HEMOSTAZA (zastava krvaceni)

= soubor mechanismu, které na jedné strané brani
vzniku krvaceni, na strané druhé stavi krvaceni jiz

vzniklé

e Reakce cév v misté poranéni
e Cinnost krevnich desti¢ek

e Srazeni krve



HEMOSTAZA (zastava krvaceni)

Dokonala rovnovaha nékolika systému:

* endotel cévni stény

* kolagen lezici pod endotelem

* tonus cév

* pocet a kvalita krevnich desticek
e srazlivé a fibrinolytické systémy

e charakter proudéni v céve

brani jak krvaceni, tak intravaskularnimu srazeni krve



REAKCE CEV

Vasokonstrikce

Stupen vasokonstrikce zavisi na stupni poskozeni cévy
Serotonin z destickovych granul

Adrenalin

Fibrinopeptidy



FUNKCE DESTICEK

* Ochrana organismu pred ztratou krve

e Udrzovani integrity cévni stény a hojeni poranéni cév
(destickovy rustovy faktor z a.-granul)

e Zanetlivé reakce, zmeny permeability kapilar,
odstranfiovani cizorodych latek, viru, bakterii, odvrzeni
transplantatu...

* NosiC pro rtzné latky absorbované na povrch desticek



KREVNI DESTICKY (TROMBOCYTY)

Bezjaderné, bezbarvé, granulované, nejmensi formované

elementy krevni

Vznik: megakaryocyty kostni drené pod vlivem kolonie
stimulujicich faktort — interleukinu (/L-1, IL-3, IL-6) a

granulocyty a makrofagy stimulujiciho faktoru (GM-CSF)

Pocet: 200 000 — 500 000 v ml, z toho tretina ve sleziné a

dvé tretiny v cirkulaci
Zadné vékové ani pohlavni rozdily v poétu

Trombocytoza — po splenektomii



Velikost: 2 — 4 um primér, 0,5 — 1 um tloustka, 4 — 8 fl

objem

Tvar: hladkeé, okrouhlé disky

Tvar udrzovan cytoskeletem - prstenec mikrotubult kolem

periferie, silné invaginovana membrana, kanalikularni

systém spojeny s extracelularnim prostorem.



Membrana: obsahuje receptory pro prilnuti na vhodné
povrchy, napft. kolagen, von Willebranduyv faktor, fibrinogen

Cytoplasma: obsahuje aktin, myosin, glykogen, lysozomy a
Granula:

denzni granula (neproteinové substance — serotonin, ADP,
adenonukleotidy) a a granula (proteinovy obsah: faktory
srazeni, destickovy rustovy faktor — PDGF)

Glykokalyx: 10 — 50nm, smeés bilkovin a
mukopolysacharidu (faktory systému srazeni, ionty, AMK,
histamin, léky...)

Doba zivota: 9 — 12 dni, polocas — cca 4 dny



FUNKCE TROMBOCYTU

e Akutni naruseni endotelu — primarni

hemostaza
1. Adheze

- Obnazeni subendotelialnich struktur (kolagen) = spousteci signal pro vazbu
bivalentnich proteinu - vWf - von Willebrandova faktoru (resp. fibronektinu)

- Vazba povrchovych glykoproteint trombocytl GP la/lla/llb/GP Ib/IX/V
- Nasledna adheze trombocytl k poskozenému endotelu.

2. Aktivace
- vazba glykoproteind spousti aktivaci povrchovych struktur trombocyt(

-dhlavnll'_ roli hraje aktivace receptorli pro ADP - tromboxan A2 - trombin - serotonin —
adrenalin

- exprese receptorl GP llb/llla

- tvar desticky se méni z diskovitého na ameboidni (s pseudopodii) a pfitom se uvolnuji
proagregacni a chemotaktické latky



3. Degranulace

- Uvolnéni puUsobkl (sekrece) z trombocytu se déje za spoluplsobeni nékolika
faktor(: TXA,, Ca%*, PLC, myosinkinaza — lehky fetézec (MLCK)

- Degranulace = uvolnéni ADP, tromboxanu A,, serotoninu, adrenalinu, PDGF
(platelet-derived growth factor)

4. Agregace

- Aktivace trombocytl vyvola strukturni zmény s obnazenim vaznych mist receptor(
typu glykoproteinG GP lIb/llla (pocetné nejhojnéjsi GPs)

- Aktivace GP lIb/llla receptord umoini vzdjemné propojeni vidy dvou desticek
prostrednictvim bivalentnich proteint: molekuly fibrinogenu, vWf, vitronektinu, atd.

