Cirkulaéni, cévni systém obratlovct

FISH AMPHIBIAN REPTILE MAMMAL OR BIRD

Gill capillaries Lung and skin capillaries Lung capillaries Lung capillaries

circulation

Heart:
Ventricle (V)

Systemic capillaries ste Systemic capillaries Systemic capillaries



Adventitia
Blood flow
Smooth muscle

Valve

Internal
elastic lamina

Endothelium

Artery



Struktura arterii a vén, velmi podobna
- Arterie k danému primeéru silnénsi sténa -> odoldvaji vétsim tlakim

- Velké vény maji chlopné

F——— 10 mm Microvessels —— 20 um

Terminal
Artery Vein Venacava Areriole arteriole  Capillary Venule
4 mm Smm 30mm | 10 um 8 um 20 um
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Diameter
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Endothelium lo o |0 o lo 8]
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Koeppen & Stanton: Bermne and Levy Physuology, 6th Edition.

VZdy endotel - bariéra, zdroj rustovych faktord, misto pro adhesi imunitnich bunék,

zdroj NO (eNOS - endotelidlni NO syntdza) - vazodilaténi efekt na svalovinu cév







Large veins

Tunica adventitia
Tunica media

Tunica intima

Medium-sized veins
“(1-10mm ld.) |

Tunica adventitia

Tunica media

Tunica intima (>2mmid.)

~Venule

Tunica externa

Endothelium

Large (elastic) arteries
| (conducting)

Tunica adventitia

Tunica media
(elastic)
Tunica intima
Medium-sized (muscular)
arteries (0.3-10 mm i.d.)
Tunica adventitia

External elastic
membrane

Tunica media
(muscular)

Internal elastic membrane
Arteriole |

Smooth muscle
cells

Basement
Endothelium membrane




Laminar I Turbulent
|

Critical velocity
[

Limity krevniho prutoku

Blood Flow (ml sec™!)
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Distribuce krve v jednotlivych cévach

Venules and
medium-sized veins
25%




100% Procentudlni distribuce krve u ¢lovéka

Right Hean Left Hean

a skokana

| Digestive System

¥

Liver
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Kidneys 38%

Skin

Left atrium Cutaneous
B S

18%

Heart Muscle

Skeletal Muscle

\—
Bone \ <— Tissues «<—

Other

___ Pulmo cutaneous 56%

Distribution of Mogerate
Cardiac Output Exerase
CO=125Lnin Systemic 44%
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Rozdily mezi plicnim
a systémovym tlakem
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Lungfish Amphibian  Reptile Reptile Mammal Bird
(frog) (turtle) (crocodile) (man) (chicken)
Body temp. 20°-25°C Body temp. 38°C

Ectotherms Endotherms



Selektivni distribuce krve u potapéjiciho se tulené
-> hospodareni s kyslikem
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Brain Cerebellum Lung Heart Heart Diaphragm Liver Psoas
Cortex Retina (atria) (ventricle) Pancreas muscle




Vyznam - distribuce Zivin, metabolitu, tepla

Transport latek pres cévni sténu
- v dusledku vysiho tlaku = filtrace, hlavné voda a nékteré ionty
- osmotickym tlakem plasmovych koloidu (bilkoviny)
- aktivé transport vezikuly a membranovymi transportéry (vétsi molekuly,..)
- regulace hlavné endotelem, nervy a hormony
- regulace ovlivriuje tlak, permeabilitu, aktivitu transportért a prenaseét
- zménu tlaku zprostredkovdvd srdecni a hladka svalovina
- Tunica media
- prekapildrni svérace

Cortical web (CW):

Stress fibre oot “spectrin and others
{

(luminal) |

!
I 1 Microtubule organizing

center (MTOC) b
|

some
. ) water, organic
Intermediate filaments: macro- solutes

vimentin and molecules, certain water
occasionally others( solutes proteins

Microvillus, _ \

///////////////{////////////////I/// I, : Y it : TN 7 ’////////:. Wit
‘-basal lamina-* : I

1 ! |
Junction-associated Stress ﬁ6re (basal): Focal contact (FC):  para- transcellular
actin filament system actin and myosin- integrins, talin, cellular
(JAF): actin, myosin containing contractile vinculin, a-actinin
and others fibrils and others




Prekapilarni svéraée reqguluji tlak a prutok krve

Blood flow through a capillary bed is
controlled by the constriction of smooth
muscle in the arteries and arterioles.

Precapillary sphincters can shut off
blood supply to the capillary bed.

