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KREV

Krev je télni tekutina
« transportni médium (O,, CO,, metabolity, hormony, ziviny...)

 homeostaza vnitfniho prostfedi téla (termoregulace, acidobazicka rovnovaha,
onkoticky tlak)

» integrita kardiovaskularniho systému (srazeci kaskada)
* imunitni reakce

plazma
 jonty, proteiny, nizkomolekularni

2 S — organicke latky
= - tekuta ECM

- =
H .
(@ Withdraw blood

(@ centrifuge

Krev Ize povazovat za
trofickou pojivovou tkan

White Blood Cell
(lymphocyte

and place in tube

formované krevni elementy — krvinky
* erytrocyty

» leukocyty

» trombocyty




KREVNiI PLAZMA A

plazma

- 2,8-351

« pH7.4(+0.05)

« ~92% voda

« ~ 1% ionty (Na*, K*, Ca*, Mg*, CI, HCOj"), nizkomolekularni organické latky (glukoza,
aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

* ~ 7% proteiny (albuminy, globuliny, fibrinogen)
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IONTY A MALE MOLEK

+ ~ 1% ionty (Na, K*, Ca*, Mg*, CI, HCOy"), nizkomolekularni organické latky (glukéza,
aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

Kationty

Anionty

Sodik

Draslik
Vapnik
Horcik

Zelezo &
Zelezo Q

Méd

Chloridy

Hydrogenuhlicitany [HCO,]

Jod

136—-148 mmol/I
3,7-5,0 mmol/I
2,15-2,61 mmol/I

0,66—0,94 mmol/I

12—27 umol/I
10-24 pmol/I

12—22 pmol/I

95-110 mmol/I

22-26 mmol/I

0,6—-1,4 mmol/I
276—630 pmol/I

Osmoticky tlak, objem, pH

Membranovy potencial bunék (nervové, svalové)
Permeabilita membran, srazeni krve, nervosvalovy prenos
Kofaktor enzym, nervové prenosy

Kofaktor enzymu, soucdst hemu v hemoglobinu
Kofaktor enzymu

Osmoticky tlak, objem, pH

Transport CO,, pufr - pH

Pufr - pH

Hormony stitné zlazy




IONTY A MALE MOLE

+ ~ 1% ionty (Na, K*, Ca*, Mg*, CI, HCOy"), nizkomolekularni organické latky (glukéza,
aminokyseliny, cholesterol, lipidy, odpadni produkty), dychaci plyny

Glukdza 3,3-6,1 mmol/I
Aminokyseliny 2,3-3,9 mmol/I
Mocovina 3,0-7,6 mmol/I
Lipidy 4-9 g/l
Triacylglyceroly 0,5-1,8 mmol/I
Fosfolipidy 1,8-2,5 g/l
Kreatinin 55-110 pumol/I
Cholesterol (celkovy) 3,5-5,2 mmol/I
Bilirubin 3,3-18,0 umol/I
Laktat 0,55-2,22 mmol/I

SLOZENI KREVNi PLAZMY JE VELMI STALE
- je regulované v uzkem rozmezi — zasadni pro klinickou medicinu




PROTEINY KREVNI

« osmoticky tlak krve

« transport

« koagulace

: imunitn! odpoved Major Plasma Proteins

regulacnl prOtemy 99% of Plasma Protein Mass

Fibrinogen
IgA Total

T

Alpha 2-Macroglobulin Complement Factor B

IgM Total
’7|— Alpha I-Antitrypsin

C3 Complement
H— Haptoglobin

10% '

Transferrin —| ’7

C4 Complement

Ceruloplasmin &

IgG Total

Factor H

Lipoprotein (a)

Alpha-1-Acid
Glycoprotein

Apolipoprotein B

Albumin

O-90%

Prealbumin —|

|— C9 Complement

C1q Complement

C8 Complement

]

|— Apolipoprotein A-1

90-99%

https://pharmaceuticalintelligence.files.wordpress.com/2014/06/major_plasma_proteins2.jpg




PROTEINY KREVN

* prealbumin

- transport

* albumin

- 68kDa

- transport

- osmoticky tlak

* a1 oblast

- a1 lipoprotein (HDL)
- o1 kysely glykoprotein
- o1 antitrypsin

- (a1 fetoprotein)

* a2 oblast

- o2 makroglobulin
- haptoglobin

* B1 oblast

- transferrin

- hemopexin

- B lipoprotein (LDL)
- C4 (komplement)
* B2 oblast

- CRP

- fibrinogen

- B2 mikroglobulin

-  C3 (komplement)
+ yoblast

- IgA, 1gG, IgM

A4

Whole blood

Centrifugation

Frealbumin

Plasma

(55% of total blood)

Buffy Coat

~ & |eukocytes & platelets

(<1% of total blood)

High
Voltage

Power

Erythrocytes
(45% of total blood)
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Reference ranges for blood tests
sorted by mass (upper) and

molarity (lower diagram) .
| ] ‘ Estradiol (post-menopausal female)

Estradiol (male)

il - Sources differ in the faded interval

- Limit is 0 or not available

Free thyroxine (plregnant)
Free thyroxine (normal
Free thyroxine (child/adq

adult)
lescent)

[=
Free (not protein bound) estradiol (adult female)

‘ Free tmodothymn |ne (narmal adult)

Free tnmdothymnlne [chlldren}

i
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NT-proBNP (< 75 yrs - optimally) |
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rotons (I-ﬂ

Dihydro
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| | Estradiol (female, I-.
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Parathyroid hormone
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Free thyroxine (r!ormal adult)
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Free triiodothyronine (normal adult)

i Estradiol (famaIL. follicular|phase)
nopausal female) ] |

Estradiol (female, day of

Estradiol (post-me

Es
Free triiodothyronine (children) - | a ]
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Adrenocorticotropic hormone Ferritin (male) |
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pmol/L pmol/L =

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



KREVNI PLA

 sérum # plazma

Serum Plasma

Buffy coat

Cells
(clot)

Cells

No anticoagulant  Anticoagulant



FORMOVANE KREVN

Leukocyty
559
i 4,5-11 x 103/l
Plazma ® neutrofily 71%
eosinofily 3%
- bazofily 1%
1% monocyty 5%
Buffy coat lymfocyty 20%
Trombocyty
| 44% | 150-450 x 10y

Erytrocyty




HEMATOKRIT

Podil objemu erytrocytti a objemu plné krve

HEMATOKRIT

+5 +4
Norma Anémie Polycytémie
Plazma —0
Buffy coat
Erytrocyty




ERYTROCYTY

Velikost je zavisla na osmotickém tlaku prostredi

7,5 um

0,75 um

Hypertonic Isotonic Hypotonic

-9 P

D5




ERYTROCY

Odchylky od bézné velikosti




ERYTROCYTY

Tvar erytrocytu umoznuje znaénou flexibiltu

MUSCLE TISSUE

'MUSCLE TISSUE



ERYTROCYTY

Tvar erytrocytu

Unbound Ankyrin Actin junctional
band 3 complex complex

GPC/D -

'«sl«

integralni proteiny
- band 3, glykoprotein A (iontové transportéry)

» spektrin .

* ankyrin \\ ‘. Stomatin
bes i 8 , ugnmn‘n o | }'\em g

« aktin a s aktinem asociované proteiny o o RN g’ =N

- tropomodulin, tropomyosin : L‘,\* ,A:y, HH ‘,’. 4.‘ f \boov

® hemog|0bin a-Spectil B-Spectrin # B a *. CH2 CH emati

F-actin
Tropomyosin
Tropomodulin

Erythrocyte
Plasma
Membrane

Glyeaphorin



ERYTROCYTY

Odchylky od bézného bikonkavniho tvaru

« poikilocytéza

- akantocyty (nepravidelné trnovité vybézky membrany)

- kodocyty (,pneumatika®)

- echinocyty (trnovité vybézky na celém povrchu)

- eliptocyty (elipticky tvar)

- sferocyty (kulovity tvar)

- stomatocyty (chybégjici Casti membrany nebo jiné nepravidelnosti)
- drepanocyty (srpkovity tvar)

- dakrocyty (kapkovity tvar) . . .