5. Zavérecna faze
- PGisobenim TXA, a serotoninu dojde k obnazeni a uvolnéni fosfolipidi (PL) na
povrchu desticky

- PL za ucasti Ca%* vyznamné potencuji polymerizaci rozpustného fibrinogenu na
nerozpustnou fibrinovou sit = aktivace koagulacni kaskady
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Figure 1 Morphology of human platelets. (A) Thin section of discoid resting platelets with evenly distributed granules. (B) Thin section

of stimulated platelets, showing formation of pseudopodia and centralization of granules. DB, dense body; PP, pseudopodium.
Magnification x 21,000.

Jurk K, Kehrel BE: Platelets: Physiology and biochemistry. Seminars in Thrombosis and Hemostasis
2005, 31(4):381-392.



Table 1 Agonists, Ligands, and Receptors Important for Platelet Function

Platelet Function Agonists, Ligands Receptors
Initial and firm adhesion vWF GPIb/V/IX
TSP1 GPIb/V/IX, CD36
Collagen a3, GPVI, CD36
Fibrinogen AP
Fibronectin asP”
Vitronectin B3’
Laminin agP”?
High shear stress GPIb/V/IX
Activation and amplification Thrombin PAR1, PAR4, GPlb/V/IX
ADP P2Y,, P2Yq5
TxA, TPa, TPB
Epinephrine Oon
Serotonin 5-HT2A
MMP-2, MMP-17%78 2
Immune complexes Fcylla

Aggregation/amplification and stabilization

Complement factors
Plasmin
Streptokinase

Fibrin

vWF

TSP-177

Fibronectin

sCD40L

Gas6

SDF-1, TARC, MDC

C1q, C3a, Cbha receptors
?
?

Activated o33

Activated oy pp3, GPIb/V/IX
Activated o33, CD36,IAP
Activated o33

Activated o33

Ax|78.79

CXCR4, CCR48%-82

vWEF, von Willebrand factor; TSP1, thrombospondin-1; ADP, adenosine diphosphate; TxA,, thromboxane
Ao MMP, matrix metalloproteinase; IAP, integrin associated protein; SDF, stromal cell-derived factor;
TARC, thymus and activation-regulated chemokine; MDC, macrophage-derived chemokine.

Jurk K, Kehrel BE:
Platelets: Physiology and
biochemistry. Seminars in
Thrombosis and
Hemostasis 2005,
31(4):381-392.
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Fig. 1. Schematic overview of the main platelet receptors and effectors involved in platelet activation, amplification, aggregation and inhibition.

Broos K, De Meyer SF, Feys HB, Vanhoorelbeke K, Deckmyn H: Blood platelet biochemistry. Thrombosis
Research 2012, 129(3):245-249.



Factors Involved in Platelet Function

Chemical Factor

Collagen

von Willebrand factor
(VWEF)

Serotonin
Adenosine

diphosphate (ADP)

Platelet-activating
factor (PAF)

Thromboxane A2

Platelet-derived
growth factor (PDGF)

Source

Subendothelial
extracellular matrix

Endothelium,
megakaryocytes
Secretory vesicles of
platelets

Platelet mitochondria

Platelets, neutrophils,
monocytes

Phospholipids in
platelet membranes

Platelets

Activated by
or Released in
Response to

Injury exposes
platelets to collagen

Exposure to collagen

Platelet activation
Platelet activation,
thrombin

Platelet activation

Platelet-activating
factor

Platelet activation

Role in Platelet Plug
Formation

Binds platelets to
begin platelet plug

Links platelets to
collagen
Platelet aggregation

Platelet aggregation

Platelet aggregation

Platelet aggregation

N/A

Other Roles and
Comments

N/A

Deficiency or defect
causes prolonged
bleeding

Vasoconstrictor

N/A

Plays role in
inflammation;
increases capillary
permeability

Vasoconstrictor;
eicosanoid

Promotes wound
healing by attracting
fibroblasts and
smooth muscle cells

Silverthorn, D. U. Human Physiology — an Integrated Approach. 6th. edition. Pearson Education, Inc. 2012.



