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REGULACE



HOMEOSTAZA

,homeo" + ,stasis"

Claude Bernard

L,complex organisms are able to maintain their internal
environment [extracellular fluid (ECF)] fairly constant in the
face of challenges from the external world"

,a free and independent existence is possible only because
of the stability of the internal milieu”

Walter Cannon

Lmaintaining a steady state within an organism regardless
of whether the mechanisms involved were passive (e.g.,
water movement between capillaries and the interstitium
reflecting a balance between hydrostatic and osmotic
forces) or active (e.qg., storage and release of intracellular
glucose)"




Arthur Guyton

Koncept homeostazy jako aktivniho regulacniho mechanismu s cilem
minimalizovat disturbance vnitrniho prostreds

Homeostatické mechanismy — homeostatické regulace

- Udrzeni regulované promenné ve vnitrnim prostredi v rozmezi
kompatibilnim se Zivotem

- Redukce sumu béhem prenosu informaci ve fyziologickych systémech

Dosazeni set pointu
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Regulovana velicina (,sensed")

Pritomnost senzoru pro danou velicinu
Udrzovana v rozmezr fyziologickymi mechanismy
Krevni tlak (baroreceptory)

Télesna teplota (termoreceptory)

Neregulovana velicina (,,controlled™)

Veliciny, které mohou byt meneny nebo modulovany

Senzor neni pritomen uvnitr systému

Udrzovani konstantni promenné (veliciny)

Srdecni frekvence — autonomni nervovy systém — pritomnost senzoru?
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HOMEOSTATICKY REGULACNI SYSTEM

EXTERNAL
DISTURBANCE!

(Any change in the conditions of
the external environment that
result in a change to the internal

environment)

External environment

Internal environment

Set point Y

f

measured value
of regulated Error
Sensor variable - detector
X
]
REGULATED

VARIABLE

y;

INTERNAL
DISTURBANCE!
(Any change in the structure or function of
the organism that results in a change to the
magnitude of the regulated variable)

o control
—signale| Controller }— i nals'

x.Y) 8

=

Effectors

—

Senzor

Mechanismus vedouci k udrzovani
,normalniho® rozmezi regulované
veliiny (set point a jeho vyznam)
Detektor chyby — porovnani
signalu se set pointem

Chybove hlaseni a  jeho
interpretace

OvladaC — regulace vystupu
efektoru
Vlastni efektor — determinace

regulované veliCiny (proménné)
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HOMEOSTATICKY REGULOVANE VELICINY

Control Center

Regulated Variable Normal Range or Value Sensor (Location If Known) (Location) Effectors Effector Response

Arterial Po, 75-100 mmHg Chemosensors (carotid Brain stem Diaphragm and Change breathing frequency and

bodies and aortic body) respiratory tidal volume
muscles

Arterial Pco, 3445 mmHg Chemosensors (carotid Brain stem Diaphragm and Change breathing frequency and
bodies, aortic body, and respiratory tidal volume
the medulla) muscles

K" concentration 3.5-5.0 meg/l Chemosensors (adrenal Adrenal cortex  Kidneys Alter reabsorption/secretion of

Ca®" concentration

H" concentration
(pH)

Blood glucose
concentration

Core body
temperature

Mean arterial
pressure

Blood volume
(effective
circulating
volume)

Blood osmolality

4.3-5.3 meqg/1 (ionized)

35-45 oM (pH 7.35-7.45)

70-110 mg/dl

98.6°F

93 mmHg

5 liters

280-296 mosM/kg

cortex)
Chemosensors (parathyroid
gland)

Chemosensors (carotid
bodies, aortic body, and
floor of the fourth
ventricle)

Chemosensors (kidney)

Fed state: chemosensors
(pancreas)

Fasting state: chemosensors
(hypothalamus, pancreas)

Thermosensors
(hypothalamus, skin)

Mechanosensors (carotid
sinus and aortic arch)

Mechanosensors

(Blood vessels: carotid
bodies)

(Heart: atria and ventricle)

(Kidney: juxtaglomerular
apparatus and renal
afferent arterioles)

Osmosensors
(hypothalamus)