Normal cell Spherocyte Micro-spherocyte Irregularly
contracted cell

0 Q00

Elliptocyte Ovalocyte Dacrocyte (tear-drop Target cell
poikilocyte)
S Vs
e - ;
&
L —
Stomatocyte Keratocyte Schistocyte Echinocyte
(fragment) (crenated cell)

NI L

Acanthocyte Sickle cell Boat-shaped S-C poikilocyte




ERYTROCYTY

Odchylky od bézného bikonkavniho tvaru

Normalni Kodocyt Sferocyt

Echinocyt



ERYTROC

Hereditarni eliptocytéza




ERYTROCYTY

Hereditarni eliptocytéza




ERYTROCYTY

Srpkovita anemie

* Abnormalni hemoglobin (hemoglobin S)

€} Hormal red blood cells
MNasmal
red biood
eall (REC)

Oxyhemoglobin A Deoxyhemoglobin A

Deoxyhemoglobin S polymerizes into filaments

RBCs fow ooty
wilhin blocd vessoel

Oxyhemoglobin S Deoxyhemoglobin S
, sicklod, rod boed colis

Abnormal
{=ickle colls)

Sickhe cois
Blocking

Sickle cell

Normal red
blood cell




ERYTROCYTY

Srpkovita anemie Malarie

» Patologicky genotyp (heterozygot HbS/HbA) mlze byt i prospésny




ERYTROCYTY

Ultrastruktura

H3C

» Erytrocyty neobsahuji jadro ani organely
* Anaerobni glykolyza

B chain 1 B chain 2

* Hemoglobin

HaC

Fe2+
Heme

a chain 2

a chain 1
COOH COCH

(a) (b)

Heme Hemoglobin Erythrocyte



ERYTROCYTY

Detached from hemoglobin

Fused basement membranes

Blood plasma
CO, (dissolved in plasma)

O, (dissolved in plasma)

Converted from bicarbonate



ERYTROCYTY

« Zivotnost 120 dni

« Konstantni poskozeni
« Opravy jsou nemozné
» Odstranéni starych a poskozenych erytrocytl ve sleziné

(@

Renal surface
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LEUKOCYTY

* imunitni odpovéd
« morfologicka klasifikace — pritomnost cytoplazmatickych granul
(neodpovida schématu hematopoeze)

Granulocyty Agranulocyty
Neutrofily = Eosinofily  Basofily Monocyty Lymfocyty
o
Multipotential her“nmpoieﬁc
(He:::l:“yhilasl)

v : >

() ®
Common myilsluid progenitor Common lymphoid progenitor

! ]
| 1

e E"W‘;“E# Mast call Naturajl-‘;dzr cell Smalamphocyte

Myeloblast (Large granular lymphocyte) / \

+ ¢ l 1 N Tlymphoeyle g ymphocyte
Basophil Neum;,h“ Easinophil ﬁf
e 1 Plasma cell

.,
Thrombocytes

Macrophage



GRANULOCYTY

* Lyzosomy (primarni, azurofilni, nespecificka granula)
» Specificka (sekundarni) granula
* Polymorfni jadro

« Terminalné diferencované

« Kratka zivotnost

* Redukované ER, GA i poCet mitochondrii (anaerobni glykolyza)
* Apoptodza

The Gran Team

Eosinophil

Basophil Neutrophil

histamine

CellCartoons.net




NEUTROFILNI GRAN

* Neutrofily
- 50-70% cirkulujicich leukocytu
- ©@>12 um
- Segmentované jadro
- Barrovo télisko u zen
- Azurofilni (primarni) granula
- myeloperoxidaza, lysozym, proteazy, defensiny
- Neutrofilni (sekundarni) granula
- kolagenaza, baktericidni enzymy °
- Chemotaxe dalSich leukocytu
- Mikrofagy v

* Neutrofilni ty¢ka
* Neutrofilni segment




NEUTROFILNIi GRANULOCYTY

Hes got Joe!
Hurry guys!




GRANULOCYTY

« Extravazace (diapedeza)

Leukocyte
Extravasation

Endothelial C
Cells




EOZINOFILNI G

» Eozinofily

- 1-4% cirkulujicich leukocytu

- ©212-15 um

- Nepravidelné, typicky dvousegmentové jadro

- Azurofilni (primarni) granula
- myeloperoxidaza, lysozym, proteazy, defensiny

- Eozinofilni (sekundarni) granula _
- jasneé Cervena (eosinofilni) o )
- hlavni bazicky protein :
- peroxidaza
- cytokiny, chemokiny

- Chemotaxe dalSich leukocytu

- Fagocytéza komplexu antigen-protilatka
- Parazitarni infekce, alergickeé reakce

- Chronicky zanét




BAZOFILNi GRANUL

« Bazofily

- <1% cirkulujicich leukocytU

- D12 um

- Nepravidelné, dvousegmentové jadro, maskované granuly

- Azurofilni (primarni) granula

- myeloperoxidaza, lysozym, proteazy, defensiny
- Bazofilni (sekundarni) granula

- 0.5um

- velka tmava (basofilni)

- heparin, histamin - vazodilatace

- fosfolipaza A

- Analoga zirnych bunék
- Receptory pro IgE
- Alergie, anafylaxe, zanét




AGRANULOCYTY

» Pouze lyzosomy (azurofilni, nespecificka granula)
« Specificka granula chybi
* Nesegmentované jadro

Lymfocyty Monocyty

@‘@

Lymphoblast

B lymphocyte ¥
o
@@

P

Natural
T Iymphncyle killer cell

Plasma cell



LYMFOCYTY

CD8T Cell

L)}mphocytes

Regulatory

T Cell

CellCartoons.net

CDA4T Cell




LYMFOCYTY

« Plazmatické bunky

Take that



MONOCYTY

« J12-15 um

» Cirkulujici prekurzory makrofagu,
osteoklastl, mikroglii, Kupferovych bunék a
dendritickych bunék

« Mononuklearni fagocytarni systém

» Velké ovalné (fazolovité) jadro s méneé
kondenzovanym chromatinem a 2-3 jadérky

« Bazofilni cytoplazma

* Azurofilni granula




TROMBOCYTY

» Bezjaderné bunécné fragmenty

* O 2-3 um, tvar disku

* hyalomera, granulomera

« 150-400 x 103/pl

« srazeni krve, oprava poskozeni cévni stény

3‘3:;?;(‘)“:\; fibrinogen, PDGF
o-granula sepr;)rt:;ri‘f;,;;m
250-300 nm ADP, ATP
A-granula

lyzosomalni enzymy

175-200 nm




TROMBOCYTY




TROMBOCYTY

(Intrinsio} peltremy {axtrinelo) patheey
Damaged suriace

! Trauma
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DIFERENCIALNI BILY

Norma
Neutrofily tyéky 4 %
segmenty 67 %
1:17
posun doleva posun doprava
zvySeny pocet tyCek zvySeny pocet segmentu
Eozinofily 3 %
Bazofily 1%
Lymfocyty 20 %
Monocyty 5%

Y =100 %



DIFERENCIALNI BILY O

Odchylky od normy

A v
Neutrofily |50 0| sramanytopenc
Fozinofly | Simooyeza | ramuocyopeni
Bazofily S?azr?ﬂllgci:ytéza S?azr?tzillgci:ytopenie
Lymfocyty lymfocytoza lymfocytopenie
Monocyty monocytdza monocytopenie




DIFERENCIALNI BILY

Priklad populacni variability

Neutrofily  ty&ky 0-5%
segmenty 35-85 %
Eozinofily 0-4 %
Bazofily 0-1%
Lymfocyty 20-50 %
Monocyty 2-6 %

Podle Haferlach et al. Kapesni atlas hematologie. Grada 2014



DIFERENCIALNI BILY OBRAZ K

N N N N NN O W

White blood cells hil granulocytes (newborn) “ I L

Sorted by absolute count (upper) and % of total (lower) IIIi‘ii“"“"l"""“l CD4+ cells
Ill Basophll gra;hchytes (adult) l ‘ l

Eosmophll granulocytes (Newborn) |
LTIV AN o

Eosmophll granulocytes (Adult) [ Monocytes (ne

T e TeT T rery ey

Monocyles (adult)

NG utrophilic band forms
300 400 500 700

/mm® or !L or 10%/mL or 10°/L
--IIIIII-I L LU RLLLEELT LLRTTN TR TIL T mw

|
Eosinophil granulocytes (Adult) m m

Illlll“ .Mohr:)bytes (adult)

Basophll granulocytes (adult)

10 20 30 40 50 60 70 8090 100
/mn or /L or 10°/mL or 1P /L

= Limit is not available

= Sources differ in faded interval

0.1 0.2 03 04 0506 .7.8.91 2 6 7 8 91
% of WBC - % ongBC
Ao e JRLE)
BERRR L-;T:;;r;o;ytes (newborn
I Whlte Blood Cell Co
IIIII I |I‘I“‘ Whlte Blood Cell Count
wborn) HHM”H“ | White Blood Cell Count (
B Vononuclear Ieukocytes Neutrophil granulocytes (newbo
11T Neutrof)hll granulocytes (aciultj IH_.“I““II“

