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TERMOREGULACE



Endotermni (teplokrevni) vs. ektotermni (studenokrevni) zivoCichové
Arkticka (20° - 40°C) vs. tropicka (22° - 27°C voda, 32° - 35°C) zvirata
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TERMOREGULACE

Soubor d&jli smérujicich k udrzeni teploty téla v (relativné) Uzkém teplotnim rozmezi

PRIJEM TEPLA

ZTRATY TEPLA

+ C\ +
PRODUKCE TEPLA A D VYDEJ TEPLA

eTeplota kiry (obalu) — poikilote

eTeplota jadra — homoiotermni regulace

rmni regulace

TERMOREGULACNI CHOVANI

Socialni termoregulace
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Teplota téla (°C) Symptomy

28
30
33
37
42
44

Hypotermie

Svalové potize

Ztrata termoregulacnich schopnosti

Ztrata vedomi

Fyziologicka teplota
Selhani CNS funkci

Smrt*

Hypertermie
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_PROUDENTI" TEPLA

\/nitfni proudéni tepla (mezi vnitfnimi organy a ktzi)

*\/nejsi proudéni tepla — vydej tepla
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PRIJEM A/NEBO ZTRATY TEPLA

 Zareni (radiace, salani, bez dotyku, IR)
» Vedeni (do okoli, teplotni gradient, dotyk)

( + konvekce - vitr)

do 36°C

PRODUKCE TEPLA

VYDEJ TEPLA

Odparovani (evaporace) — poceni
perspiratio sensibilis (potni zlazy)

p. insensibilis (difuze — klize a sliznice)
1 litr odpareného potu — 2428 kJ

e Zavisi na energetické preméne (10% BM odpovida +1°C)

 Rozdil mezi klidem a praci (podil svalstva pri praci az 70-90%)

e Tresova a netresova termogeneze (volni a mimovolni tresova t.)

e Hneda tukova tkan (B; adrenoreceptory, NA, lipolyza, exprese lipoproteinlipazy a

termogeninu, rozpojeni dychaciho retézce)
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RIZENI TERMOREGULACE

Aferentace: TRP kanaly — 2 typy Mechanismy:
TRPMS8 — chlad, TRPV1- teplo * Vegetativni
e Centralni termoreceptory e Somaticke

e Periferni termoreceptory (kozni — chlad) * Endokrinni (KA, tyroxin, TSH)
 Modifikace chovani

Termoregulacni centra — CENTRALNI TERMOSTAT
e Zadni hypotalamus — reakce na chlad (vasokonstrikce, ANS)

 Predni hypotalamus — reakce na teplo
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e (Horni cast stredniho mozku - ?)
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TERMOREGULACNI MECHANISMY

AKTIVOVANE CHLADEM

SniZeni vydeje tepla

Kozni vasokonstrikce +
StocCeni do klubicka +
Horripilace +

ZvySeni produkce tepla

Svalovy tfes +
Hlad +
Zvyseni umyslnych pohybu +
Zvyseni sekrece katecholaminti +

AKTIVOVANE TEPLEM

ZvySeni vydeje tepla

Kozni vasodilatace +
Poceni +
Zvyseni ventilace +

Nechutenstvi, apatie, ne¢innost

SniZeni produkce tepla
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FYZIOLOGIE PRACE
FYZIOLOGIE TELESNYCH CVICENI



Co to je prace ???

DRUHY SVALSTVA
« Kosterni

e Srdecéni
« Hladke

PRACE:
1. Dynamicka (pozitivné/negativné)
2. Staticka
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ZMENY PRI FYZICKE ZATEZI:

1. Kardiovaskularni
2. Respiracni

3. Metabolické

HOMEOSTAZA

TERMOREGULACE

Ergotropni systém - sympatikus

ANTICIPACE VYKONU

,Fight or flight“ — EVOLUCNI HLEDISKO

= =
m e
O =



KARDIOVASKULARNI REAKCE PRI PRACI

1. Reakce srdce

2. Reakce cévniho fecisté

1. ZvySeni minutového srde¢niho vydeje (srdeCni rezerva !)

2. ZvySeni koronarniho prutoku

3. Hyperémie v plicnim tecisti

4. Hyperémie ve svalech (rozdil mezi stahem a relaxaci !!!)

5. Vazokonstrikce v ,,nepotiebnych* fecCiStich — REDISTRIBUCE KRVE
6. VySsi prisun O, a metabolitt, vétsi odsun CO, a kataboliti

METABOLICKA AUTOREGULACE PRUTOKU

Pokles pH, pokles pO,, nartst pCO,, hromadéni K*, zvySeni teploty
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SRDECNI REZERVA = maximalni MV / klidovy MV | 4-7

KORONARNI REZERVA = maximalni KP / klidovy KP 3.5
CHRONOTROPNI REZERVA = maximalni SF / klidova SF 3-5

OBJEMOVA REZERVA = maximalni SO / klidovy SO 1,5

MV — minutovy vydej (I/min), KP — koronarni prdtok (ml/min/100gr), SF — srdecni frekvence (min-t), SO — systolicky objem (ml) |