DEJE V TROMBOCYTECH PO AKTIVACI
RECEPTORU

Aktivace PLC = PIP, se stepi na IP; a DAG

IP, mobilizuje Ca2* z ER T, ADp
e thrombin ADP PGI
2+ etc.
NCatt = = MT'PB“ ADP ‘ ‘ ‘ b
1. aktivace PLA, = ( P2y, A Eoea N EEL .,  THR
aktivace drahy kyseliny A et < e
arachidonové = N TxA, = o LA g 5 o Wi AN vt A
A degranulace | oce O Eed eer e &
) ( Ll ¢t | AT t ]
2. aktivace MLCK (Myosin l
d granule L
light-chain kinase) b n” ATP cAMP.
PI3K PIP, IP A i PI3K
— kontrakce I N 4
kontraktilniho aparatu =
= zména tvaru S
destiéek dense tubular system
¢ degranUIace Figure5 G-protein coupled seven-transmembrane receptor signaling in platelets. GTP, guanidine triphosphate; PKC, protein kinase C;

TxAgz, thromboxane Az, CO, cyclooxygenase; PI3K, phosphatidylinositol-3 kinase; PIP2, phosphatidylinositolbiphosphate; IP3, inosit-
1,4,5-triphosphate; PLA, phospholipase A; AC, adenylatecyclase; cAMP, cyclic adenosine monophosphate; ADP, adencsine diphos-
phate; ATP, adenosine triphosphate; PGl,, prostaglandin |, R, receptor; PAR, protease activated receptor.

DAG aktivuje PKC =

Jurk K, Kehrel BE: Platelets: Physiology and biochemistry.
¢ degranu lace Seminars in Thrombosis and Hemostasis 2005, 31(4):381-392.
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Figure 6 Monreceptor tyrosine kinase mediated collagen signaling in platelets. Tyrosine-kinases: c-Src, Fyn/Lyn; non receptor tyrosine
kinases; p72°v*, Syk, adapter molecules: LAT, Grads, SLP76; PLC: phospholipase C; ITAM: immunoreceptor tyrosine based activation
motif.

Jurk K, Kehrel BE: Platelets: Physiology and biochemistry. Seminars in Thrombosis and Hemostasis
2005, 31(4):381-392.



Box 1
Thrombin receptor signalling

PAR1 can couple 1o
mambers of the Gi.n., Gy,
and G families**™ to
impact on a substantial
natwork of signaling
pathwways, as shown in the
figura. The a-subunits of
Giys and Gig bind BhoGEFs
[guanine-nuckeotide
exchange factors, which
activate small G proteing
such as Rhop*&-52,
providing a pathway 1o
Rho-dapandant
cytoskelatal responses
that ara likely to be
imvolved in shape changes

SRE

PART

0
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RhoGEFs Phiospholipasa Cp

| |

Rho IPy DAG

| [

Rho-activatad Ca?te Protein kinass C
kinases, stc.

Pdﬂ'lwl
cyclass

?
- Recruitment of PHD-proteins
fo the plasma membrans
{zerine/threcnine kinases,
non-receptor tyrosine kinases,
GEFs, scaffolds for actin
assembly (WASPF) and signalling
complexes, etc.)

= Phospholipase CB

e K+ channels

e G-protein-coupled
receptor kinases

e MNon-receptor tyrosine kinases

FAP kinase cassettes, growth factor "shedding' and receptor tyrosine kinese activation, others

in platelets" and
permaability and migration

(

1
MLC phosphatass,
others Ca?*-regulated kinases. RasGEFs,
Cell shape Secretion  Integrin Metabaolic
activation FESDONSSs

Transcriptional
FESpOnsss

Call mobility

)

in endothedial cells™=*, Ga
activates phospholipase

Cp*, triggering phosphoinositide hydrolysis which results in calcium mobilization and activation of protein kinase C. This provides a pathway to
calcium-regulated kinasas and phosphatases, GEFs, mitogen-activated protein (MAP) kinasa cassattes, and other protains that mediate callular
responaas ranging from granule sacration, integrin activation and aggregation in platelets®, to transcriptional responsas in endothelal and
masanchymal cells. Ge, inhibits ademdate cyclase, an action known to promota platelet responses. GBy subunits can activate phosphoinositide 3-
kinase (PI{3)K)*® and other lipid-modifying enzymes, protein kinases and lon channals® . PI{3)K modifies the inner leaflat of the plasma membrane to
provide attachment sites for a host of signalling proteins®. PAR1 activation can also activate cell-surface “sheddases’ which liberate ligands for
receptor tyrosing kinases, providing a link batween thrombin and receptors involved in call growth and differentiation®™. The plelotropic effects of
PAR1 activation are consistent with many of thrombin's diverse actions on cells. 1P, Inositol trisphosphate; DAG, diacylghyoarol; SRE, sarum
responsa alemant; PHD, pleckstrin homology domain.