1000!mm or 1000; L or 106frnL or 109!L

EEENEREREEINTI
lIIrMonon ucleaH ‘
Wikipedia Lymphocytes (adult

Neutrophil

30 50 60 70 8090 100 200 300 400
% of WBC % of WBC




DIFERENCIALNI BIL

Zavislost na véku

Leukocytes Neutrophils Lymphocytes Monocytes Eosinophils
Age (x 10%) (%) (%) (%) (%)
Birth 18 61 31 6 2
1 week 12.2 45 41 9 4
1 mo 10.8 35 56 7 3
6 mo 11.9 32 61 5 3
1yr 11.4 31 61 5 3
4yr 9.1 42 50 5 3
10 yr 8.1 54 38 4 2
16 yr 7.8 57 35 4 3

WBC, White blood cell.

https://obgynkey.com/elevated-or-depressed-white-blood-cell-count/



LEUKOCYTY — SHRNU

Leukocyt Jadro Granula % | Zivotnost Funkce
Granulocyty
YN _
Neutrofily 3-5 segment( azuvrof|ln°|v nfautrofllm 71 | 1-4 dny mikrofag (bakterie)
(svétle rlizova)
Eozinofily 2 segmenty a-zurovfllvnl eo,zmofllnl 3 | 1-2 tydny parazitické mflekc,(? (hellmlf1t|),
(laloky) (jasné Cervena) modulace lokalni imunitni reakce
. 2 segmenty nebo azurofilni + bazofilni . modulace lokalni imunitni reakce,
Bazofily P . , 1 meésice « s .
tvar,,S (modrofialova) uvolnéni histaminu
Agranulocyty
Lymfocyty kulaté nejsou 20 | hodiny —roky | adaptivni imunita, mnoho funkci
hodiny — rok k &k -
Monocyty ledvinovité jen azurofilni 5 odiny —roky | prekurzory bunék monocyto

makrofagového systému




HEMATOPOEZE

Multipotential hematopoietic

stem cell
(Hemocytoblast)

v ¥
o L J

Common myeloid progenitor Common lymphoid progenitor

Erythrocyte  Mast cell Natural killer cell Small lymphocyte
Myeloblast (Large granular lymphocyte)

N A
. o . . @ O

l l l T lymphocyte B nynphocyte

o
Megakaryocyt?e . ‘} , w @
Basophil Neutraphil Eosinophil Monocyte .
%:‘ . l Plasma cell
Thrombocytes

.
g . »
L o :
.
| &
! L]
. .

Macrophage



ERYTROPOEZE

2 x 10" novych erytrocytli denné

proerytroblast (~14-19 um)
mitoticky aktivni

dominantni, kulaté jadro s 1-2 jadérky
mirné bazofilni cytoplazma

bazofilni erytroblast (~13-16 um)
mitoticky aktivni

heterochromni jadro s nezfetelnymi jadérky
bazofilni cytoplazma

polychromatofilni erytroblast (~13-16 um)

mitoticky aktivni

produkce hemoglobinu

Sedomodra cytoplazma — bazofilni (polyribosomy a acidofilni
aspekt (hemoglobin)

heterochromni jadro (Sachovnice)

ortochromatofilni erytroblast (~8-10 um)

mitoticky neaktivni

malé, kompaktni, excentrické, pyknotické jadro — extruze
mirné acidofilni cytoplazma s bazofilnimi reziduy

reticulocyt (polychromatofilni erytrocyt, ~ 7-8 um)

nema jadro, stale sféricka bunka

acidofilni cytoplazma

Substantia reticulofilamentosa — specialni barveni (brilliant
cresyl blue)

erytrocyt (~7-8 um)
bezjaderny, bikonkavni disk
acidofilni cytoplazma

CFU-GEMM | 5

GM-CSF Bone marrow
@ G-CSF  BFU-E - garly IL-3
GM-CSF
W IL-8

§ BFU-E-late .3
1GF-1 GMLCSF

IL-8
Eg  CFUE

Pro- @
erythroblast

Basophilic

erythroblast @ EPO
Polychromatic @

erythroblast

Orthochromatic

é m .

s e ] e
6 Erythrocyte | | Reticulocyte  Blood vessel
e e e s>




ERYTROPO

ytroblast

Py

A"ho hromni

bazofilni erytr

trocyty

polychroma
erytroblast |




GRANULOPOEZE

* myeloblast (~15 pym)

- mitoticky aktivni

- kulaté nebo ovalné jadro, bohaty euchromatin
- 2-6 jadérek

- slabé bazofilni cytoplazma bez granul

* promyelocyt (~15-24 um)

- mitoticky aktivni

- kulaté nebo ovalné jadro, ¢astecné kondenzovany chromatin
- slabé bazofilni cytoplazma s azurofilnimi granuly

neutrofilni, eozinofilni a bazofilni myelocyt (~10-16 um)
mitoticky aktivni

kulaté nebo ovalné jadro, ¢aste€né kondenzovany chromatin
zvysujici se pocet specifickych granul v cytoplazmé

neutrofilni, eozinofilni a bazofilni metamyelocyt(~10-12 ym)
mitoticky neaktivni
podkovovité jadro s kondenzovanym chromatinem

metamyelocyt
granulocyt - tycka
granulocyt - segment

£
TS @)
© o
re 3]
S >
T e
> 9
= o

myelocyt

neutrofilni, eozinofilni a bazofilni granulocyt (~10-12 pym)
segmentace jadra
azurofilni i specificka granula




GRANULOP

myeloblast

promyelocyt metamyelocyt
| myeloblast myelocyt _




TROMBOPOEZE

* megakaryoblast (az 30 um)

- velké, ovdlné jadro s napadnymi jadérky
- bazofilni cytoplazma

- série endomitdz

* promegakaryocyt (az 100 um)
- velka bunka s polyploidnim jadrem (8n-64n)

* megakaryocyt (80-150 um)

- polyploidni jadro s laloky (8n-64n)

- azurofilni a desti¢kova granula

- viceCetné centrioly, vyvinuté ER a Golgiho aparat

- Cetné membranové invaginace — demarkacni kandly (linie)




MONOCYTOPOEZA A

MONOCYTOPOEZA

* monoblast (~16 um)

- mitoticky aktivni

- kulaté nebo ledvinovité jadro s jadérky

- mirné bazofilni cytoplazma

* promonocyt (~16-20 pum)

- mitoticky aktivni (1-2)

- velké jadro se zarezem, nepatrna jadérka
- bazofilni cytoplazma

- azurofilni granula

* monocyt

- kratce v cirkulaci, poté opousti krevni obéh a diferencuje v tkannové makrofagy

LYMPHOPOEZA

* lymfoblast (~18-20 um)

kulaté-ovalné jadro s jadérky

mirné bazofilni cytoplazma bez azurofilnich granul
prolymfocyt (~12-15 um)

maturace do lymfocytl

lymfocyt

dalsi maturace a diferenciace mimo kostni dren
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HEMATOPETIC

Hematopeticka kmenova burka
Klidova, pomaly bunécny cyklus

Transmembranovy fosfoglykoprotein CD34* - adheze v niche
Neexprimuje povrchové markery determinovanych linii (je Lin)

Transplantace

Colony/Burst — Forming Unit — CFU/BFU
Progenitory jednotlivych linii — unipotentni kmenové bunky
Tvofri kolonie in vitro

CFU-M

CFU-GEMM

Lin-
CD34+

CD38-
CD90-
CD45RA-

T, B and NK cells

All myeloid cells



EMBRYONALNI K

extraembryonalni mezoblasticka perioda (16-20. den — 8. tyden)
Zloutkovy vacek
klasicky model — hemangioblasty (bipotentni burky) pfed narozenim po narozeni

velké jaderné erytroidni bunky \ Zloutkovy  kostni
vacek dren
aorta-gonad-mesonephros (28. den — 4. tyden) P iy Lullls
para-aortické clustery v mezodermu splanchnopleury S hrudni kost
zdroj embryonalnich krvetvornych kmenovych bunék E
sleziﬁ% I;toes,.t‘ennl- Zebro
hepatolienalni perioda (1. mésic — kratce po porodu) kost

- holenni
1

kolonizace fetalnich jater a sleziny

1III2|3456789510 20 30 4'0 5'0 sb 70
porod

medularni perioda (4-6. mésic — cely zivot) " dvlmgés;fe o stafi v letech

nitroaeloznino vyvoje

kostni dren




HEMATOPOETIC

+ Hepatolienalni a medularni krvetvorba
 Erytroblastické ostrivky

Young reticulocyte \_g}

Extruded nucleus \C) ﬁ
106

Enucleating

erythroblast

Early erythroblast “ ]