= =



VYUZITI SRDECNI REZERVY VE ZDRAVI A NEMOCI

MV (I/min)
ATLETICKE SRDCE

307 :
FYZIOLOGICKA ODEZVA

207 . L
SRDECNI SELHANI
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PARAMETR V KLIDU V ZATEZ1 ZVYSENI (x)
Minutovy vydej 5-6 25 (35) 4-5 (4-7)
(I/min) Srdecni rezerva
Srdecni frekvence 70 210 (250-190) 3-5
(t/min) vékové zavislé Chronotropni rezerva
Systolicky objem 75 115 1,5
(ml) Objemova rezerva
Systolicky tlak 120 T ? -
(mmHgQ)
Diastolicky tlak 70 H 7 -
(mmHgQ)
Pulzovy tlak 50 70-100 1,5-2
(mmHgQ)
Stiredni tlak - - maly nartst
(mmHgQ)
Perfuze svali 2-4 60-120 30

(ml/min/100g)

(10% MV )
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RESPIRACNI REAKCE PRI PRACI

Pozadavky na respiracni systém:
1. Vys$§i vymeéna plyni —vyssi diftize
2. VySsi ventilace

3. Vyssi perfuze (hyperémie v plicnim fecisti)
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PARAMETR V KLIDU |V ZATEZI | ZVYSENI (x)
Minutova ventilace 6-12 90-120 15-20
(I/min)

Dechova frekvence 12-16 40-60 4-5
(d/min)

Dechovy objem (ml) | 0,5-0,75 2 3-4
Pritok krve (I/min) 5,5 20 — 35 4-6
Piijem O, (ml/min) - | 250-300 3000 10-12
VOZ

Celkovy CO, 200 8000 40
(ml/min)

PO, (Torr) 40 25

Extrakce O, (%) + + ++
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zotaveni
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Ventilace klid
(1 / min)

prace

v
e
\\\

>
el

S —

Psychika .
Propriocepce : : \
1 [ ‘ I :
hyperpnoe | tachypnoe Cas \
tachypnoe
(kyslikovy dluh)
,,Humoralni‘ stimulace 1 H*,

(K*, teplota, CO,, O,)

R=15-20 R=05

Ganong: Review of Medical Physiology, 24t edition
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OVERVIEW OF MUSCLE METABOLISM

ATP for muscle contraction is continuously produced by aerobic metabolism of glucose
and fatty acids. During short bursts of activity, when ATP demand exceeds the rate of
aerobic ATP production, aerobic glycolysis produces ATF, lactate, and H*.

-~

g Intestine Muscle tissue
> Glucose :
g absorbed Contraction
r i ADP
’ Liver glycogen Exercise . ;
\ P. Myosin
4! . [ ATPase
Glucose Glycolysis
T (anaesrobic)
Ca-ATPase
Pyruvate e N \
T Lactate «——— Pyruvate S~
—————— - »ATP
Amino Lactate «— @ L /| AP Relaxation
acids o > b
. —» Fajty — Acetyl CoA creatine
acids 'L
Adipose Glycerol + fatty acids Triglycerides .E’
tissue T Oxidative g .
Lipids stored in > phospgﬁ;,r lation E o
adipose tissue citric acid — Qo
cycle Creatine ~(P) (PCr)
ns Gas exchange (asrobic) AEP
i) at the lungs: 0,
CcO,
L
Glucose comes 9 Fatty acids can be o Lactate from anaerobic o Both aerobic and anaerobic
from liver glycogen used only in aerobic metabolism can be converted metabolism provide ATP for
or dietary intake. metabolism. to glucose by the liver. muscle contraction.

D.U.Silverthorn: Human Physiology (An Integrated Approach)
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AEROBIC VERSUS ANAEROBIC METABOLISM

Anaerobic metabolism produces ATP 2.5 times faster than aerobic metabolism,
but aerobic metabolism can support exercise for hours.

4 +—— - Hours
= F
ATP S Endurance
produced time for
(moles/min) maximal
2 +— muscle activity
s - 1 min
Phosphocreatine Anaerobic metabolism Aerobic metabolism
can sustain only produces ATP 2.5 times faster than supports exercise
10 seconds of aerobic metabolism but can support for hours.
maximal exercise. only 1 minute of maximal exercise.

D.U.Silverthorn: Human Physiology (An Integrated Approach)

KEY
. ATP production

Muscle endurance
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ENERGY SUBSTRATE USE DURING EXERCISE

At low-intensity exercise, muscles get more energy from fats than from
glucose (CHQO). During high-intensity exercise (levels greater than 70%
of maximum), glucose becomes the main energy source.
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OXYGEN CONSUMPTION AND EXERCISE

Oxygen supply to exercising cells lags behind energy use, D.U.Silverthorn: Human Physiology (An Integrated Approach)
creating an oxygen deficit. Excess postexercise oxygen
consumption compensates for the oxygen deficit.

Cellular energy use

O, consumption (L/min)

exceeds oxygen uptake Excess postexercise
(oxygen deficit) oxygen consumption
1.25 |
1.00
0.75 7
0507 Resting level of
0.25~ O, consumption
| | | | | |
2 4 6 8 10 12
A Time (min) A
Exercise Exercise MUnI
begins ends MED



BLOOD GASES AND EXERCISE

Arterial blood gases and pH remain steady with submaximal exercise.
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TELESNA VYKONNOST

*Spiroergometrie
*Typy ergometru
Index W,
*Tréning

*Unava (aerobni, anaerobni prah)

*Adaptace na télesnou zatéz
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