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Krev - sanguis

Hlavni transportni systém organismu

6% telesné hmotnosti, cca. 5/

Dychaci plyny
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Splodiny metabolismu
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Krev - slozeni
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Obr. 4. POCETNI POMER JEDNOTLIVYCH DRUHU KRVL
NEK; ve sloupeccich pocty krvinek v 1 mm? krve, v krychli #na-
zornén vzdiemnv pomdér téchta nodt

krevni buriky/krevni plasma=
hematokrit (0,4-0,5)

Krevni plasma

92% voda

8% bilkoviny (7,1% - globuliny,
albuminy, fibrinogen), soli,
glukoza, vitaminy, hormony...

Krevni bunky

Erythrocyty — Cervené krvinky
— bilé krvinky

Trombocyty — krevni desticky



Krevni plasma

— B. Plasmaproteins

Albumin Globulins
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Plasma = sérum + koagulac¢ni
faktory (fibrinogen atd.)

— C. lon composition of body fluids
Interstitium

-

Cations Anions Cations Anions

Inorganic
phosphate

HCOS

HCOy

Proteins, phosphates, MNa'
etc. Ca®’, Mg*~

mEgfL (mmol{L)
Interstice

Mise,

Sum 150 162 153 ca. 152
*) Total plasma Ca: 2.5 mmal/L: **) Total plasma Ma: 0.9 mmolfL

— D. Concentrations of immunglobulins in serum
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Cervené krvinky —
erytrocyty (4,5-5x105/ml)

* Tvori se v kostni dreni
e U fétu ve sleziné a jatrech

* Potfeba Fe, B,,, kys. listova, hormon
erytropoetin (ledviny)

* Bezjaderné bunky, slabé reparacni procesy,
anaerobni metabolismus

e Zivot cca 120 dni, rozkladany ve sleziné a
jatrech

Circulation

3 x 1013 red blood cells

900 g hemoglobin

1x 1010 RBC 1x 109 RBC
0.3 g hemoglobin 0.3 g hemoglobin
per hour per hour
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FIGURE 31-5 Red cell formation and destruction. RBC, red

blood cells.



Produkce cervenych

krvinek

— A. Regulation of RBC production —

1 Hypoxia

Po, § «— High altitude, etc.
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@/-) lje detekovén v ledviné
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. zvysena erytropoéza

zvysuje mnozstvi erytrocytu

\ ledvina
{senzor — integrator)

krevni céva

prekurzory
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hemocytoblast
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signal
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Obr. 6.4. Erytropoéza. Po snizeni kysliku v krvi uvolfiujiledviny erytropoeticky faktor. Ten pfeménuje
inaktivni erytropoetin vznikajici v jatrech na aktivni erytropoetin, ktery stimuluje produkci erytrocytti
v ¢ervené kostni dreni. Tim se zvysuje erytropoéza, zvétSuje se mnozstvi Cervenych krvinek a krev
se znovu nasyti kyslikem
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Hemoglobin —
prenos dychacich plynu
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Fig. 2. Disgramenatic pressntation of embeyonic, fetal and adult erythropoiess.
0 = eveulation age GiA = gestation age.



Hemoglobin — detaily (rcsb.org link)

Struktura A2B2, 4x hem a globin Hem

Globin
polypeptide



https://www.rcsb.org/pdb/explore/explore.do?structureId=4YU4

1 * Oxyhemoglobin a
IKU deoxyhemoglobin

Transport kys

* Saturace hemoglobinu

OZ + Hb _ Hsz 100 et
. | Amount of O,
—_ I~ unloaded in
Percent Hb saturation = £ 8 L — tissue
O, bound to Hb % 100 _E capillaries
Maximal capacity of Hb to bind O, ©
5 60
5
Oxygen Content of Systemic Arterial =
TABLE 13.7 Blood at Sea Level s
on
o . .
X : . Systemic Systemic
1 liter (L) arterial blood contains E 2 vgnousl axerial '
P Op P Oz