LIFE 8e, Figure 49.16 UFE) THE SCIENCE OF BROLOGY, Eighth Edison © 2007 Seaver Assocates, nc. and W H. Freeman & Co.




Tlaky zprostredkovavajici vymeénu latek mezi cévami a okolim

CHP = Capillary hydrostatic pressure
BCOP = Blood ::yolloud osmotic pressure
NFP = Net filtration pressure

Returned to
circulation

T

‘ 3.6 Ilda¥ ‘
bsorbed into
lymphatlc capillaries

: BCOP > CHP
CHP = BCOP Fluid moves

of fluid into capillary
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At the arterial end of a

capillary, blood pressure is
greater than osmotic pressure,
and fluid flows out of the
capillary into the interstitial fluid.
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Outward flow

Blood pressure
Osmotic pressure

Inward flow
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At the venule end of a capillary
blood pressure is less than
osmotic pressure, and fluid
flows from the interstitial

fluid into the capillary.




Relativni permeabilita svalovych kapildr pro ruzné latky
(pro proteiny jsou prakticky nepropustné)

Velikost (Da) Ekvivalent Relativni
sferoidu (nm) permeabilita
Voda 18 - 1,00
NaCl 59 14 0,96
Urea 60 16 0,8
Glukosa 180 36 0,6
Sacharoza 342 44 0,4
Myoglobin 17600 190 0,03
Hemoglobin 68000 310 0,01
Albumin 69000 = <0,0001




Primérné hodnoty onkotickych tlakl u ruznych Zivocich

Cnidaria 0,005
Urochordata 0,05

Paryby 0,31 (0,2-0,5)
Krouzkovci 0,45 (0,09-1,02)

Obojzivelnici

1,01 (0,5-1,6)

Plazi 1,16 (0,5-1,6)
Kruhodsti 1,30 (1,2-1,4)
Ptaci 1,30 (1,1-1,5)

Kostnaté ryby

1,32 (0,4-2,7)

Savci

2,88 (2,1-3,7)

Hmyz (hemolymfa)

835 (3,1-13,6)
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Zavislost onkotického tlaku

na koncentraci proteint
(Dilezitd je moldrni koncentrace)

MWt (kDa) [g 171 Moosm  Macrua

Albumin 69 45 1.48 296
Globulin 140 25 0.41 0.82

Plasma 73 1.91 3.81

10 20 30 40 50 60 70 80 90
Protein Concentration (grams liter ')




Endothelial Function Assessment

» Vascular Tone
« Vascular reactivity
« Vasoconstrictors: ET-1
+ Vasodilators: Nitric oxide products

» Markers of Endothelial Activation
» Adhesion molecules (VCAM, ICAM, selectin)

» Markers of Coagulation/Fibrinolysis
+ PAI-1/tPA, fibrinogen, thrombomodulin, VWF

» Markers of Inflammation
+ CRP, TNF-c, IL-1, IL-6
» Hormones and Metabolic Products with Known

Vascular Effects
» Adiponectin, FFA

Caballero AE. Obes Res. 2003;11:1278-89, Normal Endothelial Function

Dilatation Constriction
Growth inhibition  Growth promotion

Antithrombosis Prothrombosis
Anti-inflammation Proinflammation




Transport latek endoteliemi

Transcellular Paracellular / IEJ

Molecules >3 nm M, Molecules <3 nm M,
i.e., albumin i.e., urea, glucose, ions

Transendothelial Fluid phase  Receptor-mediated
channel
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most plasma
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15 min-!

Sr‘dce SI iznatek Branchial ventricle —

e

Jednotliva srdce tepou riznou frekvenci,
v zavislsoti na vykonu?

Pressure (kPa)

| 3 sec I

Caudal heart
78 or 39 min—!

(oxygenated)
Dorsal aorta

Ventral aorta (venous)
Vent. aorta

Portal Mesenteric v.
heart
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- dvoukomorové srdce
- srdcem prochazi jen odkyslicena krev

- neékteré (napr. Sliznatky, Myxini)
pomocnad srdce




Srdce pumpuje od- i okyslienou krev od obojZivelniki vyse
- u savcl a ptdki jiZ nedochazi v srdci k michani od- s okysli¢enou krvi
- u krokodyli moZnost prechodné kompletné oddélit

3-CHAMBERED 3-CHAMBERED (SEPTATED) 4 -CHAMBERED

AMPHIBIANS TURTLES Biros aND MAMMALS

. Oxygenated . Deoxygenated Mixed

blood blood blood




Distribuce krve srdcem u dychajiciho a potdpéjiciho se krokodyla

To forelimbs, head

Crocodilian Crocedilian
(normal state) . \ (diving)

. | Right systemic .