Macrophage

Nuclear phagocytosis

Late erythroblast

@ Pro-erythroblast

@ Basophilic erythroblast

® Polychromatic erythroblast
% Orthochromatic erythroblast
@ Erythrocyte

* Pyknotic nucleus

® Central macrophage




INTRAEMBRYON

» Aorta-gonad-mesonephros (28. den — 4. tyden)
- para-aortické clustery v mezodermu splanchnopleury
- zdroj embryonalnich krvetvornych kmenovych bunék

quatcpqle
©R&D Systems, Inc. “liister

AGM
Placenta o9

Urogenital
ridge

Yolk sac »

Definitive
progenitors Fetal liver
* Placenta
2m|lwe RBC

Primitive RBC 1>
AGM ) N
@ Bone
HSC HSC
marrow

Fetal liver

Endothelial
B O () Hematopoietic adl cells

cluster (_hi//_
) A
L
£ j/, 70
TN\

Hemogenic' ~ . i
endothelial cell S,



KRVETVORBA - SHR

Embryonalni
- Zloutkovy vacek
- AGM Placenta Umbilical
- jétra a slezina Allantois ‘?,’ vein
- kostni dren S
mpllica
wery Fetal liver
™) ¥ Q
M -~
\ Vitelline Vit_elline _
\ artery \ vein
Yolk sac
kostni dfers 5 10.5 125 155 Birth

- Cervena/zluta
- extramedularni hematopoéza vyjimecCné (patologicky)

http://dev.biologists.org/content/133/19/3733



Kardiovaskularni system

Celkovy koncept

Cévy

Artérie - Tepny
Mikrocirkulace

Vény - Zily

Lymfatické cévy

Srdce

Prevodni systém srdce



Kardiovaskularni system
= soucast cirkulacniho systému

Cirkulacni s. = Uzavfeny systém trubic

(carries fluids (blood, lymph) in tubes

A

Blood cardiovascular




Kardiovaskularni systéem — obecna stavba

Srdce

PUMPA

* moves bloood with all
its elemnents through
the body

Krevni cevy

TRUBICE

« distribute the blood to
the cells throughout

Three major types

Arterie - Tepny
» deliver blood from the
heart
to the capillaries

Kapilary
* intimate with body cells
— place
of exchange between
blood




</Iicrovasculature —-<0.1 mm><Macrovasculature — diameter >0.1 mm>

Krevni cévy — nékolik ruznych podob

Zily
ALWAYS return the blood to the heart
(contain about 2/3 body's blood at any given time)

Arterie
ALWAYS carry blood from the
heart to the periphery

LARGE
."“‘- o -l 3 Internal elastic
Tunica _:'“. ELESNC SRTE layer -Ir:t”lr"‘f::
e"te’“atzﬁp_;- - ’M.*-""'---""" = SREETTTTPITLL -Endothelium
. - Tunica media

Endothelium

gusEEEEEEEEEg,,
. Ta,
Y

MEDIUM-SIZED VEIN

Tunica
externa

Tunica
media —

L} .
.
4“.”.."! S TTTI L L
i

Tunica
intima

! =2

Endotheliyqu .., .

*
\d
* 0

o
-:‘:- /

Tuni::'a' murl
extarna
Endothehum
FENESTRATED CAPILLARY | {’:}t{ Pores

e _—@%

Erdothelial cells

Basal lamina

~— Tunica externa

,_,«-‘ ,f'J MEDIUM + SMALL

-
.* LS

MUSCULAR ARTERY ':.

Tunica intima

Endothelium

(tunica media)
*—— Endothelium
—_—

Basal lamina

E | CONTINUOUS CAPILLARY

= o Endothelial celis

'\'—\._\_\_\- B
Basal lamina




Krevni cévy — tok krve

Pulzace Spojity tok
. oapynlghm The uasuw-rlun Companies, Im.lPemnunn required rlor repraducticn or mlsplau. ‘ ;
I | I I | I \ |
I 1 I I I I \ I
120 S
=) I : I I I | I
I 1 I | | | I |
= | | I I I I
g Tme cpressure || 1!
s I
3 80 : ! ! ! ! Due to specific
o | ; ! [ ! morphologies
o
> 601 i : : : { | of the vessels
[] i I | | I I
° | | I | |
o pressure | | | | |
S A N
g NG
> 20 | l
o N
| | I | | |
O | | | | 1 | ] |
% S O T G & S S ok Diameter | Blood velocit
B S M Y, Py M %% 9% W .
B N %@@ & S ® (mm) (mm/sec)
— Aorta 25 1 200 (systolic)
Increasing distance from left ventricle
Arterioles 0.02-0.05 15
For exampl o
or example Capillaries 0.005-0.009 0.4
V di le:
diasto ? Venules 0.02 5
«the semilunar valves are closed
*no blood enters the arteries .
Inferior vena cava 30 80

*the blood moves forward due to the action of arteries



..odrazi se v nejednotné distribuci krve v cévach

Ca 0 The Ml raw-Hill i, IR, requiined lof repraduction ar display.

Distribution of Blood

65 — 70% in veins
* Reservoir
Pulmonary .
ciroii L_umens are Iarg r thar?
18% In corresponding arterie
Capillaries

~ 100 thousand km (estimate)
&
only 5% of blood volume
&

largest surface area (~ 600 m2)
&
most of the cells are no farther
than 50 um from a capillary.




Krevni cévy — jednotny stavebni plan
(trojvrstevnost)

Tunica intima

Endothelial cells:

Endothelium « polygonal, squamous, elongated

» covered by negatively charged glycocalyx (0.5 um)
» provide repellent surface for cell elements
Basement membrane + « glycocalyx - binding site for various regulators

Subendothelial connective tis. * regulate permeability
» secrete regulators (e.g. interleukins,

Internal elastic lamina

4 Tunica media

* mainly smooth muscle (circularly arranged in layers)
Muscle layer + collagen and elastic fibers (lamelae), reticular fibers
* proteoglycans

« strenghten the vessels

External elastic lamina * provide vasomotion

Tunica externa

Adventitia + connective tissue (collagen 1 + elastin)
* home for vasa vasorum and nerve fibers
» continuos with stroma of the surrounding tissues




Arterie

Several categories accoriding to their: size + structure + function

Velké arterie elastickeho typu
(aorta, common carotid, sabclavian a., common iliac a., pulmonary trunk)

Arterie svaloveho typu (D > 1 mm)
(brachial, ulnar, femoral, renal, ...)

Malé arterie (D =0.1 -1 mm)

Arterioly (D < 0.1 mm)



Systemic blood pressure (mm Hg)

Arterie elastického typu

their major function is to transport blood away from the heart

they absorb and store the contractile energy of the left ventricle and
transform the pulsatile flow of blood in smooth out

during ventricular contraction (systole), the elastic laminae of conducting
arteries are stretched and reduce the pressure change

during ventricular relaxation (diastole) ventricular pressure drops to a low
level but the elastic rebound of conducting arteries helps to maintain arterial
pressure

as a consequence, arterial pressure and blood flow decrease and become
less variable as the distance from the heart increases




Arterie elastickeho typu

Relatively thin wall as compared to their wide lumen (1/10 of the vessel diameter).

Endothelium
» elongated cells - along the long axis

0.15 mm

Lumen

Sut|>endothelial I?_yert.

o i * loose connective tissue

Tunl(?a intima » contains many fine longitudinal elastic

= Endothelium fibres - these gradually merge into the
elastic components of t. media

* some smooth muscle cells near the

Basement membrane + boundary with t. media - longitudinally

Subendothelium arranged _
» place of atherosclerotic changes

Internal elastic lamina S
* not clearly demarcated S
Tunica media -
Vasa « elastic fibers arranged circularly as
vasorum discontinuous fenestrated membranes
about 2.5 um thick - about 50 lamellae
Nerve » smooth muscle cells - circularly
oriented, interspersed between elastic
membranes

. Irelatively thin

: s * loose connective tissue

Tunica adventitia + some elastic fibers — longitudinally
arranged, next to the t. media

» vasa vasorum and lyphatics (some into
t. media)

* nerves




Arterie elastickeho typu




Tunica intima

Tunica media

Arterie elastickeho typu

pfechod



Arterie - Endotel

Weibel-Paladeho téliska

 organelles that are unique to endothelial cells

» contain von Willebrand factor (activates coagulation factor VIIl) +
P-selectin




Arterie — Ateroskleroticke zmeny

Endothelial injury Production of ROS ~ Oxidizing of LDL Entry of monocytes | Plague formation

(upon predispozing factors) (conversion to foam cells) (necrosis + lipid accumulation)

| plaque rupture/
platelet aggregation

vascular smooth
muscle cell apoptosis

necrotic core

cholesterol
clefts

subendothelium

-2/l adhesion internal elastic

Rl smooth muscle cells N



Arterie — Ateroskleroticke zmeny

Artery

Plagues form in lining
of artery

Plague grows, lining of
artery damaged

Plague
ruptures

Blood clot
forms, limiting
blood flow

D MAY D FOUNDATION FOR MEDICAL EDUCATION AND ARESEARCH. ALL RIGHTS RESERVED.