Parathyroid
gland

Brain stem

Kidney
Pancreas

Hypothalamus
Hypothalamus
Medulla
Medulla
Hypothalamus
Atna

Kidney

Hypothalamus

Bone, kidney, and
intestine

Diaphragm and

respiratory
muscles

Kidney

Liver, adipose tissue,

and skeletal
muscle

Blood vessels and
sweat glands in
the skin as well as
skeletal muscles

Heart and blood
vessels

Heart
Blood vessels

Kidneys
Intestine

Kidneys

K

Alter reabsorption of Ca®*, alter
resorption/building of bone,
and alter absorption of Ca*"

Change breathing frequency and
tidal volume and change
secretion/reabsorption of H'/
bicarbonate ions

Alter storage/metabolism/release
of glucose and its related
compounds

Change peripheral resistance,
rate of sweat secretion rate,
and shivering

Alter heat gains/losses

Alter heart rate, peripheral
resistance, inotropic state of
the heart, and venomotor tone

Alter heart rate, peripheral
resistance, and inotropic state
of the heart

Alter Na* and water
reabsorption

Alter water absorption

Alter water reabsorption
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REGULACE

Rizeni Zivych systémd.

Zivé systemy — otevrené systéemy, jejichz existence je
vazana na tok energie, substratl a signalnich latek
mezi organismem a prostredim v obou smerech.

Probiha na vsech urovnich systému (bunka — cely
organismus).

Regulace nervoveé vs. Regulace humoralni.
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ZAKLADNI TYPY VAZEB

SERIOVA . : .

PARALELNI —

ZPETNA PRIMA ZPETNA NEPRIMA

=




VAZBA

/ ZAPORNA
T~ KLADNA

Odchylka osciluje nebo se plynule zvétsuije.

FYZIOLOGICKA
. . Zajisténi systémd, aktivace
KLADNA ZPETNA VAZBA

PATOLOGICKA
Nestabilita - smrt



ZAPORNA ZPETNA VAZBA

eUplatnuje se v regulacich

eKompenzuje odchylku regulované veliCiny
eMinimalizuje rozdil mezi skuteCnymi hodnotami
regulované veli¢iny a tzv. Zddanou hodnotou

| Regulovana . Regulovana
Vystupni soustava velicina
veliCina Regulacni odchylka
regulatoru , ..
— Regulator | Z&dana hodnota
KLADNA ZPETNA VAZBA

eNema regulacni ucinek

*Odchylku nekompenzuje, ale zesiluje

o\/'YZADUJE SIGNAL K UKONCENI Il
ePatofyziologie — zanét, horecka, ireverzibilni faze cirkula¢niho Soku M
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POZITIVNI ZPETNA VAZBA - PRIKLADY

Leptin |

[3-endorphin
IL-1, Prl,
GABA
DA

Estrogcn, i

-
\\\\\
~

—
\
1

|
|
Ovulation I

|

| /
| ,/

A 7/

’VLH surge

Follicular
Estrogen
development Proge;t.%rone
Ovulation
Source: Molina PE: Endocrine Physiology, 4th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

¢ LH

= s

=
Progesterone

Proggéterone

Pozdni folikularni faze (cca 2 dny pred

ovulaci)

- \Vysoké  hladiny estradiolu z
preovulacnich  folikul = zmeéna
negativni zpétné vazby do vazby
pozitivni

- Uvolnéni GnRH

- Senzitizace adenohypofyzy k GnRH

- Zvysena sekrece LH

- Stimulace dalsi sekrece estradiolu a
nasledne stimulace sekrece LH

- Permisivni plsobeni progesteronu
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M
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POZITIVNI ZPETNA VAZBA - PRIKLADY

Estrogen Oxytocin

Induces oxytocin
receptors on uterus

-

from from fetus
ovaries and pituitary

Stimulates uterus
to contract

Stimulates
placenta to make

Prostaglandins

!

Positive feedback

Stimulate more
contractions
of uterus

Copynght € 2000 Peancn Educaton, e

Estradiol

- R pro oxytocin

- R pro prostaglandiny
- Gap junctions

Oxytocin

- Prostaglandiny E2 a F2a

- pfima aktivace PLC a vapnikovych kanall
= uvolnéni vapniku z intracelularnich
zasob