3 mL O, physically dissolved (1.5%)
197 mL O, bound to hemoglobin (98.5%) 20 40 60 80 100 120 140

} '

Total:  200mL O, Po, (mmHg)

Cardiac output = 5 L/min Figure 13.26 Oxygen—hemoglobin dissociation curve. This curve

O, carried to tissues/min = 5 L/min X 200 mL O./L applies to blood at 37°C and a normal arterial H" concentration. At
any given blood hemoglobin concentration, the y-axis could also
= 1000 mL O,/min have plotted oxygen content in milliliters of oxygen per liter of blood

(normally about 200 mL/liter when hemoglobin is 100% saturated).



Disociacni kfivka Hb —0,, verze Il. .= 7 2 ‘3%

Pure H,O Add Hb to New
- with O, right side equilibrium
X ©°
S, = 00, 0 Hb
3]
Q E -
f ON V plicich Figure 13.27 Effect of added hemoglobin on oxygen distribution
_— - VvEEi afinita — between two compartments containing a fixed number of oxygen
100 10 y \, . molecules and separated by a semipermeable membrane. At the new
L equilibrium, the P, values are again equal to each other but lower than
CRL LR L .. before the hemoglobin was added. However, the total oxygen—in other
- & Myoglobln words, the oxygen dissolved plus that combined with hemoglobin—is
® /\ now much higher on the right side of the membrane.
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SO0 T Ve tkanich
/
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Obr. 12.6. Saturacni, vazebné kiivky hemoglobinu (Hb) maji sigmoidni tvar. Afinita Hb ke kysliku se mtze ménit (vliv teploty, pH),
posun kFivky doprava znamena nizsi afinitu. Srafované jsou pracovni rozsahy: ve tkanich je nizsi pO, a kfivka je nejstrméjsi - O, se
nejlépe uvolnuje. V plicich je kfivka plocha - dusledky zmén pO, (napf. s nadmofskou vyskou) jsou malé. Myoglobin ma jen jednu
jednotku a jiny tvar kiivky.



Vl0iv fyziologickych podminek na saturaci
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CO, + Hb == HbCO,

carbonic

Transport CO,

CO, + H;O = H,CO; == HCO;” + H"

carbonic bicarbonate
acid

Erythrocyte

ko * Odpadni latka, toxicky diky
(expired COy) H* - MpH

* 10 % rozpusténych v plasmé
a cytosolu erytrocyt(

* 25—30 % karbhemoglobin

Plasma

Erythrocyte

Alveolus
- 0 v/
cr HCO,4~ Dissolved CO, * t6)0k ?)5 A){V ery tvori
Capillary €O, IKar Onat
wall
Interstitial fluid - ° VVména HCO3 do pIasmy Za
| Cl-(chlorid shift — zachovani
Cl™ Capillary .
_ HCOS- | wall elektroneutrality)
Tissue Tissue capillary / Lung capillary tung

BP|R)] Figure 13.30 Summary of CO, movement. Expiration of CO, is by bulk flow, whereas all movements of CO, across membranes are
by diffusion. About two-thirds of the CO, entering the blood in the tissues ultimately is converted to HCO; ™ in the erythrocytes because carbonic
anhydrase (CA) is located there, but most of the HCO;~ then moves out of the erythrocytes into the plasma in exchange for Cl™ (the “chloride shift”).



é krvinky (10%/1 krve)

Basofil D

Leukocyty — bi

. inofil
Monocyt Eosinofi

Neutrofil

63 % - granulocyty — uto¢né chemické zbrané organismu (H,O,, O-, OH-, '0,, NO)
 eosinofilni — alergicka a parazitarni onemocnéni
* neutrofilni — nejrozSifenéjsi, proteolitické a baktericidni latky, velmi pohyblivé

 bazofilni — soucast komplementu, aktivace pfi zanétu (spolu s eosin. g.)