Ucpani arterie




“ arterie

distribute blood to specific destinations/organs
size varies from centimeter down to just visibility by unaided eye

they regulate the perfusion of different parts of the body under
physiological conditions




Arterie svalového typu

Tunica intima

Endothelium
Subendothelium

Internal elastic lamina

Tunica media

External elastic lamina

Tunica adventitia

Muscular artery

Endothelium

» elongated cells along the long axis

» well developed adhesion, tight, and gap
junctions

» Glycocalyx

Subendothelial layer
+ thickness increases with age

* loose connective tissue

* many fine longitudinal elastic fibres
+ some smooth muscle cells

Internal elastic lamina

» well developed

very thick

concentrically arranged smooth muscle cells
up to 50 layers of smc

ECM with elastic, collagen and reticular
fibers

* GAP junctions between smc (coordination)

External elastic lamina
« well demarkated only in large caliber arteries

relatively thick (~ 'z of the tunica media)
collagen and elastic fibers

some fibroblasts and adipocytes

vasa vasorum and lyphatics (some into t.
media)

* nerves — efferent — maximal in small caliber
arteries




Arterie svalového typu

fibroblast collagen bundles  elastic fibers unmyelinated nerve



Arterie svaloveho typu

Undulation - Artefact

(due to postmortem contraction of smooth muscle cells)




lového typu

le sva

Arter




Arterie svaloveho typu - maly kalibr

peripheral resistance vessel (along with arterioles)

internal elastic lamina is clear x external elastic lamina
is not distinguished




maly kalibr

ho typu -

é

Arterie svalov




Arterie svaloveho typu x Arterie elastickeho typu

Smooth muscle cells predominate in their media Elastic elements predominate in their walls

Endothelium

Subendothelium

Internal elastic
lamina




Arterioly

- peripheral resistance vessel (along with small-sized arteries)

- part of the microcirculation (terminal circulation)

- internal diameter < 0.1 mm

- they regulate the flow of blood through capillary bed

Lumen

Tunica intima
Endothelium

Muscular artery

Subendothelium

Internal elastic lamina

Tunica media

External elastic lamina

Tunica adventitia

Endothelium
» elongated cells along the long axis

Subendothelial layer
* non-developed

Internal elastic lamina
* non-developed

* thin (still the major part of the wall)
* 1to 2 layers of smooth muscle cells

External elastic lamina
* non-developed

» reduced to only sheeth of collagen fibers
* NO vasa vasorum




Arterioly




Kapilary

- are the site where materials carried in the blood are unloaded and other materials

are loaded into the blood

- are the thinnest, simplest, largest, longest, and most widely distributed functional

unit of the blood vascular system

- are inserted between arterial and venous limbs of the circulation
The total length of all the capillaries of the

4 Tissue fluid
9 Tissue cell about 100 000 km
Lymphatic

capillary bNg The total cross-sectional area of

capillaries =

about 800 x

greater than of the aorta

Maximal distance of tissue cell from the
capillary =

about 50 um

The length of the capillaries usually varies
between

about 0.25and 1 mm

- the



Kapilary

ol S e B e, S S

. Paritubular capillaries

P

Extensive vasculature of renal cortex (perfused by red dye)

Velmi fidkeé v: Slachy, vazy
Zcela chybi v: chrupavka, epidermis, cornea



Kapilary

Endothelium

Capillary wall

Pericyte Basal lamina

Endothelium

* single layer, squamous
» serrated (wavy) cell borders
» zonulae occludentes + desmosomes + GAP junctions

Basal lamina

,Envelope”“

» pericytes (+ reticular fibers and macrophages)



Kapilary

Small

Only about 25 - 50 % of capillary volume is actively g
= artery

moving (containing) blood under normal conditions.
P Arteriole

Arterial end

Smooth
muscle fibers

Tl
Arteriole 'Ql l‘m m /' QII Endothelium
(V’MQ\O w*: f \

...........
........
o .

---------
"""""

. .
S (N

> .
’Iw R . e

=4 Capillary
: beds

..........
........
- -,

o

o
o
O s
--------------

Arteriole

Endothelium

- Precapillary

Postcapill :
ostcapillary sphincter

venule Venous end

Capillary

Rabbit mesentery (H+E; 600x)



Kapilary — Regulace prutoku krve

Smooth muscle fiber
Endothelium

Smooth muscle fiber

e Endothelium
i ,f"‘.'vnQ
<& < é@ ) ARTERIOLE
METARTERIOLE METARTERIOLE

Precapillary
sphincters
(relaxed)

CAPILLARY

Thoroughfare

BED

channel VENUL-EI
Smooth

“— To heart

Endothelium

— CAPILLARY

SN2 Precapillary
sphincters

(contracted)

Thoroughfare
channel

=
\) VENULE

\ )

Smooth
muscle

fiber fiber - To heart
= (a) Sphincters relaxed: blood flowing = (b) Sphincters contracted: blood flowing
»  through capillary bed . : through thoroughfare channel

IS NSNS SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEESR
Figure 21-3 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



Striated muscle

Pericyte

P WY M
Cerebellum (monkey)




Kapilary

According to the integrity of the endothelium and basement membrane — by TEM:
+ Kapilary se souvislou vystelkou
* Fenestrované kapilary

» Sinusoidy

A Continuous capillary

C Sinusoidal (discontinuous) capillary



Kapilary se souvislou vystelkou

Typické znaky

non-interrupted lining
no defects in the wall
Lokalizace

most common type
muscle, connective tissue,

nerve tissue (blood-brain
barrier), exocrine glands

Pericyte

Basal
lamina

Intercellular
cleft

- Pingcytotic
. vesicle

Tight
junction




Fenestrovane kapilary

s

SIS
B

phragm

5

Fenestrae

SR

with dia
i EE:

Typické znaky

» endothelial cells perforated
(diameter ~60-80 nm; diphragm 4-6 nm)

» continuous basal lamina
Lokalizace

« in tissues where rapid N o S
interchange of substances Fenestrated capillary - kidney
occurs between the tissue
and the blood

* intestinal mucosa, some

andncrinoe AlanAe nanlkrance




Typicke znaky

enlarged diameter (up to 40

pm)

endothelial cells with large

pores without diaphragm

larae clefts between
Lokalizace

liver (pores 100 nm)
hematopoietic regions (bone

MATRW oy

Sinusoidy




Sinusoidy

Kostni dren

endothelium
hemopoietic

arterial compartments

capillary

adipose cell

penetration of
megakaryocyte
by white cell

arteriole

adventitial cell

endothelial cell

erthyroblastic islet




</Iicrovasculature —-<0.1 mm><Macrovasculature — diameter >0.1 mm>

Krevni cévy — nékolik ruznych podob

(contain about 2/3 body's blood at any given time)

Zily Arterie

ALWAYS return the blood to the heart ALWAYS carry blood from the

heart to the periphery
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Zily

- they function as blood reservoir - greater capacity for blood containment than arteries due to thinner wall

- lower blood pressure (10 mm Hg with little fluctuation)

- valves aid skeletal muscles in upward blood flow (typically in lower limbs — veins with diameter > 2 mm)

e " TUNICA INTERNA:
‘ U\ ——Endotheliam’
e ,
| 2y , Basement membrane
b Internal elastic laminaj} |
-,"' " “‘--|IIIIIIIIIII..... Valve
59d] | TUNICA MEDIA: /0 o
fliR o odN " South-moscle — = paired duplication
1 et ‘ 1 le | oft. intima
e i A : R
g}\ pie — External elastic \"1} Va o 1

lamina

TUNICA EXTERNA = |

o

(ol @6

R LT T T T T T L L

\_ ;
Lumen Lumen
“‘-IIIII.... ‘.....
< Artery Vein e
S Y. " TR A

. .
Figure 21-1ab Prin.cl'piét !wfﬂlfa‘o‘my and Physiology, 11/e
©2006 John Wiley & Sons

Three layered bulding plan

General features

\%

Endothelium
+ very thin

Subendothelial layer
+ very thin

Internal elastic lamina
* missing or only very thin

+ relatively thin (except for lower limbs)
+ Little bundles of smooth muscle cells
» collagen fibers — considerable amount

External elastic lamina
* non-developed

» well developed — thickest layer

» often with longitudinally arranged
bundles of smooth muscle cells

» robust vasa vasorum (often penetrate
deep to t. media)




Zily — kategorie podle praméru

Postcapillary venules

endothelial cells + some pericytes

receive blood from capillaries

more porous than capillaries

larger diameter than capillaries (15-20 um)

Collecting & Muscular venules

increasing number of contractile cells
tunica media is defined in muscular venules

Small- & Medium-sized veins

most have individual names
run parallel with corresponding arteries
many have valves

Large veins

close to the heart

(v.cavae, pulmonary veins, internal jugular veins)
paired with elastic arteries

diameter > 10 mm

with valves

t. media is thin (muscle cells+connective tissue)
thick t. externa (with longitudinal bundles of
SMC; myocardial sleeves)

.
- | =" Postcapillary ",

. venule R
...............