- Krvaceni po expulzi placenty

- Drazdéni bradavek a ejekce materského
mléka

= =
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Trombin

POZITIVNI ZPETNA VAZBA - PRIKLADY

Pre-kallikrein

HMWK e
l N FXI

surfaces Extrinsic coagulation

Kallikrein ' pathway
F Xl =—————>F Xlla
FX
Intrinsic coagulation

™ Tissue
pathway F Xla ‘ factor

FIX =——— a FVlla<——— FVII

FVllla A

PRl |

+ """" N
F VIl J

[
:
1 FXa -
: Prothrombin N
" _»F Va :
R s /
¥ f i : Fibrin
Activated £V | F X1l —=F xmal
|
]

Fibrinogen

protein C .
<= Nrombomodulin___, Cross-linked
Protein C fibrin

»  Velmi malé mnozstvi trombinu nedostatecné pro aktivaci fibrinogenu
« Ctyri vyznamné zpétnovazebné mechanismy
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POZITIVNI ZPETNA VAZBA - PRIKLADY

thrombin
collagen

Ihmlnbo:ane A,
R |} — phosphol pase C (act vated)

P
{ [thromboxane synthetase]

-

thromboxane A,

vasoconsincion

P, P'P rnemb rane
A + phospholipids
/ Ca* DAG
phospholipase A, phospht:g)paseﬁ\ 1
arachidonic acid
N
|eycio-oxygenase 1| ~——
A platelet / \ @
PGH, PGG,

— ASA

platelet aggregation
platelet seaeggn
VESOCONSINCion

Agregace trombocyt(
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Membrane Voltage (mv)

-1 40

~-55
~-70

POZITIVNI ZPETNA VAZBA - PRIKLADY

------- —= = = = = ®

Stimulus

To stop cycle,

0 1 2 3 4 5
Time fmsl
Action Potential

H '

'

Na* channel E slower Na* channel |

——» activation gates @ Feedback cycle ” """ | inactivation gate |}
open rapidly 1 closes (see Fig. 8-10).!

More
depolarization

+ +
.  Slowk > | K" leaves Repolarization
channels open cell

. triggers
Depolarization | SOy
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¥~ Dendrite Neuronal ACtion POtentiaI

‘ Axon Hillock f-\ /-\ /\ /\
Cell Body ‘4'\ /'\ /‘\f\

Depolarization
Na* Na*

e
@

=) @

Repolarization

(S
x—> 3
v+
A=r> 5
TR J
+
PP —
+
Pr—
+

Na*
Threshold
=55mMVpsnsnnnns
Repolarization Depolarization Rt B @gga?m-imt;::%- ?’- >

®ﬂ'llii’-l'(*- @ Moises Dominguez
Lineage®© IVI U
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FYZIOLOGIE ADAPTACI



EKOLOGICKA FYZIOLOGIE

Zkouma vliv okolniho prostredi na zivé organismy a
jejich schopnost prizplsobit se zménénym podminkam

(Adaptational nebo Environmental Physiology)
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REAKCE (REGULACE): prima, bezprostredni odezva organismu
na zmeny prostredi

ADAPTACE = soubor biochemickych, funkcnich a
strukturalnich zmén organismu vyvolanych dlouhodobymi a
opakovanymi zménami prostredi

REAKCE (sekundy, minuty) ADAPTACE (minuty, hodiny, dny)
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INDIVIDUALNI
/

ADAPTACE ,
= GENETICKY FIXOVANA

ADAPTACNI MECHANISMY

= pochody, kterymi se navozuji nové, funkcné vice
uspokojivé parametry

Smyslem je navodit vyhodnéjsi vlastnosti pro preziti
jedince Ci druhu.

TRVANI ADAPTACNIHO PROCESU:
Minuty - roky
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m e
O =



DELENI ADAPTACI

a) Podle cilové slozky

« Nachlad

 Nateplo

* Na dieteticky rezim

* Na zménu nadmotské vysky

* Na slozeni atmosférického vzduchu
e Na télesnou zatéz..........

b) Podle vystupu

eAda
smys
eAda

ptace prvosignalni: zmény na urovni péti zakladnich
G
ntace druhosignalni: zmeny celkového chovani
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ADAPTACE KONFORMACNI
Organismy jsou nuceny k vytvoreni jiné celkové Urovné
sledovanych veliCin

ADAPTACE REGULACNI
Méni se operacni rozsah funkce

MECHANISMY ADAPTACI

1. Projev plasticity nervové soustavy

« zmény na molekuldrni arovni v CNS

* Zmeny genove exprese

* regulace poCtu trnii neuront

« zmény v zapojeni neuronovych siti (kortikalnich poli)
2) Zmény velikosti organii (adaptace na fyzickou zatéz)
3) Zmeény vegetativniho tonu (Sportovci)

