lep gene (right), and its normal sibling
(left). Figure reprinted by permission from Macmillan Publishers LTD from R.L. Leibel (2008) Int. J. Obes. 32, S98.
Copyright 2008.



TUKOVA TKAN LEPTINOVA REZISTENCE

UBYTEK HMOTNOSTI
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Hormone Food Energy Bone and cartilage
regulation  intake expenditure « Regulation of bone mass
Rheumatcid arthritis
Osteoarthritis
NO
Chondrocytes
.
b @5
Central actions \ A o@
Vascular function «——— @ = Immune system modulation
« Atherosclerosis « Cytokine induction
« Angiogenesis « Chemotaxis
« Oxidative stress « Macrophage activation
« Natural killer cytotoxicity
« Ty stimulation
Reproduction Other targets « T2 inhibition
« Placantal function « Kidney « Increase of maturation and
« Trophoblast invasion « Bowel survival of thymic T cells
« Foetal function « Pancraas « Increase of IL-2
« Gonadotrophins and « Muscle « Naive T-call proliferation
gonadal hormones « Dendritic cells activation

Source: Nat Clin Pract Rheumatol ©2007 Nature Publishing Group
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Neuropeptid Y

- Antagonisticky efekt k leptinu
- - motilita + sekrece (zaludek, pankreas)
- Skupina peptidi
- peptid YY — ileum, tlusté stfevo (-)
- pankreaticky polypeptid (PP)
- hejen prijem potravy!
- cirkadianni rytmy
- kognitivni funkce
- modulace synaptické plasticity
- procesy starnuti?
- abusus alkoholu




Ghrelin

Zejména endokrinni bunky fundu zaludku (ale 1 jinde!) —
interdigestivni faze

Signalizace ,,prazdného Zaludku‘ — aktivace pocitu hladu

Zmeéna vnimani naplné zaludku (mechanoreceptory)

Protekce GIT (protizanétlivé ucinky)

Anabolické procesy spojené S piijmem potravy?

VIiv na endotelialni funkce?

Inhibice sekrece GnRH

CNS: uceni a pamét’, delka spanku



Central nervous system

Hippocampus

Ventral tegmentum
and nucleus accumbens

Hypothalamus

Nutrient
intake

C Blood circulation

|

A Ghrelin

T

Stomach
(or ducdenum)

Brainstem

Blood-brain barrier

Autonomic nervous systems
Hypothalamic-pituitary endocrine axes

Paracrine or endocrine
effects on GI motility

Ghrelin

b 1P

Adipose tissue

(BAT, WAT) Pancreas

l

l l |

Glucose, lipid and energy metabolism

Figure 1. The effects of ghrelin on the CNS, and subsequent glucose, lipid and energy metabolism.

(A) Ghrelin is secreted mainly by the stomach, and can (B) have paracrine or endocrine effects on GI motility or (C) circulate in the blood and
act on CNS growth hormone secretagogue receptors (GHS-Rs) inside and outside the blood-brain barrier. Known target areas in the CNS
include the hypothalamus, the ventral tegmentum and nucleus accumbens, the hippocampus and GHS-R populations in the brainstem area. The
actions of ghrelin in the CNS contribute (D) to the control of food intake and (E) co-regulate tissue-specific cellular pathways in the periphery,
thereby governing glucose, lipid and energy metabolism. Control of peripheral metabolism by ghrelin and the CNS is mediated by the
autonomic nervous system as well as the hypothalamic-pituitary endocrine axes. Apart from in the stomach, ghrelin is produced in a variety of
peripheral tissues, although to a very low extent. (F) Paracrine ghrelin secretion from pancreatic cells might, however, be of importance for the
inhibition of insulin secretion from B cells as well as for p-cell viability. Abbreviations: BAT, brown adipose tissue; CNS, central nervous system;

GI. aastrointestinal: WAT. white adipose tissue.
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- Energeticky metabolismus — prijem potravy

- také: kontrola spanku/bdéni, funkce v GIT a kardiovaskularnim systému
- Vyznamné modulatory endokrinnich funkci?