Arterial end

e
)@"’é{zﬂ

Vein

Smooth
muscle fibers

Endothelium

Metarteriole

Precapillary
sphincters

True
capillaries

Thoroughfare
channe

Endothelium



Zily — stfedni kalibr
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Zily — velky kalibr

Vena cava



Zily - Chlopné

- bag-like protrusion of tunica intima, which prevent the blood flow from
running to opposite direction

- only in the veins that has low position or far away from heart

Appearence of internal surface Histological view



Lymph nodes ——ax ¥
Ductus lyphaticus b

dexter ﬁ

Lymfaticke cévy

- return fluid from tissues to the circulatiory system

_Tonsil - depend on skeletal muscles to move fluid
P

_icornal Ruculer velr Lymfatické kapilary
e Dy ctus thoracicus *blunt ended
] b~ svery simple structure
. 4, ——Lymph nodes *endothelial cells + fine reticular fibres of circular orientation

the basal lamina is not developed

e ———  Splean Lymfatické cévy a kmeny (ductus)

+thin walled tubes
T Lymphatic sresemble veins in their structure (intima+media+adventitia)
" vessals *have valves

Artericle




Srdce - Anatomie

; Capillary beds
of lungs where

- gas exchange
i, OCCUrs

{ Plicni obéh )

' Pulmonary

\ arteries _, oa=uy Pulmonary
veins

/ ) ) Aorta and

branches

-,

Venae
cavae -

: L B a!rium
i B | lreft

~ wentricle
atrlmu 1‘
Right.
ventricla®*=x» ::"‘—’/l
Télni obéh

Capillary
beds of all

KEY: body tissues
- h
= Oxygen rich, :xcehrgnga:
CO,-poor blood 'l} 9
# N occurs

[ = Oxygen poaor,
CQ_-rich blood

- a hollow organ that contracts rhytmically
- it functions as a pump

- it is composed of two sets of chambers:

Siné

Prava Leva

Komory

Prava Leva

- it is equipped by four valves

(blood can travel in only one
directi

Plicni polomésicita

Aortalni polomésicita

Atrioventrikularni dvojcipa
(levostranna)

Atrioventrikularni trojcipa
(pravostranna)



Srdce — stavba steny

inner surface

Endokard
2  endothelium
Rar  subendothelial layer
M~  subendocardial layer

- Myokard

- Epikard
* mesothelium
» submesothelial layer

outer surface



inner surface

Srdce - Endokard

- is continuous with the tunica intima of the large vessels
entering and leaving the heart

- the endocardium of the left half of the heart is not continuous
with the one on the right
| Py | <R - S [ S I.-..eart Septum .

- . L SEEDE T‘/rdiELEig?otnmrScngggal membrane

Subendothelial layer

* connective tissue
= + collagen, elastics, solitary smc, small blood vessels, nerves

‘i‘f -—-:\."F

- Subendocardial layer

* loose connective tissue .
* continuous with endomysium of the myocardium
* nerve fibers, vessels, impuls-conducting system




inner surface

L8 w
Xl
]

Srdce - Myokard

- has no regenerative capacity

- has rich blood supply (many capillaries)

- muscle fibers are arranged circularly around chambers

right ctive fissue i
ventricle |VeS Itrlgon u
wall left
ventricle
interventricular wall

Atrialni natriureticky peptid
(endocrine function of contractile cells; acts on kidney)

- its thickness varies in different parts (thickest — left ventrikle; thin in

iﬁbetwea@rmgnmg@cles sr

cantiim maoambhb

Transverse portion (myofibrillar junctions,
desmosames, and gap junctions)

Longitudinal portion (contains large
gap junctions)

decni ske

)




Srdce - Epikard

- represents visceral layer of the perikard

Perikard

Fibroserous sac enveloping heart

* mesothelium with basal lamina (aces epicardium)

* fibrous Iayer (dense connective t. with vessels and nerves)

Mesothelium

Mesothelium

» simple squamous epith
» basal lamina
 secretes pericardial flui

Submesothelial layer

* loose connective tissue

 elastic fibers

elium

d

* nerves

blood and lymphatic vessels
home of coronary vessels
adipocytes (nigh in obese individuals )



Srdce - Chlopné

- composed of connective tissue layers covered by endothelium on each side

Atrial side

Ventricular side

Spongiosa
* loose collagen

Fibrosa
» dense core of connective tissue

Ventricularis
» dense connective tissue with
many elastic and collagen fibers




Srdce — Prevodni systém

- specially modified cardiac muscle cells (non-contracting, less myofibrils, abundant GA junctions)

- generate and conduct impulses of heart contraction to various parts of myocardium

- assure proper succession of beat of atria and ventricles

Superior
vena cava

Sinoatrialr

1 Iﬂf\l

Atrioventrikularni

Atrioventrikularni
svazek

Right bndie?

branch

Left bundle
branch

Ante:rior
fascicle

Purkynova vlakna
Posterior fascicle

Sinoatrialni uzel (Keith-Flackiv)

it lies on the medial wall of the right atrium near the
entrance of the superior vena cava
PRIMARNI PACEMAKER

Atrioventrikularni uzel (Ascoff-Tawaruv)

it runs on the right side of the interatrial septum
SEKUNDARNI PACEMAKER

Atrioventrikularni svazek (Hisuv)

it divides into 2 branches (for the left and right
ventricles)

Purkynova vlakna

terminal ramifications of the AV bundle




Srdce — Prevodni systém




Srdce — Koronarni cevy

- blood in the heart chambers does not nourish the myocardium
- the heart has its own nourishing circulatory system: Coronary arteries & veins
- 5-7% of blood flows through the coronary arteries

- blood empties into the right atrium via the coronary sinus

B CaniE ; ]
W Naoe 7l

Dye injected into heart
X-ray to examine blockages
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Carnegie Stag/ /f Human Development

Dr Mark Hill, Cell s School of Maedical Sciences (Anatomy), UNSW

e Stage 1 Zygote
1 (1 day, nol to scale) . e
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VYVOJ KARDIOVASKULA

2.-3. tyden

* rychly rGst embrya

« difdze limitovana

* prvnivaskularizace extra-embryonalné —
Zloutkovy vak, chorion zarodecny stvol

* bipotentni (hem)angioblasty

* krevni ostravky

» vasculogeneze a angiogeneze, hematopoeze

Umbilical vesicle
with blood islands

Cut edge
of amnion

Embryonic disc

Connecting
stalk
Developing
blood
vessels
Wall of
chorionic sac




EMBRYONALNI

P . , . , pred narozenim po narozeni
* extraembryonalni mezoblasticka perioda (16-20. den — 8. tyden) T e L
Zloutkovy vacek vadek dFei
. ’ . . , v jatra obratel
- klasicky model — hemangioblasty (bipotentni buriky) g =
7 . 7 . 7 v g hrudni kost
- velké jaderné erytroidni bunky 5
= kost .
stehenni Zebro
* aorta-gonad-mesonephros (28. den — 4. tyden) oo kost
- para-aortické clustery v mezodermu splanchnopleury TERAEETEE "0 00 B 4 = &
. 4 7 s 7 v porO
- zdroj embryonalnich krvetvornych kmenovych bunék mésice stai v letech

nitrodélozniho vyvoje

AR Coindbame s ow =



VYVOJ KARDIOVASKUL

* embryondlni vaskulogeneze cca 2 dny po zalozeni
extraembryonalni vaskularizace

e primordidlni krevni cévy

e srdecni primordium v kardiogenni oblasti

* embryondlni hematopoeze z para-aortdlnich klastrd v AGM

Heart primordium

Neural plate

Umbilical vesicle

with blood islands
Cut edge

of amnion

Primordial
blood vessel

Blood island

Konec tretiho tydne




VYVOJ KARDI

3. tyden

Epiblast

18 days, dorsal surface




VYVOJ KARDIOVASKULARN

4. tyden

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch ‘ e Dorsal aorta
arteries e ‘ BB