Coughlin SR: Thrombin signalling and protease-activated receptors. Nature 2000, 407(6801):258-264.



ZASTAVA KRVACENI I. — bily trombus

Adheze (obnaZeni cévni stény — kolagen — receptory pro kolagen na trombocytu,
laminin, von Willebranddv f.).

Aktivace a zmeéna tvaru — kolagen, ADP, trombin. Vystaveni glykoprotein(
lIb/llla.

Sekrece (degranulace):

stimulace agregace — ADP

stimulace adheze — vWF a fibronektin

vasokonstrikce — serotonin, tromboxan A,

mitogenni ucinky — rlstovy faktor (PDGF)

aktivace destic¢ek a fagocytl — PAF (cytokin, G-coupled receptor, fosfolipaza C,
DAG, zvySeni intracelularni koncentrace Ca?*, fosfolipaza A, — kys. arachidonova —
tromboxan A,)!!l Vyznam kyseliny acetylosalicylové!!!

Agregace.
Vasokonstrikce.
Svinuti vnitrni vrstvy cévni stény v misté poranéni.
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Figure 2 Primary hemostasis. (A) Platelets recruited from the circulation to the subendothelium of a damaged vessel wall adhere to
vWF and TSP via GPIb/V/IX under high shear conditions (h). Collagen serves as adhesive substrate for platelets (via GPla/lla and GPVI/
Fcy) under low shear conditions (1). Receptor clustering through multiple binding sites of matrix proteins induce activation of GPlIb/Illa
with subsequent binding of fibrinogen (FG) and platelet spreading. Activated platelets secrete several adhesive proteins, including TSP,
which binds back to the platelet surface. Secreted secondary agonists (ADP, TxA; and MMPs) amplify activation and attraction of
additional circulating platelets. (B) REM-preparation of human platelets adhered and spread on immobilized collagen. (C) Scanning
electron microscope preparation of a thrombin-stimulated human platelet with marked pseudopodia. vWF, von Willebrand factor; TSP,
thrombospondin, ADP, adenosine diphosphate; TxA,, thromboxane A,; MMPs, matrix metalloproteinases.

Jurk K, Kehrel BE:
Platelets: Physiology

and biochemistry.
Seminars in
Thrombosis and
Hemostasis 2005,

31(4):381-392.



ZASTAVA KRVACENI Il. — éerveny trombus

Protrombin (faktor X) — trombin
- sled enzymovych reakci
- anionické fosfolipidy (membrany trombocytu), vapenaté ionty

Fibrinogen — fibrin monomer — fibrin polymer (stabilizace, faktor Ill, Ca%*).

Vnitrni systém — vnejsi systém aktivace faktoru X.



thrombin
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T-cells and endothelial cells A

B S WL STV Y L n Sy y _
Figure 3 Aggregation and secondary hemostasis. (A) Fibrinogen or in high shear environments VWF bridges platelets through
activated GPIIb/llla, leading to formation of an unstable platelet plug. Leukocytes are recruited to aggregated platelets via CO40/CD40L
and PSGL1/CDG2P interactions. Increased amounts of thrombin are generated on the platelet plug, which converts bound fibrinogen to
fibrin, leading to plug stabilization and clot retraction. Microparticles as well as adhesion molecules (sCDB2P, sCD40L) are shed from the
platelet surface into the circulation as stimuli for leukocytes, T cells, and endothelial cells. (B} Scanning electron microscope preparation
of a nonretracted platelet plug, induced by collagen. (C) REM-preparation of a plateler-fibrin clot with recruited red celis). vWF, von
Willebrand factor: TSP, thrombospondin.

Jurk K, Kehrel BE:
Platelets: Physiology
and biochemistry.

Seminars in
Thrombosis and
Hemostasis 2005,
31(4):381-392.



Factors Involved in Coagulation

Chemical Factor

Collagen

von Willebrand
factor (VWF)

Kininogen
and kallikrein

Tissue factor (tissue
thromboplastin
or factor ll)

Prothrombin and
thrombin (factor II)

Fibrinogen and
fibrin (factor 1)

Fibrin-stabilizing
factor (XIII)

Ca?* (factor IV)

Vitamin K

Silverthorn, D. U.
2012.