- Rytmicita nékterych procest (Glu-jatra)

- Termogeneze — hypo-/hypertermie, zejména s ohledem na spanek

- Narkolepsie

- Neuropsychiatricka onemocnéni




ARP - agouti-related peptide

Ventromedialni ¢ast nucleus
arcuatus - koexprese s NPY

| jiné¢ tkané (nadledviny,
plice, ledviny, varlata, atd.)

Receptory pro melanokortin
(3,4)

Vyrazné  orexigenni +
snizeni  metabolismu a
vydeje energie
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Galanin

Orexigenni — CNS + GIT (duodenum, zaludek, ileum, colon)
Nocicepce, regulace spanku/bdéni, regulace pfijmu potravy
nékterych kognitivnich funkci

Vyznam U nékterych chorob (neurodegenecrativni) a U poskozen
nervove tkang

Diabetes typu 2 (inzulinova rezistence)

LIGAND RECEPTORS SITE OF ACTION

GalR1 Peripheral
*Nerve injury / Pain
*Pancreatic function

Galanin GalR2
Highly inducible CNS
neuropeptide with synaptic GalR3 *Seizures
and neurotrophic effects *Depression
*Aging
+AD

Fig. 1. Galanin is a highly inducible neuropeptide, mediating its synaptic and neurotrophic effects via three
G-protein coupled receptors, GalR1-3. Galanin and its receptors show a widespread distribution, both in the cen-
tral and the peripheral nervous system and galanin has shown to play a role in several physiological functions such
as nerve injury, nociception, pancreatic functions, cognition, mood regulation, aging, AD and seizures. Region-
ally specific expression of the galanin receptors are suggesting different physiological roles.



- Mechanismus zavisly na dostupnosti ATP

Cukry — fruktéza

Glucose — M ATP] — {J[ AMP] — dephospho- AMPK —

(inactive)

dephospho- ACC — 1} malonyl-CoA] — |} food intake.

(active)

In contrast to the anorexigenic effect of centrally administered
glucose, fructose exerts an orexigenic effect (ref. 8 and Fig. 7).
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Differential effects of central fructose and glucose
on hypothalamic malonyl-CoA and food intake

Seung Hun Cha?, Michael Wolfgang?, Yuka Tokutake®, Shigeru Chohnan®, and M. Daniel Lane®'

“Department of Bialogical Chemistry, The Johns Hopki
College of Agriculture araki

Contributed by M. Dar mber 18, 2008 (se jeve September 2, 2008)

The American diet, \at of adolescents,
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Fig.7. Effect ofi.cv.injection of fructose and glucose on neuropeptide mRNA expression and food intake. Food-deprived mice were given i.c.v. injections (400
1g/2 pl) of fructose or glucose (n = 4 mice per group). (4) After 10 min hypothalami were removed, RNA was isolated, and mRNA content was determined as
described (9, 16). =+, P <2 0.01; #, P < 0.05 versus fructose; ##, P < 0.01; #, P < 0.05 versus glucose. (B) Mice were given access to food and food intake measured

over the next 30 min {(n = 4 mice per group). *, P < 0.01 versus control.

tySchool of Medicine, Baimore, MD 21205; and ¥Department of Bioresource Science.

ins highly  AMP <5 ADP + ADP) (13, 14). Because AMP is an activator of
palatable foods of high-energy content and large amounts of  AMP kinase (AMPK), a drop in AMP level causes the deph
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CART - Cocalne- and
amphetamine-regulated transcript

Nazev?

Nejen hypothalamus (také napt. GIT)

Systém odmény, nalada, stress, endogenni psychostimulant
Pocity uzkosti ve vztahu k navykovym latkam?

Stimulace metabolismu tuki smérem k mobilizaci tuk
- MRNA signifikantné zvysSena U jedinct S vysokym obsahem tuki \
potrave
- ZvySeni rovnéz I U obéznich jedinci
- Uzky vztah k leptinu (pozitivni korelace)



CCK

Zpétnovazebna kontrola GIT
- Kratkodob4 inhibice vyprazdiiovani zaludku a sekrece HCI
- Stimulace sekrece pankreatické stavy a zluce
- Anorexigenni efekt — efektivni traveni?