4) Kratkodobé zmény barvy kize (opalovani)
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ADAPTACNI MECHANISMY — OBECNY

POHLED

FENOTYPOVE A GENOTYPOVE - morfologicky (ANATOMICKY) a funkéni
(FYZIOLOGICKY) status

Velikost potnich Zlaz
Podkozni tuk

Metabolismus/energeticky obrat
Poceni
Pohybova aktivita

v
r Adaptation j |

Functional Morphological
Mean body ‘ * Mean body
temperature  Active system Effectors Passive system | temperature
> (controlling system) > (controlled system) = | >
Endogenous Exogenous Y
heat (exercise) heat/cold

==
m e

Priklad: termoregulace
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AKLIMACE

Reakce celého organismu na zménu jednoho faktoru zevniho
prostredi

AKLIMATIZACE

Reakce celého organismu na zménu vice faktort zevniho
prostredi

CIVILIZACNI NEMOCI = nemoci z maladaptace

eviedova choroba zaludku
ehypertenze

eICHS

epsychozy

eneurozy

ZKOUMANI ADAPTACI na zvitatech
na dobrovolnicich
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ADAPTACE NA CHLAD A TEPLO

Hypothalamic
Temperature

Other deep
temperatures

Thermal comfort L 44

\ / and effector signal Cerebral cortex
for behavior
Te T
= Effector signal i
l for sweating Sweat glands
\ / and vasodilation
'\ @
Thermal Integration
— > error —>| of thermal ®
signal i
9 signais i Skin arterioles

e

Effector signal
for sweating
and vasodilation

Pyrogens

+y
Tset s Exercise traln‘mg. ‘
and heat acclimatization

Superficial veins
Biological rhythms®

Fig. 2-11. Schematic diagram of the control of human thermoregulatory responses. The signs by the inputs to T_,
indicate that pyrogens raise the set point, and heat acclimation lowers it. Core temperature, T, is compared with the
set point, T, to generate an error signal, which is integrated with thermal input from the skin to produce effector
signals for the thermoregulatory responses. Adapted with permission from Sawka MN, Wenger CB. Physiological
responses to acute exercise-heat stress. In: Pandolf KB, Sawka MN, Gonzalez RR, eds. Human Performance Physiology
and Environmental Medicine at Terrestrial Extremes. Indianapolis, Ind: Benchmark Press (now Traverse City, Mich: Coo-
per Publishing Group); 1988: 97-151.

a Cold

b Warm
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ADAPTACE NA CHLAD A TEPLO

Physiological System

Role in Thermoregulation

The cardiovascular system

Heart and blood vessels transport heat in blood

Differential perfusion shunts blood and heat to skin for cooling
Changes 1n heart rate and blood vessel tone compensate for
dilated vasculature and dehydration

Nervous system

Higher functions

Paleo-brain (hypothalamus)
Autonomic
(sympathetic/parasympathetic)
nerves

Cognitive assessment of risks, planning and taking action
Control of thermoregulation

Control and modulation of blood vessels, heart, sweat glands

Integumentary system (Skin)

Sweat glands moisten the skin- allowing for evaporative cooling
Subcutaneous fat (insulation)

Renal, under influence of
endocrine system

Water and electrolyte regulation

= =
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ADAPTACE NA CHLAD

18.stoleti: prezivani namornikd ve studené vodé
1887: V. Priesnitz, S. Kneipp
Lidé v zimé snasi lépe nizsi teploty nez v leté.

ADAPTACE IZOLACNI

METABOLICKA
HYPOTERMNI

OCHRANA PRED ZTRATAMI TEPLA (pefi,
vasokonstrikce, zvySeni tukovych zasob v podkozi)
ZVYSENI PRODUKCE TEPLA (zvy$eni metabolismu)
POSUN SET-POINTU SMEREM DOLU (opak hore¢ky,
chovani jako u hibernujicich zvirat)
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=
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Aklimace.

Clovék: jako tropickd zvirata

Tulen, liska, racek: arkticka zvirata (termoneutralni zona

mezi 20 — 40°C, pod 20°C termoreguluji)

U Clovéka se uplatni vzdy vSechny tfi adaptacni

mecC

U ad

nanismy.

aptovanych — klesa spotfeba O,, nemeéni se TF,

stou

na TK (0 20 — 40 Torr(), snizuje se pocit

dyskomfortu (nastupuje pfi nizsi teploté), klesa set-point
(o 0,75°C).