To tail,
hingdlimbs hindlimbs
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Srovndni systolického a diastolického tlaku v arteriich s hodnotou onkotického tlaku
Pres relativné velké (ndsobky) rozdily v arteridlnim tlaku, jsou si poméry arteridlniho
tlaku ku onkotickému mezidruhové blizké. Vyrovndno hodnotou onkotického tlaku.

Vyjimka jsou ptdci - velmi nizky onkoticky tlak, pro¢?

Arterialni tlak Onkoticky tlak |  Arterialni tlak /

(systola/diastola, kPa) CGEY onkoticky tlak
Clovék 16,3/10,9 3,81 3,6
Savci Ovce 18,4/15,2 2,99 5,6
Pes 15,2/7,6 2,72 4,2
Ptaci Kur 20,3/5,8 1,50 8,7
Holub 18,4/14,3 1,10 14,8
Plazi ANz 5,7/4,4 0,87 5,8
Obojzivelnici Skokan 4,1/2,7 0,69 4,9
Ropucha 4,4/2,6 1,28 2,5
Ryby treska 3,9/2,5 1,13 2,8




Srovndni kardiovaskularnich parametri v klidu a béhem aktivity u obratlovcii

V zavislsti na vyvojové
.vyspélosti" pri aktivité
stoupa tepova frekvence,
oproti primitvnéjSim
skupinam, kde se zvétsuje
i tepovy objem,

s vyjimkou obojZivelnikd.

Possum
vinity

!/[

"o

Tep — mint

Tepovy objem — ml|

VO, —ml O, / min

AV diference — mnozstvi O,
v arterialni oproti venozni krvi
(intenzita odebrani O, tkani)

V klidu | PFi Nasobek | % podil na
aktivité | zvyseni zvyseni VO,

Tep 143 321 2,2X 51%
Possum Tepovy objem 2,43 VA 0,9x -2%
(1,48 kg) AV diference 4,5 10,1 2,2X 51%

VO, 19,5 100 5,1x

Tep 115 670 5,8 87%
Holub Tepovy objem 1,70 1,59 0,9x -1%
(0,44 kg) AV diference 4,6 8,3 1,8x 14%

VO, 8,9 88 9,9x

Tep 50 108 2,2X 41%
Jestér Tepovy objem 2,3 3,1 1,3x 12%
(1,03 kg) AV diference 2,6 6,1 2,3X 47%

VO, 3,3 21,6 6,6x

Tep 26 a7 1,8x 16%
Ropucha Tepovy objem 0,34 0,32 0,9x -1%
(0,25 kg) AV diference 2,1 10,2 4,9x 84%

VO, 0,18 1,53 8,5x

Tep 38 51 1,4x 11%
Pstruh Tepovy objem 0,46 1,03 2,2X 39%
(1,00 kg) AV diference 3,2 8,3 2,6x 50%

VO, 0,56 4,35 7,8x




Sinoatrial node Atrioventricular
(pacemaker) node

Bundle of

His fibers |- ONC o g ‘
_Bundle

branches

Purkinje
: fibers 0-C ¢ bacemakKe
Ventricles

Heart at rest

Sinoatrial node fires, action potentials
spread through atria which contract

Atrioventricular node fires, sending impulses
along conducting fibers; ventricles contract



Cardicregulatory center and
chemoreceptors in medulla oblongata

gl Baroreceptors

in wall of internal
carotid artery

Carotid body
chemoreceptors

fibers Barorecoptors

in aorta

Parasympathetic nerve fibers
Vagus nerves

‘L) ., Sympathetic nerve fibers '
> Cardiac nerves

, —— Heart
Sympathetic
nerve fibers to . ;
adrenal gland . —

ﬂl\? " Circulation
Adrenal medulla ~{E 2

Vi

i Epinephrine and norepinephrine

2. The cardioregulatory center controls
the frequency of action potentials in
the parasympathetic (red) neurons
extending to the heart through the
vagus nerves. The parasympathetic
neurons decrease the heart rate.