CCK receptory v mozku (CCK-A/B) — area postrema

Periferni CCK receptory (CCK-A)

CCK-B antagonisté a potlaceni pocitu sytosti

Dalsi specifické funkce, napt. ve vztahu K inzulinu (transport pies
HEB)



STAV VYZIVY - VYSETROVACIi METODY

METODY ANTROPOMETRICKE
Inspekce

Télesna hmotnost (kg)

BMI

Obvod pasu, pomér pas-boky

Urceni procenta télesného tuku (kaliper, impedan¢ni metoda, densitometrie,
CT)

Urceni ATH (aktivni télesna hmotnost, %, vaZeni pod vodou)

Méreni objemu velkych svalovych skupin

METODY BIOCHEMICKE

Celkova dusikova bilance

Odpad dusiku moci

Stanoveni plazmatickych hladin bilkovin
Inkorporace AMK

Urceni prealbumini, transferinu
Vylu€ovani vitaminli nebo jejich metabolith

METODY IMUNOLOGICKE




RACIONALNi
——— ZVLASTNI VYZIVOVE SMERY

VYZIVA —_

HLEDISKO: evoluéni
nabozenskeé
historickée

POZADAVKY RACIONALNI VYZIVY

*Kvantitativni

*Kvalitativni  Esencialni slozky potravy:
*Nadstavbovy AMK, MK, stopové prvky
*Esteticky

*Ekonomicky

Aspekt vyzivovych zvyklosti: kulturné-historicky
socialné-ekonomicky




OBEZITA (OTYLOST)

Patologické zvySeni télesné hmotnosti podminéné nadmérnym

hromadénim télesného tuku a doprovazené radou zavaznych

komplikaci.

INCIDENCE

2008 v CR: 52% populace s vy$§i hmotnosti téla (35% nadvaha,
17% obezita), nad 45 let — jen 30% populace s normalni hmotnosti

(muzi — 72% vs. Zeny — 60%)

Naritsta procento obéznich déti!!! (2014: 24% hosi, 23% divky)

TYPY OBEZITY:

ALIMENTARNI (EXOGENNI)
SEKUNDARNI, SYMPTOMATICKA

DUVODY PREJIDANI

Rodinné zvyklosti  vs. GENETIKA???
Jidlo zdarma

Psychické poruchy (deprese, poruchy ptijmu potravy)
Nabozenske divody

Frekvence obezity pfimo imérna stupni vzdélani
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CLASSIFICATION OF OVERWEIGHT AND
OBESITY BY BODY MASS INDEX

OBESITY CLASS BMI KG/M?
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9
Obesity I 30.0-34.9
Obesity 11 35.0-39.9
Extreme obesity I11 >4()

- Genetické priciny obezity:

LEP gen, prislusny receptor!

FTO gen (fused toes and other abnormalities, diabetes 2. typu, obezita)
melanocortin-4 receptor (MC4R)

TMEM18, KCTD15, GNPDA2, SH2B1, MTCH2, NEGR1



PROBLEMY SPOJENE S OBEZITOU

1. Nepititazlivy vzhled (spoleenska izolace, problémy v partnerstvi,
problémy s vyhledanim zaméstnani)

2. Ekonomicka zatéz (jedince - zvySene vydaje za potraviny, spole¢nosti —

vydaje zdravotnich pojist'oven)

Ptedcasne opotiebeni kloubt (kolena, ky¢le, pater)

Varixy, trombozy, embolizace

Diabetes mellitus

Poruchy lipidového metabolismu

Hypertenze

SrdeCni infarkt + RIZIKOVE CHOVANI
Mozkova mrtv1ce

© 0 ~NO U AW

11. Poruchy fertility (potence, cyklu)

Tlusti lidé umiraji drive, maji tézsi Zivot a trpi mnoZstvim
neprijemnych chorob




Metabolicky syndrom

Metabolicky syndrom

* Jedna z nejcCastejsich pricin morbidity a mortality
populace

» Definice
— obvod pasu nad 102/88 cm
— TG v plazmé na 1,7 mmol/l -
— HDL v plazmé pod 1 mmol/ INZULINOVA
— TK 130/85 a vyssi REZISTENCE