Source

Subendothelial
extracellular matrix

Endothelium,
megakaryocytes

Liver and plasma

Most cells except
platelets

Liver and plasma

Liver and plasma

Liver, megakaryocytes

Plasma ions

Diet

Activated by
or Released in
Response to

Injury that exposes
collagen to plasma
clotting factors

Exposure to collagen

Cofactors normally
present in plasma
pathway

Damage to tissue

Platelet lipids, Ca**
and factorV
Thrombin
Platelets

N/A

N/A

Role in Coagulation

Starts intrinsic pathway

Regulates level
of factor VIl

Cofactors for contact
activation of intrinsic
pathway

Starts extrinsic pathway

Fibrin production
Form insoluble fibers that
stabilize platelet plug

Cross-links fibrin polymers
to make stable mesh

Required for several steps
of coagulation cascade

Needed for synthesis of
factors II, VII, 1X, X

Other Roles
and Comments

N/A

Deficiency or defect
causes prolonged
bleeding

Mediate inflammatory
response; enhance
fibrinolysis

N/A

N/A

N/A

N/A

Never a limiting factor

N/A

Human Physiology — an Integrated Approach. 6th. edition. Pearson Education, Inc.



Biologicky polocas (h)

Faktor Nazev faktoru
I fibrinogen 120-144
| protrombin 48
1] tromboplastin, trombokinaza velmi kratky
\Y ionty vapniku
Vv proakcelerin 12-15
VIl (AHF) prokonvertin, stabilni f. 2-5
VI antihemofilni faktor A, a. globulin 5-12
IX Christmas faktor, antihem. f. B 12-30
X Stuart-Prower faktor 32
XI antihemofilicky f. C, PTA méneé nez 12
XII Hageman faktor méneé nez 12
Xl f. stabilizujici fibrin 48-72
HMW-K Fitzgerald f. (vysokomolekularni kininogen)
Pre-K prekallikrein
Ka kallikrein
PL destickové fosfolipidy
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Figure 36-2 Schema for conversion of prothrombin to thrombin and polymerization of fibrinogen to form fibrin fibers.
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FIBRIN FORMATION AND DEGRADATION

. -0

# Thrombin Fibrin assembly

. —6—00——00—(6—0
—6—00—0—-00—C=0

Fibrin
# Factor Xllla cross-linking

Plasmin Clot lysis

'
'

FDPs, fibrin degradation products

Fibrinogen

Fibrin



Intrinsic pathway

Vessel damage

|

Exposed collagen

Contact
activation

Xl m—— X2

Xl l—-— Xla

Extrinsic pathway

Vessel damage ‘

{
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_:rif_"f'i*-l
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Vill =—=VIlla
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Activated
platelets
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Prothrombin

Activated
platelets

L

Thrombin

J

FIGURE 14-73

Two clotting pathways—called
intrinsic and extrinsic—merge and
can lead to the generation of
thrombin. Under most physiological
conditions, however, factor XIl and
the contact activation step that begin
the intrinsic pathway probably play
little, if any, roles in clotting. Rather,
clotting is initiated solely by the
extrinsic pathway, as described in the
text. You might think that factors IX
and X were accidentally transposed
in the intrinsic pathway, but such is
not the case; the order of activation
really is XI, IX, and X. For the sake of
clarity, the roles of calcium in clotting
are not shown.

Nazev

Faktor Alternativni nazev
I fibrinogen
I protrembin
tkarovy tromboplastin
W Viarovy faktor
v ca™
proakcelerin
v labilni faktor
akceleracni globulin
Wi Va
Wi prokonvertin
antihemefilicky faktor (AHF)
vl antihemefilicky fakter A antihemefilicky glebulin (AHG)
Christmasv faktor
X plazmaticka tromboplasticka kompenenta (PTC) antihemcfilicky faktor B
X Stuartiv-Prowerlv faktor
plazmaticky pfedchidee tromboplastinu
Xl plasma thromboplastin antecendent (PTA) antihemofilicky faktor C
Hagemandv faktor
X glass faktor
fibrin stabilizujici faktor
X Lakiho-Lorandiv faktor
vysokomolekuldmi kininegen
HMWK Fitzgeraldiv faktor
prekalikrein
PKK

Fletcheriv faktor

kalikrein

destitkové fosfolipidy




The three pathways that makeup the classical blood coagulation pathway

XIl —Hageman factor, a serine protease

Intrinsic | |
Xl —Plasma thromboplastin, antecedentserine protease|
surface contact IX — Christmas factor, serine protease
VII —Stable factor, serine protease
l Xl = Fibrin stabilising factor, a transglutaminase

PL — Platelet membrane phospholipid
Ca="—Calciumions

l TF — Tissue Factor ( , =active form)

X — s Xl .
Extrinsic

!