PRUBEH ADAPTACE

- PredevSim prenastaveni set-pointu

hmotnosti, pomalu nartistd procento télesného tuku)

- Chladova diuréza (vylucovani Na* a K*) — az 60x,
zprostredkovano ANF, hemokoncentrace, zvyseni poctu leukocytl
i erytrocytd

- Zmény glykémie: u neadaptovanych klesa (stres), u
adaptovanych vzrlsta (neni stres)

- Snizeni prahu pro bolest na kizi (celkova habituace — snizeni
citlivosti receptorll); stresova analgézie v priibéhu adaptace

- Klesa prah pro svalovy tres

= =
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30

12

J.Z.
Weight 97 kg
Height 1,7 m

G.P.
75 kg
1,8m



ADAPTACE NA TEPLO
1) SEKRECE POTU se az zdvojnasobuje

2) PRAH PRO POCENI se posouva k niz§im teplotam
(jadra i povrchu)

3) SNIZENI OBSAHU ELEKTROLYTU V POTU
4) POCIT ZIZNE se zvysuje

5) HIDROMEIOSIS (pokles sekrece potu ve vihkém
horkém klimatu, po obdobi profuzniho poceni; snizuje
nepotrebné odkapavani potu)

6) ADAPTACE TOLERANCE NA HORKO u obyvatel tropd,
prah poceni je posunut k vyssim télesnym teplotam.
POZOR na télesnou praci!!!
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ADAPTACE NA VYSOKOHORSKE PROSTREDI

PHOTO B. Sir Edmund
Hillary and Sherpa Tenzing

Norgay on Everest.

This photograph shows Hillary
and Norgay summiting Everest
for the first time on May 1953.
They used supplementary oxy-
gen during their ascent.
Source: © The Kobal Collection.




Gas pressure (mmHg)
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VYSKOVA AKLIMATIZACE (dlouhotrvajici pobyt)

Probihd minimalné nékolik tydnd, pIné rozvinuta po
mesicich az |étech.

REAKCE KARDIOVASKULARNI: normalizace SF a MO,
zuzeni plicnich arteriol — plicni hypertenze

REAKCE RESPIRACNI: minutova ventilace se stabilizuje
(primo umeérné vyskove hypoxii), centralni
chemoreceptory se adaptuji

ZVYSENA SEKRECE ERYTROPOETINU: polyglobulie,
zvyseni transportni kapacity krve pro 02, zvyseni
viskozity krve, zvyseni hustoty mitochondrii, zvyseni
obsahu myoglobinu
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ADAPTACE NA VYSOKOHORSKE PROSTREDI

"
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DOPORUCENI K AKLIMATIZACI NA VYSOKOHORSKE
PROSTREDI:

Po 3 dnech: ustali se A-B rovnovaha, zacne se zvysoval Hb
Po nékolika tydnech: je mozné podat i atleticky vykon

GENETICKA VYBAVA U HORSKYCH NARODU:
Vetsi hrudnik

Vétsi kapilarni recisté v plicich
Vétsi objem srdce (EDV)

Vétsi minutovy srdecni vydej
VysSSi koncentrace Hb

Zvysené mnozstvi kostni drene

Adaptace od détstvi???

PATOLOGICKE REAKCE NA VYSOKOHORSKE PROSTREDI:

« Horska nemoc (nad 3 tis. m.n.m.)

« Vlysokohorska dezorientace (porucha - nad 5 tis. m.n.m.)
 Vysokohorsky edém
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ADAPTACE NA TELESNOU ZATEZ

1. Svalova hypertrofie
2. Atleticke srdce

Atleticke srdce:

*Hypertrofie ~ dilatace
«/ZvySena objemova rezerva (1,5x)
«ZvysSena chronotropni rezerva

,.Fyziologicka* hypertrofie

*Prodlouzeni svalovych vlaken a zvétSeni jejich tloustky (NIKOLIV
poctu!!!)