— Gly nalaéno nad 6,1 mmol/I

\

 NAFLD (steatoza jater) je povazovan za jaterni
manifestaci metabolického syndromu




Central obesity

(usually BMI > 30 kg/m2),
plus 2 of the following:
-TGs > 150 mg/dL

Food intake >>
energy needs

aq a

- HDL < 40-50 mg/dL
- T blood pressure
- hyperglycemia &
' Abnormal liver function:
4______‘.— - Hepatic glucose output T

| _- Glucose uptake TT
/ (& conversion into lipids)
- Fatty acid uptake TT
(& T conversion into TGs and

” " ™ VLDL and their release into
=R

Pancreatic islet mass T, |
€ followed by exhaustion

 Abnormal gastrointestinal activity: |

namre,, .
medicine

Abnormal hedonic response|

Abnormal satiety

Abnormal homeostatic response
Abnormal nutrient sensing

' Abnormal central regulation
of systemic metabolism:
- Disrupted endocrine hormone axis

Dysregulated afferent autonomic
nervous system

Pancreatic hormones:
Glucagon
Insulin T (but with resistance)

Dietary nutrients TT

Abnormal visceral adipose
tissue function:
- Glucose uptake 4
(& conversion into lipids &
stored as fat)
- Lipid uptake TT
(& stored as fat)
- Lipotysis T
2 I o ot aky ackss k00

the blood stream)

[ Net result:
Increased fat storage & fat
tissue hypertrophy

Abnormal muscle function:
- Glucose uptake {
- Fatty acid uptake TT

Complications of

Chronic Diabetes:

- chronic kidney disease

- cardiovascular disease

- peripheral nerve damage

- eye disease & blindness

- non-healing skin ulcers,
usually leading to amputations

- non-alcoholic fatty liver disease,
which can lead to cirrhosis

- Dietary fats & sugar absorption T A ggtKhormones
o Ghrelin
- Alterations in gut microflora, PYY RE———
e g ECs T Inc d:
GLP14 stimulates insulin release

}_> - inhibits glucagon release
GIP - increases insulin sensitivity
- effects on gut motility

1 Anti-inflammatory &
T1 pro-inflammatory cytokines

Adipose tissue hormones:
- Leptin T (but with resistance)
satiety |
energy expenditure L
immune dysregulation
angiogenesis dysregulation
subfertility
bone dysfunction
- Adiponectin 4
gluconeogenesis T
glucose uptake 4
insulin sensitivity &
body weight T
endothelial function 4



ROZLOZENI TUKU

*Difuzni (plizivy nastup obezity)

*Androidni (vysoka frekvence DM — typ ,,jablko)
*Gynoidni (typ ,.hruska‘), zvlastni typ - steatopygie




Madelungiiv limec




SEKUNDARNI OBEZITA

Nejcastéjsi piiciny:

» Hyperkotizolismus

» Muzsky hypogonadismus
 Prolaktinom

* Hypotalamicka obezita



TERAPIE OBEZITY PREVENCE

1. Omezeni piijmu energie potravou

U muzt pod 11 tis.kJ/den, u zen — pod 8 tis.kJ/den
Omezit sacharidy (INZ — antilipofilicky hormon), omezit lipidy (obc¢as tukovy den).
Vynechat: stl, koteni, kavu, alkohol.

2. Zvyseni vydeje energie pohybem

Aktivita vyvolavajici zvySeni TF na 140-150/min.
Cyklické, Svihové pohyby (zakladni gymnastika).
Omezen¢ plavani.

3. Dopliikové metody

Anorektika - farmakoterapie

Hormony stitne Zlazy

Lazné

Psychoterapie

Chirurgické zasahy — BARIATRICKA CHIRURGIE