Xl —> XIl,

a€ tissue damage
X — s X, _/
(VIII, PL,lCa“} v
X > ¥ < ’ Common
(v, PL, | Ca™) All
prothrombin— —s thrombin _}l
(serine protease)

X1,
fibrinogen —— fibrin ——  stablefibrin
clot




Niazev

THE COAGULATION CASCADE Faktor Alternativai nazev
Inactive plasma proteins (white boxes) are converted into active enzymes in each step of the pathway. :I~ zbm”t’:;’i‘::n
tkarovy tromboplastin
1 -
INTRINSIC PATHWAY EXTRINSIC PATHWAY thériovy faktor
I\ Calt
Collagen or other Damage exposes pmékfe\eﬁn
~___ activators tissue factor (lll) v labilni faktor
“\ akceleraéni globulin
Vi Va

Active XlI VI prokenvertin
antihemcfilicky faktor (AHF)
(X1 VI | antihemofilicky faktor A antihemofilicky globulin (AHG)
Caz+

Christmasv fakter
G‘) Active Xl Tissue factor + X plazmaticka tromboplasticka komponenta (PTC) antihemofilicky faktor B

(Il and _ i
e X* Stuartiv-Prowerlv faktor
IX active VI e -
Caz+ . plazmaticky pfedchidce tromboplastinu
positive feedback Xl

plasma thromboplastin antecendent (PTA) antihemofilicky faktor C
Active IX
glass faktor

Vil
- fibrin stabilizujici faktor
+
Ca X Lakiho-Lorandiv fakior

ini vysokomolekulami kininogen
phospholipids (PL) k| "
itzgeraldiv faktor

prekalikrein
COMMON PATHWAY PKK | retcheniv faktor

Prothrombin kalikrein
Ca2+, destit kové fosfolipidy
positive feedback V, PL

Thrombin
-

Active Xlll — | Cag2+

Hagemantv faktor

xn

Silverthorn, D. U.
Human Physiology -
| Cross-linked fibrin | an Integrated
Approach. 6th. edition.
Pearson Education,
Inc. 2012.




AL <TUNEAST CONSULT

ELEEVIER

(1) Tissue trauma

Tissue factor

(2) VI =—— g

X 3 Activated X (Xa)

Ca N

-.-1—. ‘." ':-H”'
(3) Prothrombin
Activator
Flatelet
phuﬁphulipid;\ J
Prothrombin = Thrombin
Cat+*

Nazev
Eakioe Alternativni nazev
| fibrinogen
I protrombin
tkanowy tromboplastin
m tkaowy fakior
v ca
proakcelerin
V labilni faktor
akceleracni globulin
Vi Va
Wl prokenvertin
antihemncfilicky faktor (AHF)
VI | antihemafilicky faktor A antihemofilicky globulin (AHG)
Christmasv faktor
IX plazmaticka tromboplasticka kempenenta (FTC) antihemofilicky faktor B
X+ Stuartiv-Prowerdv faktor
plazmaticky pfedchidce tromboplastinu
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Figure 1 The actions of thromibin on blooed
celis and bilood vessels. Thromibin is a
multifunctional serine protease generated
at sites of vascular injury. It |s arguably the
mist effective agonist for plateet ) i
activation. Thrombin also licits a host of ; y Endothedium
responses in the vascular endathedium,
including shape and permeability changes,
mabilization of adhesive molecules to the
endothelial surface and stimulation of
autacold (small molecule mediators such as
prostaglandins and platelet-activating
factor) and cytokine production. Thromibin
ks chemotactic for monocytes and
mitogenic for lymphocytes and
mesenchymal cells.

Thromkbin

Meutrophill

Flatedet

Coughlin SR: Thrombin signalling and protease-
activated receptors. Nature 2000, 407(6801):258-
264.
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Figure4 Modelof receptor-mediated thrombin generation. (&) Small amounts of thrombin formed on the surface of a tissue factor (TF)
presenting cell (fibroblast or activated monocyte or activated endothelial cell, respectively). These amounts of thrombin are not able to
produce a stable fibrin clot, but are enough to activate platelets. (B) Activated platelets can then bind coagulation factors and cofactors
via Ca’* and by specific receptors. (C) Platelet-bound cofactors FV and FVIIl are protected against cleavage by activated protein C. (D)
On the surface of the platelet FXla binds to its receptor GPIb and activates FIX. In contrast to FXa that is readily inhibited by tissue factor
pathway inhibitor (TFPI) as soon as it enters the plasma, FIXa, built on TF/FVlla presenting cells can in addition diffuse to the activated
platelets. On the platelet surface the Xase-complex and the prothrombinase-complex have optimal conditions. (E) The concerted actions
of coagulation factors on the platelet surface lead to a burst of thrombin fermation, so that a stable fibrin clot can be formed. aPC,
activated protein C; R, receptor; EPR1, effector cell protease receptor 1, PAR, protease activated receptor.