31 % - lymfocyty
T-lymfocyty — dozravaji v thymu, bunécna imunita, presentace antigenu (Tyger)s Teytotoxic: NK T-cells

B-lymfocyty — dozravaji v kostni dfeni, plazmatické a pamétové buriky, produkce protilatek

6 % - monocyty — vznik v kostni dfeni, méni se na makrofagy, fagocytujici bunky

+ NK cells (0.1 %), mast cells (zZirné bunky) , destic¢ky...



Imunitni systém a jeho funkce

* rozliSuje uzite¢né a Skodlivé * snizena resistence k infekcim
(Identification friend or foe (IFF)) * imunodeficience
e zajistuje obranu organismu * patologicka reakce na vnéjsi
antigeny
* alergie
* zajiStuje imunitni dohled * patologickd reakce na vnit¥ni
antigeny

e autoimunita

* navozuje mechanismy tolerance  * shizeny imunitni dohled
e onkologicka onemocnéni



Imunita

NESPECIFICKA (vrozend) a s ni propojena imunita SPECIFICKA (ziskana)
HUMORALNI (tkafova) vs. BUNECNA

Interakce antigen (cizoroda latka)+ (protilatka) dochazi k:
a) neutralizaci antigenu,

b) oznaceni (opsonizaci) pro nespecificky imunitni aparat,

c) aktivaci komplementu (obranné latky rozpusténé v plasmé).

Primarni odpoved imunitniho systému je pomala, sensibilizace. Pri dalsim setkani se
stejnym antigenem — rychla odpovéd, nemoc nepropukne, vznik imunity

Ockovani — predlozeni oslabenych patogent (antigen) (=aktivni imunizace) a tedy
sensibilizace imunitniho systému jesté pred setkanim s nativnimi viry, bakteriemi.
Mozno téz ockovat jiz hotovymi protilatkami, imunoglobuliny (=pasivni imunizace)



od 4. dne - 6. tydne

od 6. tydne
od 9. tydne (2. mésic)

Tuberkuldza (pouze u rizikovych déti s indikaci)

Zaskrt, tetanus, Cerny kasel, détska obrna, zZloutenka typu B,
onemocnéni vyvolana Haemophilus influenzae typu B

Zaskrt, tetanus, Cerny kasel, détska obrna, zZloutenka typu B,
onemocnéni vyvolana Haemophilus influenzae typu B

Zaskrt, tetanus, ¢erny kasel, détska obrna, zZloutenka typu B,
onemocnéni vyvolana Haemophilus influenzae typu B

11.-15. mésic
Spalnicky, zardénky, priusnice

Zaskrt, tetanus, Cerny kasel, détska obrna, zZloutenka typu B,
onemocnéni vyvolana Haemophilus influenzae typu B

do 18. mésice
Spalnicky, zardénky, pfiusnice
Zaskrt, tetanus, cerny kasel

Zaskrt, tetanus, Cerny kasel, détska obrna
13. rok (jen divky)

14. rok (u neockovanych Tetanus
v 10-11 letech)

VEK DITETE POVINNE OCKOVANI (CR platny k 1. 1. 2014) NEPOVINNE OCKOVANI

Rotavirové nakazy
Pneumokokova onemocnéni*

Rotavirové nakazy
Pneumokokova onemocnéni*

Rotavirové nakazy
Pneumokokova onemocnéni*

Pneumokokova onemocnéni*

Plané nestovice, spalnicky, zardénky,
priusnice

Plané nestovice, spalnicky, zardénky,
priusnice

Onemocnéni lidskym papilomavirem
(karcinom délozniho cCipku)*

Zaskrt, tetanus, Cerny kasel



/anet — nespecificka imunitni reakce

A | Bacteria are introduced
~ into a wound

Chemical mediators

~ cause vasodilation and

capillary permeability;
chemoattractants recruit
neutrophils to area

C _ Diapedesis results in
neutrophils entering
tissue where they
engulf bacteria

D ' Capillaries return to
~ normal as neutrophils
continue to clear the
infection