Rozsah nervové stimulace srdééni ¢innosti u ¢lovéka a charakter
jednotlivych akénich potencidll u jedotlivych prevodnich systém

Left
posterior

Maximum sympathetic stimulation = fascicle

fascicle

o
(@)

Purkinje
fibers

Right bundle
branch  Leit bundle
branch

—
i

Normal sympathetic stimulation ¢

Copyright @ 2007 Lippince Willises & Wildns.
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Zapojeni baroreceptori karotického sinu
(karotickd téliska) a oblouku aorty

Regulation of heart rate and force

Hypothalamus

j
(

Cardiac accelerator nerve




Zmeny tepové frekvence a krevniho tlaku v disledku potdpéni u tulené,

kaCeny a aligdtora. S ponorenim klesd frekvence, ale muze i tlak.

Breathing Dive for

3r= l : 200
2 M I e

il WWM\N~ e
3 10 sec : Seal 3

3 l Dive Dive 3 Min — 200
T2 MWW N ey XL :

I — 100
10 sec . Duck =
Breathing Dive 3 Min Dive 13 Min 7

3 — 200
4 8 3

NNV VINES Alligator — 100

1= _ 10sec \j\ /\-i




SWIMMING

A

Presto, Ze po ponoreni se snizuje
tepovd frekvence, stresova stimulace
stdle funguje a je tak nadrazend.
Demonstrovano na trénovaném (b)

a netrénovaném potkanu (c).

Arterial Blood Pressure *»
(mm Hg)

VOLUNT ARY DIVING
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Arterial Blood Pressure ©
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poddajnost



Regulace tlaku v cévach

Vazodilatace

Vazokonstrikce

Stimulaci tvorby
cGMP

Stimulaci tvorby
cAMP

Inhibici tvorby
cAMP

Stimulaci tvorby
IP,

NO adenosin A, |serotonin serotonin
ANP (atridini histamin H,
natrireticlypeptd | adrenalinb,  |adrenalina, |adrendlin g,
VIP angiotensin | vazopresin
IT
cGMP a cAMP v hladkém svalu Pomalejsi IP, uvolfiuje Ca?*

stimuluje Ca®* pumpu
sarkoplazmatického retikula
pokles koncentrace Ca®* v bunce

L,odklizeni" Ca?*

ze sarkoplazma-
tického retikula




Regulace cévniho prutoku

Myogenni
autoregulace

Napéti cévni stény aktivuje kationtové kandly -
depolarizace - vazokonstrikce

Metabolicka

Produkty metabolizmu vyvoldvaji vazodilataci
(CO,, AMP, ADP, H*, kyselina mléc¢nad)

.shear" Vazodilatace zprostredkovand pisobenim NO,
dependentni ktery se tvori v cévnim endotelu
-Sympatické vazokonstrikéni nervy ve vétsiné
Nervova tkani
*Parasympatické vazodilataéni nervy v
sekrecnich a spongiformnich tkanich
*Vazokonstrikéni Uc¢inek angiotensinu II,
Humordalni noradrenalinu, vazopresinu, serotoninu
-Vazodilataéni d¢inek ANP, histaminu, medidtort
zanétu
Fyzikalni Teplota, zvyseni vede k vazodilataci




Casovd dynamika zapojeni jednotlivych reguldtori a senzori
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pri odpovédi na zménu krevniho tlaku

Renal mediated
fluid retention

Ischemic Brain Reflexes

Baroreceptors

hemoreceptors

Aldosterone
Renin-angiotensin |

0 301 301 301 30

e ———

Seconds  Minutes Hours Days

Time After a Change in Blood Pressure



Uloha jednotlivych reguldtort a receptord
pri odpovédi na zménu kretvniho tlaku

Renal mediated fluid retention

Ischemic
Brain Reflexes

—
o

Baroreceptors

Chemoreceptors
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Aldosterone

n-angiotensin \
[ n

100 125 150 175 200

Mean Arterial Blood Pressure (mm Hg)




Podil parasympatické
a sympatické regulace
srdecniho tepu

Intrinsic

Rate
100110 b

‘ect of angiotensin on rena
curves (xnormal)

00 02 10 25

Ukdzka Gcinku angiotensinu 5
na prijem Na iontl

-
o

Sodium
relationship

Angiotensin
production
. atdifferent
| sodium intakes
(x normal)

odium intake and output (X norma

Artenal pressure (mmHg)



Zapojeni srdce v hormondlni regulaci cévniho systému a hospodareni s vodou

Cardiac distension

Sympathetic stimulation Atridni (A) a mozkovy (B)
An gi otensin Il natriureticky peptid
Endothelin

aND » | Renin -«—
'y /\
Vasodilation = lAng Il > | Aldo

i N

LBlood _ {1 Blood _  Natriuresis
F'ressura 1-.u"mlurma- Diuresis