*Remodelace doprovazena normalni nebo zvysenou kontraktilitou
(rychlost hydrolyzy ATP myosinem a maximalni rychlost svalového
zkraceni jsou bud’ normalni nebo zvysSené)

*Ve svalech: zvétSeni poCtu mitochondrii, zvySeni aktivity enzymu
oxidativniho metabolismu, zmnoZeni kapilar



ADAPTACE NA TELESNOU ZATEZ
/ Structural changes\ / Electrical changes \

’ , e 1]

Sinus bradycardia
Sinus arrhythmia
First degree AV block
Voltage LVH, and RVH
Incomplete RBBB
TWIin V1-V4 in black

chletes /

M LVWT 10-25%
M LV and RV cavity 15%

Q-atrial dilatation /
/ Functional changes \

Az AN .N A ] ' / ! \
A BE Peripheral changes
Functional changes -
N diastolicfilling M skeletal muscle fibres
E’>9 cm/s N capillary conductance
E/E’ <6 M oxidative capacity
S'>9 N mitochondrial enzymes

\’[\ Stroke volume / Q 0, Peak consumption /

Figure 2 Cardiovascular and peripheral adaptation to exercise in athletes. AV, atrioventricular; LV, left ventricular; LVH, left ventricular hyper-
trophy; LVWT, left ventricular wall thickness; RV, right ventricle; RVH, right ventricular hypertrophy; TWI, T-wave inversion.




ADAPTACE NA TELESNOU ZATEZ

Sedentary man
Variable Pretraining Posttraining Runner
Cardiovascular
HR at rest (beats ® min') 71 59 36
HR max (beats ® min’') 185 183 174
SV rest (ml) 65 80 125
SV max (ml) 120 140 200
Q rest (L ® min') 4.6 4.7 4.5
Q max (L ® min) 22.2 25.6 32.5
Heart volume (ml) 750 820 1,200
Blood volume (L) 4.7 5.1 6.0
Systolic BP rest (mmHg) 135 130 120
Systolic BP max (mmHg) 210 205 210
Diastolic BP rest (mmHg) 78 76 65
Diastolic BP max (mmHg) 82 80 65
Respiratory
V, rest (L ® min') 7 6 6
V, rest (L ® min") 110 135 195
TV rest (L) 0.5 0.5 0.5
TV max (L) 2.75 3.0 3.9
RR rest (breaths ® min') 14 12 12
RR max (breaths ® min') 40 45 50
Metabolic
AVO, diff rest (ml » 100 ml) 6.0 6.0 6.0
ANO, diff max (ml ® 100 ml) 14.5 15.0 16.0
VO, rest (ml ® kg ® min") 3.5 3.5 3.5
VO, max (ml * kg' ® min”) 40.5 49.8 76.5
Blood lactate rest (mmol o L) 1.0 1.0 1.0
Blood lactate max (mmol ¢ L) 7.5 8.5 9.0
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Volume Overload Pressure Overload

Aerobic exercise Chronic hypertension
Pregnancy Aortic Stenosis
Early mitral regurgitation Aortic Coarctation
Hemodynamic Hemodynamic
Stress Stress

Concentric
hypertrophy

Eccentric
hypertrophy

Time

Athlete’s Normal Compensated Cardiomyopathic
heart Hypertrophy Dilation

r’h=c r’h=c r/h<c r’h>>¢



Transversalni rezy srdcem:

hypertonicke srdce s koncentrickou hypertrofii (vlevo)
normalni srdce (uprostred)
hypertonicke srdce s excentrickou hypertrofii = hypertrofie + dilatace (vpravo)



Physiologically Pathological

normal heart failure
Exercise Volume Pressure
Pregnancy overload overload

Mitochondrial biogenesis

Fatty acid metabolism

e —

Glucose metabolism

Fetal gene expression

——




CVICENI A SRDCE - DOBRE, SPATNE, SKODLIVE
?7?7?

[ Atrial Fibrillation
[arrhythmias

'\ [Sinus Node diseaseJ
AV block

Atrial Stretch

N Vagaltone I I

'\ , ? Fib\rosis

Ventricular J

N Oxidative stress Intense

— P Troponin

Shear forces Exe rcise
Adverse cardiac
remodelling
? Atherosclerosis / l
? Dilated ? Exercise
i induced
cardiomyopathy pioes

Figure 6 Speculated mechanisms for the detrimental effects of exercise. ARVC, arrhythmogenic right ventricular cardiomyopathy; AV, atrioven-
tricular; DCM, dilated cardiomyopathy.