Macrophage

Fagocytoza
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— A. Nonspecific immune defenses enhanced by specific antibodies

Humoral Cellular
e Fcand C3b
Lysozyme . receptors
~~—— Damages membranes & ey -
E! i RN
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killer cells,
Band T cells \ Antigens opsonized
Phagocytosis by lgand C3b
Complernent activation e
Alternative Classical ! / \ .
3 Clg Lysis
Release of:
Antigen-antibody Oxidants, ——= pembrane
complexes proteases, ———= damage
Micro- C1 mediators of -
organisms / ! inflammation €—— ?ncat::\rran::elﬂiges
\ '-. \ (see plate B3)
P —C3a
—Cda
— (53 -
E,b. ——= Opsonization
of an:gen Mediators of
% P Activation inﬂ"‘TTatlﬂ"
> T
Membrane attack y.
complex (C5-C9) “ 4
Mast cells,
basophils
Ma® 3
HaO N
_ s PN
Oxidants Eosinophils || #. % ¢
Proteases * Bt
¥ EN HED Perforins . l'
- Natural Ty
killer cell
\ \»

Immunglabulins
{see plate C3)

TABLE 18.3
Kinins
Complement
Products of blood clotting
Histamine

Eicosanoids

Platelet-activating factor

Cytokines, including chemokines

Lysosomal enzymes, nitric oxide,
and other oxygen-derived substances

Nespecificka
Imunita |.

Some Important Local Inflammatory Mediators

.";"'l uroe

Generated from enzymatic action on plasma proteins
Generated from enzymatic action on plasma proteins
Generated from enzymatic action on plasma proteins
Secreted by mast cells and injured cells

Secreted by many cell types including myeloid cells
Secreted by many cell types including myeloid cells,
endothelial cells, platelets, damaged tissue cells
Secreted by activated immune cells, monocytes,
macrophages, neutrophils, lymphocytes, and several
nonimmune cell types, including endothelial cells

and fibroblasts

Secreted by injured cells, neutrophils, and

macrophages

Selected Functions

Dilate vessels; increase vascular permeability
Opsonizes or directly kills pathogens

Tissue repair

Increases vascular permeability

Vasodilation; trigger sensation of pain; induce
fever

Amplifies many aspects of inflammation; helps
in platelet aggregation

Chemoatiraction for leukocyies

Destroy pathogen macromolecules



Bone marrow
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— B. Specific immunity: T-cell activation

T lymphocytes
D8 T cells recognize CD4" T cells recognize
mﬂmnum e antigen in HLA{MHC)-| antigen in HLA{MHC)-1I
- Macrophages P -
- Dendritic cells
- B cells

APC | Antigen

or HLAJI -'(‘ )

Example: 1
Dendritic cell ICAM

A [ [ CD8 or (D4

| T-cell receptor, resp. T cell

2

T-cell

iferation

(clonal e;q:ansmnd differentiation)

CD8{HLAA

Infected cell, l

tumor cell, foreign cell

Cytotoxic T cell

&a

CO4/HLAN

|
mMa

Inflammation

cruphugei

Specificka
Imunita,
aktivace

lymfocytu

— C, Specific immunity: B-cell activation

B lymphocytes
e I
Antigen binding
) m Activation
-
- IgD, Ight

2 = Monomer
Antibody

i ) network

.'|> W

P Internalization

| h
[ !
A\
Tho cell ﬁ [ Processing

(see plate B3)
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Specific humoral immune response
(see plate A)




Protilatky

/\One “prong”

Specific antigen-
binding sites

Antigen-binding

site
Light
/ Variable chain
Light ends
chain
— Constant ends
Heavy chain
- Fc Heavy
(“stem”) chain

Monomer
IgD, IgE, IgG

Dimer
IgA

Pentamer
IgM



Protilatkova odpoved

Primary Secondary
antibody antibody
response response
| | L I
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S o Skin surface
( Begin » \
\ Open
cut
Y
\ /

Bacteria

Blood or lymphatic vessel

LYMPH NODE
Processed antigen OR SPLEEN

Class || MHC protein “‘( .-
B cell

_, @ IL-1, TNF-o.