Jurk K, Kehrel BE: Platelets:
Physiology and biochemistry.
Seminars in Thrombosis and
Hemostasis 2005, 31(4):381-
392.



Vascular Injury

Exposure of collagen and vWF Tissue factor exposure

Flatelet adhesion and release Activation of coagulation

Flatelet recruitment and activation I Thrombin generation I

| |

Platelet aggregation

Fibrin formation

| Platelet-fibrin thrombus |

Source: Fauc AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson JL, Loscalzo J:
Harrizon's Principlas of Intarnal Madicine, 17th Edition: hittpi/fwww accessmedicine, com

Copwright @ The MoGraw-Hill Companies, Inc All rights reserved.



HEMOSTASIS AND TISSUE REPAIR
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Silverthorn, D. U. Human
Physiology - an
Integrated Approach.
6th. edition. Pearson
Education, Inc. 2012.



PLATELET PLUG FORMATION S UMMARY

Platelets will not adhere to intact endothelium. Damage triggers platelet plug formation
where collagen has been exposed.

Exposed collagen binds
and activates platelets.

; :

Lumen of

blood vessel ¢ Release of platelet factors

Prevents
platelet

Factors attract more platelets.
adhesion

Intact endothelium

releases prostacyclin

S swine D 0. Platelets aggregate into

platelet plug.

Smooth Collagen Exposed collagen ECF
muscle cells  subendothelial in damaged blood
layer vessel wall

Silverthorn, D. U. Human Physiology — an Integrated Approach. 6th. edition. Pearson Education, Inc. 2012.



TABLE 14-16 Anticlotting Roles of Endothelial Cells

Action

Normally provide an intact barrier between the blood
and subendothelial connective tissue

Synthesize and release PGI; and nitric oxide

Secrete tissue factor pathway inhibitor

Bind thrombin (via thrombomodulin), which then activates
protein C

Display heparin molecules on the surfaces of their plasma
membranes

Secrete tissue plasminogen activator

Result

Platelet aggregation and the formation of tissue factor—
factor Vlla complexes are not triggered

These inhibit platelet activation and aggregation

Inhibits the ability of tissue factor—factor Vlla complexes to
generate factor Xa

Active protein C inactivates clotting factors Villa and Va

Heparin binds antithrombin Ill, and this molecule then
inactivates thrombin and several other clotting factors

Tissue plasminogen activator catalyzes the formation of
plasmin, which dissolves clots




INTRAVASKULARNI KOAGULACE

Poskozeni endotelu zpusobené:

1) Aterosklerosou (infarkt myokardu, cévni
mozkova prihoda)

2) Zaneét (zilni trombosa, plicni embolie)
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Plaque Disruption

N

Collagen VWF

| l

Flatelet adhesion and secretion

Aspirin =X COX-1
TXA, ADP
Ticlopidine
Clopidogrel
Platelet recruitment and activation
GPIlIb/lla activation
Abciximab
** Eptifibatide
Tirofiban

Platelet aggregation

Source: Fauci AS, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Loscalzo J:
Harrizan's Principlas of Intarnal Madicine, 17th Edition: http:/fwww, accessmedicine.com

Copyright @ The McGraw-Hill Companies, Inc All rights reserved,



RiZENI HEMOKOAGULACE

Hemokoagulace vyvazovana protisrazlivymi mechanismy:

7 v

Nehumoralni rizeni:

Souvisly neporuseny endotel.

Proud krve: omezeni zvetsovani koagula, zredeéni a
odplaveni faktoru srazeni krve.

Vzajemné negativni pusobeni tromboxanu A, a

prostacyklinu.



y vs

Humoralni rizeni:

Fibrin: silné vaze trombin — ,, antitrombin®
Antitrombin lll: cirkulujici inhibitor proteaz (aktivnich
forem faktoru IX, X, Xl, Xll), vazba na protedazy
koagulacniho systému usnadnéna heparinem
pochazejicim ze zZirnych bunék (kofaktor heparinu)
Trombmodulin: trombin vazici protein, produkovan
endotelialnimi bunkami

Trombin + Trombmodulin = aktivator proteinu C



Protein C: inaktivace faktoru V a VI
inhibice inhibitoru aktivatoru tkanového plasminogenu

(=vice plasminu — rozklad fibrinu)

Plasmin (fibrinolysin): aktivni slozka fibrinolytického
systému. Prekurzor: plasminogen, katalyza trombinem a
tkanovym aktivatorem plasminu (TPA) — vyuziti v terapii

infarktu myokardu!!! Streptokinaza.