Umbilical artery

Amniotic cavity 2 Tert i
ertiary villus

Amnion

Aortic sac
Primordial heart tube

Umbilical vesicle Umbilical vein

chorion
Vitelline artery Umbilical cord

3 mm
ey
LIHENY EmnBrpalogy




VYVOJ KARDIOVASKULA

4. tyden

* | vitelinni obéh: dorsalni aorty — aa. omphalomesentericae — splyvaji v jednu a. omphalomesenterica
— vv. omphalomesentericae + vv. umbilicales — parovy truncus vitelloumbilicalis — sinus venosus

Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta

Umbilical artery

Amniotic cavity ¢ Tertiary villus

Umbilical vesicle Umbilical vein

chorion
Vitelline artery Umbilical cord
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Anterior, common, and posterior cardinal veins

Sinus venosus Dorsal intersegmental arteries

Pharyngeal arch
arteries

Dorsal aorta
Umbilical artery
Amniotic cavity Tertiary villus

Amnion

Vitelline vein

" il b / Wall of
Umbilical vesicle Umbilical vein horlon
Vitelline artery Umbilical cord

4. tyden

6. tyden

a vitelinni vény

v. cardinalis

?! ..,/ anterior T~

sinus venosus

v. cardinalis communis

wv. vitellinae et umbilicales

v. cardinalis posterior

R

subkardinalni anastomoza

subkardinalni zila

anastomodza pfes
mezonefros

iliakalni anastoméza
postkardinalnich Zil

kardinalni, umbilikalni l. subkardinalni D suprakardinalni

vény veny

hepaticky
segment

_E.<

véna
vény




VYVOJ KARDIOVASKUL

Vyvoj primitivniho srdce 3. tyden

* parové endotelialni trubice (cor tubulare duplex) z embryonalni splanchnopleury v kardiogenni oblasti
* flexe & medialné fuzuji: jednoduché trubicovité srdce (cor tubulare simplex)

* visceralni mezoderm: myoepikardovy plast: myokard a epikard

* srdecni rosol (cardiac jelly) — subendokardové vazivo

* srdecni kontrakce 21-22. den (5.tyden podle LMP)

* uzavrenad cirkulace ~ 4.tyden (gestacni)

{M 50 pm J v . -
i, * . ' e

Heart primordium ?‘ Krevnl bunky "1\'
L ¥ =, . -

.,% (]
-

Neural plate i s ;
Umbilical vesicle
with blood islands

Cut edge

of amnion

Primordial

blood vessel

Blood island
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3-4. tyden

Folding and Fusion of the Heart Tubes




VYVOJ KARDIOVASKUL

4. tyden

« jednoduché tubularni srdce (cor tubulare simplex a cor tubulare sigmoideum)

* sinus venosus — atrium — ventriculus — bulbus cordis— truncus arteriosus

Atrium,

Sinus venosus

Vitelline veins
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4. tyden

Cor tubulare simplex

Cor tubulare sigmoideum
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Neural groove 1st pharyngeal Future forebrain
i BCHLAMEG 1st pharyngeal arch
1st pharyngeal Neural fold Prifisrdil
arch artery pharynx

o
picardium Sites of fusion

of endocardial
heart tubes

Pericardial
cavity

Bulbus
cordis

_ _ Amnion
Amnion E @ Myocardium

Endocardium Ventricle

Heart
tube
Pericardial
cavity

Myocardium

Endocardial

) heart t
Cardiac eart tubes
jelly Wall of
umbilical

vesicle

A Left vitelline vein B Cavity of umbilical vesicle C  Primordial atrium

Neural groove

2nd pharyngeal arch

1st pharyngeal arch
RRRKNg artery

Neural fold artery

Truncus
Truncus arteriosus
arteriosus

Bulbus
cordis

Future left
ventricle

Ventricle Future

Primordial

_ _ atrium
Primordial

atrium

Sinus Common

venosus cardinal
vein

Umbilical vein E  Umbilical vein Vitelline vein
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4. tyden
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Rozdéleni spolecného atria (atrium communis)

endokardovym polstarim (endocardial cushions)

* apoptdza — foramen secundum
* septum secundum — foramen ovale

* valvula foraminis ovalis z septum primum

* foramen ovale: kriticka embryonalni spojka

* foramen ovale patens

septum primum z dorso-kranialni stény smérem k

neuplné uzavieni — foramen (ostium) primum

Pulmonary
vein

A

Ductus arteriosus

Superior vena cava &

Pulmonary vein i &

H-Q\
4 \(

Crista dividens

/ :
\

\

Pulmonary artery

Inferior vena cava

Descending aorta

Ductus venosus

Sphincter in

ductus venosus vein

1)
' \‘ : : ....
/ W Portal
Inferior vena cava

Umbilical
vein

Umbilical arteries
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Sinus venosus

* sinus venosus béhem atrialni septace:

- posun Usti sinus venosus doprava — pravé atrium Primitive jugular

- leva ¢ast sinus venosus se oddéluje — sinus coronarius Subclavian

Duct of Cuvier

Vitelline
Umbilical
Cardinal
\— /[
. Subcardinal
Renal
]\
External iliac
A

Hypogastric
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BEFORE BIRTH

RIGHT ATRIUM LEFT ATRIUM
HIGHER PRESSURE LOWER PRESSURE

Septum secundum ——~

Shunt

Foramen ovale

~ ~&—— Septum primum
(valve of foramen ovale)

AFTER BIRTH

RIGHT ATRIUM

LEFT ATRIUM
‘LOWER PRESSURE

HIGHER PRESSURE

Septum secundum —

Oval fossa o

~€«—— Septum primum
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Rozdéleni spolecné komory (ventriculus communis)

* septum interventriculorum primitivum — docasné

atrioventriculare

* pars membranacea septi interventricularis

Atrioventricular
canals

Septum primum

Atrium

Ventricle

Dorsal endocardial
cushion

Interventricular
septum

28 days

septum interventriculare na konci 4. tydne — kranialné, sagitalné smérem k foramen

foramen interventricualre — uzavira se béhem tvorby aorto-pulmonalniho septa

Foramen ovale

Right Left atrium
atrium

Tricuspid Mitral valve
valve

Right Left ventricle
ventricle

8 weeks
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 Rozdéleni bulbus cordis a truncus arteriosus

5. tyden — bulbarni a trunkalni valy
* vazivo pivodem z neuralni listy
* 180° otocCeni — spiralovité aorto-pulmonarni septum

* plicni kmen a aorta se otaci kolem sebe

* bulbus cordis je soucasti definitivnich komor:
prava komora: conus arterious (infundibulum) — plicni kmen

leva komora: vestibulum aortae

Truncal ridge

Bulbar ridges

Left atrioventricular canal



VYVOJ KARDIOVASKULARNIHO S

e \/yvoj srdecnich chlopni

* semilunarni chlopné béhem septace truncus arteriosus z endokardovych polstara atriopulmonarniho
septa
* atrioventrikuldrni chlopné z endokardovych polstard a myokardu ve foramen atrioventriculare

commune
Superior Endocardial Cushion
CommonAV cana

Dorsal valve swelling Aorts ! Left AV canal
Right bulbar Posterolateral cusps A @ B [@
ridge
A

Lateral cushion

Inferior Endocardial Cushion Right AV canal
Left bulbar

ridge

Anterolateral cusps

Myocardium

Chordae tendineae
Papillary muscles

D

AV valves

P Muscularcords
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Folding brings heart !

!
1
{
A
1
|

tubes into the ventral ! Aortic and pulmonary!

midline : trunks dlwde‘

1 A1

i | / » (1) | R

: /I | Heart looping! |\ (/ Septation n N

- // ?I l | \ - / § /
i?ﬁﬁg \ \r'L;‘-j!. .‘F—‘JI' ¥ ¢\
: 1 1 :
\ ¥ -
Heart tube fusionj )
| Valves developed

Heart tube begins to beat

rRscAa RCC

Human
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20. tyden
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Embryonic Circulation

Aortic arch arteries Anterior cardinal vein
Ventral aorta Common cardinal vein
Dorsal aorta Posterior cardinal vein

: Placental
~  Circulation

Left umbilical vein
) Umbilical artery




VYVOJ KARDIOVASKULA

Aortalni oblouky

Aortic sac

Right dorsal aorta (ventral aorta) Left dorsal aorta

Right 1st arch Left 1st arch

Right 2" arch Left 279 arch

Right 3@ arch Left 3" arch

Right 4t arch Left 4™ arch

Right 5t arch Left 5t arch

Right 6™ arch Left 6™ arch

Truncus arteriosus

Right 7t intersegmental artery Left 7t intersegmental artery

Fusion of dorsal aorta
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Aortalni oblouky

A Dorsal
H aorta

Aortic arches

1
1l
v

Vi

Right dorsal
aorta

AP W N -

()]

zanikd, z ¢asti a. maxillaris
zanika, z ¢asti a. stapedia a a. hyoidea
a. carotis communis, a. carotis interna

pravy dava vznik proximalni ¢asti a. subclavia dextra (distalni ¢ast pochazi z
dorsalni aorty a ze 7. intersegmentalni arterie);
z levého vznika arcus aortae

7 v s

vpravo z proximalni ¢asti vznika a. pulmonalis dextra, distalni ¢ast zanika;

7 v 7

vlevo z proximalni ¢asti vznika a. pulmonalis sinistra, z distalni casti vznika
ductus arteriosus.