Tcell § w-._.||-2

F

IL-2 and other
cytokines

Specmc
antlbodles

Secreted
into systemic
% circulation

Specificka imunita

e Bakterialni infekce aktivuje
specifickou (B-lymfocyty) i
nespecifickou (makrofagy) vétev
imunitni odpovedi

 Specifické protilatky aktivuji dalsi
slozky imunitniho systému
(,,nespecifického®)



Alergicka reakce

Mast cell

TABLE 18.9  Major Types of Hypersensitivity

T,

ot

I. Delayed hypersensitivity M?Crlatﬂl' rej|e;|ase ‘

A. Mediated by helper T cells and macrophages & ~ o %9

B. Independent of antibodies |
Early allergic T
reactions i i i ;
II. Immune-complex Hypersensitivity (immediate Onsetin minutes Onsetin2-8h Al
A. Mediated by antigen—antibody complexes deposited in tissue hypersensitivity) ==
A Infiltration of local
. e Bronchial smooth muscle area with eosinophils
III. Cytotoxic Hyperseqsﬂwﬂy ‘ contraction (difficulty breathing)

A. Mediated by antibodies that lead to damage or destruction Vascular leakage (swelling) JL

Hypotension (shock)
Mucus secretion
Itching

of cells, as in hemolytic disease of the newborn ‘ Mediator release ‘

: e Persists for
IV. Immediate Hypersensitivity 1-2 days

A. Mediated by IgE antibodies, mast cells, and eosinophils | 2L

Infiltration of local
area with macrophages
Tissue destruction




Thrombocyty — krevni desticky a srazeni
krve (200-400.10%/1 krve)

Vznikaji v kostni dfeni jako ulomky megakaryocyt(, obsahuji trombokinazu

Poskozena krevni céva

) i)
Cervené krvinky i

Pruhovany sval

- Fibrin
Krevni desticky

Kli¢ovou roli pfi stavéni krve, vytékajici z poranéné cévy, dalsi desti¢ky. Druha chemicka latka uvolnovana z poskozené
sehravaji krevni desticky. Okamzité po zacatku krvéaceni se tkané, trombin, pfeménuje rozpustnou bilkovinu fibrinogen
pfilepuji ke kolagenu cévni stény a uvolfiuji adenosindifosfat  na nerozpustna vlakna fibrinu, ktera pak do svych siti chytaji
(ADP). Ten pusobi jako signal, svolavajici k mistu poranéni i Cerven¢ krvinky a spolu s nimi vytvareji vyslednou zatku.



Hemostaza — zastava krvaceni

poskozend céva

J

~{ reakce dest'iﬁeh |

Jx
§
III

",

E"“i formovani fibrinu

’ lllllll

—

| fibrinové zatka

l

EEE"'-I regenerace cevy

Figure 12.73 Scanning electron micrograph of erythrocytes
enmeshed in fibrin.

* VVazokonstrikce — mechanicky a
cinnosti svaloviny cév

* Reakce desticek (spojovani do

vetsich celku

 Hemoagulace (vnitrni a vnéjsi

koagulacni kaskada)

* Fibrinolyza — odstranovani

trombu (srazené krve)



Koagulace a jeji poruchy

|

— C. Blood clotting

F

TF - PL -Ca*" - Vila / - ‘l‘J"l

Exogenous activation by TF) Endugenuqs activation
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plug clot
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— D. Causes and consequences of a bleeding tendency
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— D. Senzibilizace mezi matkou a plodem v systému Rh a pfi krevnich transfuzich
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