External carotid
arteries

Internal carotid artery

Right vagus nerve = . Left vagus

s ‘.;__']" I nerve
)f/
S
( h / Arch of aorta
carotid artery ~ 4
Right subclavian artery

Right recurrent nerve

7th intersegmental
artery

Left recurrent
nerve

Ductus
arteriosus

Pulmonary
artery
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Zloutkové tepny

* aa.vitellinae (aa. omphalomesentericae)
* ventradlni vétve dorsalnich aort
* redukce béhem vyvoje na tri hlavni cévy:
1 truncus coeliacus
2 a. mesenterica superior

3 a. mesenterica inferior

HiEsGapaalei uHL
celiac

artery
Paneroes
superior
mesenteric
artery
Mesendery

inferior
mesanteric

artery
Hiwidsput

Dorsal aorta
Primitive jugular

vein

Amnion
Cardinal vein __

Dorsal avrig

Belly-stalk

Coeliac

_ Superior trunk
mesenteric artery
Abdominal
aorta
Inferior
mesentet
artery
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Pupecnikové tepny

* aa.umbilicales
* ventradlni vétve dorsalnich aort, pozdéji napojeny na aa. iliacae communes.
* po narozeni: proximalni ¢asti a. umbilicales tvofi aa. iliacae internae a aa. vesicales superiores.

distalni casti obliteruiji.

Aorta Ductus Arteriosus

Foramen Ovale

Pulmonary Artery

Placenta

Umbilical
Cord Umbilical
Vein

Umbilical
Arteries
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Kardinalni vény a vyvoj vena cava inferior

* Ctyri zakladni segmenty

1 hepaticky segment (proximalni ¢ast v.
omphalomesenterica = v. hepatica)

2 prerendlni segment (prava v. subcardinalis)

3 renalni segment (anastomdza mezi v. subcardinalis

v. cardinalis
anterior

sinus venosus

v. cardinalis communis

vv. vitellinae et umbilicales

“}/ v. cardinalis anterior

|

b v. cardinalis communis
= v

i:’ Q'<f/ kaudalni extenze

i hepatického segmentu
4 VC

v. supracardinalis

v. subcardinalis

a v. supracardinalis

4 postrendlni segment (prava v. supracardinalis)

Vena cava superior: prava
v. cardinalis communics a
v. cardinalis anterior

mezonefros

subkardinalni anastomoza

subkardinalni zila

anastomoza pfes \

subkardinalni
anastomoza

| subsuprakardinalni

"
i E} 1\ anastoméza
1 A

v. cardinalis posterior

}T

) e

lu\ TR
iliakalni anastomadza B - il iliakalni anastomaéza

postkardinalnich

v. cardinalis

communis
>
/ v. cardinalis
. posterior

v. subcardinalis

v. subclavia F
hepaticky S:eg;rn}\“

vena cava inferior (IVC) w"

prerenalni segment ( f
IVC (subkardinalni Zila) subkardinaini

anastomoza

renalni segment IVC
(subsuprakardinalni
anastomoza)

v. renalis

kmen v.
spermatica
zadni segment IVC interna

(suprakardinalni Zila) .
v. spermatica

i interna
v. iliaca externa

iliakalni
anastomoéza
postkardi-
nalnich zil

v. hypogastrica

kardinalni, umbilikalni _ subkardinalni D
a vitelinni vény vény

v. suprarenalis dx.

2il postkardinalnich zil

v. brachiocephalica sin.

V. jugularis
interna dx .
.; v. subclavia sin.
V. ugularls p -
externa dx. v obliqua
v.cava /jw e
superior L
V. azygos v. hepatica

Ve T™———v. hemiazygos
v. suprarenalis sin.

v. renalis dx. v. renalis sin.

v. spermatica —-—-'—""'",‘
nebo ovanca dx.

V. spermat\ca nebo
ovarica sin.

‘VC v. iliaca communis sin
v. iliaca externa %(
v. iliaca |ntema—-——tﬂ

v sacralis media

V. — véna
w. — veény

suprakardinalni hepaticky
vény segment
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Anomalie velkych dutych zil

Dvojita SVC: leva predni kardindlni Zila perzistuje — leva SVC

Leva SVC: prava v. cardinalis anterior a v. cardinalis communis degeneruji, zastavaji levostranné vény
Absence hepatického segmentu IVC: krev odchazi cestou v. azygos a hemiazygos do pravého atria.
Dvojita IVC: perzistence zakladl obou IVC v disledku absence anastomdz mezi kaudalnimi vénami

v. cardinalis

v. subclavia communis

hepaticky segment
vena cava inferior (IVC)

v. cardinalis
posterior

v. subcardinalis

prerenalni segment ‘ f
IVC (subkardinalni Zila) . subkardinalni

anastomoza

renalni segment IVC
{subsuprakardinalni
anastomoza)

v. renalis

kmen v.
spermatica
zadni segment IVC interna
kardinalni Zil ,
(suprakardinalni Zila) v. spermatica

- interna
v. iliaca externa |

B
: \ T a ]
v. hypogastrica % iliakalni
\ anastomoza
postkardi-

c nalnich Zil

Right superior intercos| Left superior intercostal vein

) Accessory hemiazygos
vein

Posterior intercastal vein

Right subcostal vein

Right ascending lumbar vein Ascending lumbar vein

a cava



VYVOJ KARDIOVASKUL

Zloutkové vény

* parové vv. omphalomesentericae, vedou krev ze Zloutkového vaku

e septum transversum

* Usti do sinus venosus (spolu s pupecnikovymi vénami jako trunci vitelloumbilicales)

* rust jater — rozdéleni vv. omphalomesentericae na proximalni oddil (Zloutkovy vak-jatra)
a distalni ¢ast (jatra-srdce)

e proximalni usek levé v. omphalomesenterica mizi

» proximalni usek pravé v. omphalomesenterica posthepaticky segment IVC

» distdlni useky vytvori dvé anastomdzy a ndsledné v. portae

vena cardinalis anterior anasiomdza mezi vv. cardinales anteriores

levy roh sinus venosus v. cardinalis anterior
v. cardinalis communis

pravy roh sinus venosus

degenerujici prava

degenerujici proximalni sk e
9 ol umbilikalni veéna

leva umbilikalni a vitelinni véna

vena cava inferior
ductus venosus

sfinkter
v ductus venosus

perzistujici &ast
levé umbilikalni vény placenta

. '/

duodenum

vitelinni vény vytvarejici vena portae
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Pupecnikové vény

* parové (na zacatku) vv. umbilicales, vedou krev z choriovych klk{
* v dlsledku ristu jater zanikaji proximalni Useky obou vén

* distalni cast pravé umbilikalni vény mizi

* distalni ¢ast levé umbilikalni vény tvori ductus venosus

Sinus venosus

Right umbilical vein

Umbilical vein
Right vitelline
wein
Vitelline duct
Vitelline duct
Left vitelline

Left umbilical vein vein
(a) (k)

Ductus
VENOSUS

Umbilical vein

(d)
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Defekt sinového septa Defekt komorového septa

Teratologie

NV J Vv
* Acardia - 100
* Ectopia cordis \
« Dextrokardie = N T
> _ r
IS e

* Atriadlni septalni defekty
* Ventrikularni septalni defekty
e Stendza truncus pulmonalis

80
* Fallotova tetralogie (pentalogie)
e Koarktace aort ¥ <
ey e
* Ductus arteriosus apertus 70

krve [litrfmin/m2 povrchu téla]

Fallotova tetralogie
Koarktace aorty

l}_‘i‘ené tepenna duéej

XX ) - saturace krve kyslikem *pratok krve [litr/min/m?2 povrchu téla]
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_ il Fetalni obéh

\ | Placental
~  Circulation

s Left umbilical vein
Umbilical artery

Embryonalni
obéh
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Fetalni obéh

Ductus Arteriosus

Aorta

Placenta
Foramen Ovale

Lung

f

Pulmonary Artery
ik

i
..& Ductus Venosus

’ \ Liver ' | . e

\ | Left Kidney
N

Umbilical Cord
Umbilical Vein

B oxygen-rich Biood Umbilical Arteries

. Oxygen-poor Blood
B Mixed Blood

Superior Capillaries of
vena cava head, chest, and
arms
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Postnatalni obéh
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