Anticlotting

mechanisms

Anticoagulant Non-specific Fibrinolytic
system mechanisms system
Antithrombin Protein £ Protein C Tissue factor
glveosaminoglycan dependent pathway pathway
pathways inhihitor inhihitor

X
tra 1|11a TF-Vlla
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’
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| Thrombin I
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Fig 2 The anticoagulant system. AT, antithrombin; HCII, heparin cofactor
Il; TFPI, tissue factor pathway inhibitor; ZPI, protein Z-dependent protease
inhibitor; PZ, protein Z; PC, protein C; APC, activated protein C; PS,
protein 5; EPCR, endothelial protein C receptor; TM, thrombomodulin.
Solid arrows indicate activation and dashed arrows indicate inhibition.

Ezihe-Ejiofor JA, Hutchinson N: Anticlotting mechanisms 1: physiology
and pathology. Continuing Education in Anaesthesia, Critical Care & Pain Advance Access 2013



Prothrombotic Anti-thrombotic

’:ﬂ:ﬂ:—* TXA,/TP A PGI, /1Pe—
EP3 < PGE, >EP4
'y

Platelets

\_ Monocytes

Endothelial cells

Smooth muscle cells

Fig. 4 The balance between thrombotic and antithrombotic effects of prostanoids. In response to
vascular injury, PGIL, produced by endothelial cells opposes the enhanced prothrombotic effect of
TXA; produced by platelets. Smooth muscle cells, monocytes, and macrophages (accumulate in
atherosclerotic plaques) release prostanoids such as PGE, during inflammation. PGE, shows a
biphasic, dose-dependent effect on platelet aggregation

Kauskot A, Hoylaerts
MF: Platelet receptors.
Handbook of
experimental
pharmacology
2012(210):23-57.



FAVOR THROMBOSIS INHIBIT THROMBOSIS

Inactivates thrombin and factors Xa and Xa

Extrinsic coagulation A
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PROTIZRAZECi MECHANIZMY

|
TF “ }
Vil —= Vlila ¥lla
™ IX —
| I |
VIATF — | — X
TFPI [ 1 \ 28—
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! }v‘.‘a: ‘I AT
PT— | Th

Fibrinogen —— Fibrin — FDP

!

Flasma

l -— PA
Flasminogen

PC, PS - protein C, S; AT — antithrombin;
PA - plasminogen activator



FIBRINOLYZA

Neucinny plazminogen
U¢inny plazmin (fibrinolyzin)
Aktivatory plazminogenu

Inhibitory plazminogenu



Flasminogen activators

~+— PAIl-1

Plasminogen - Plasmin

c-antiplasmin

Fibrin __‘ Fibrin degradation \
products

Source: Fauci AS, Kazper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Lozcalzo J:
Harrizon's Principles of Internal Madicine, 17th Edition: http:/fwww, accezzmedicine. com

Copuright @ The McSraw-Hill Cammpanies, Inc All rights rezerved,



TROMBOLYZA

Plasminogen

Flasmin

aPl-Plasmin
4
® FDPs

Tissue plasminogen
activator (tPA)

T N_‘ASMINDGEN
Fiasminogan activator Factor Xla, Alla

¢ Kallikrein

inbibitar 1 & Z/
PLASMIN
Urokmase s diz-antiplasmin

ciz-macroglobulin

v
FIBRIN &< FIBRIN DEGRADATION
T PRODUCTS

THROMBN —» Thrambin-activatabla
fibrinolysis inhibitor

Source: Fauc A5, Kasper DL, Braunwald E, Hauser 5L, Longo DL, Jameson JL, Lascalza 1:
Harrizan's Principlas of Internal Madicine, 17th Edition: http:/fwww. accessmedicine. com

Copyright @ The McGraw-Hill Companies, Inc All rights rezerved,

UPA, urokinase plasmin activator tPA, tissue plasmin activator

, plasmin acivator inhibitor alpha2PI-Plasmin, complex



ANTIKOAGULACE

Defibrinace: odstranéni fibrinu (preparaty z hadich jedu) —
In vitro

Dekalcifikace: vyvazani nebo odstranéni vapenatych iontu
(citrat sodny, stavelan draselny nebo amonny) — in vitro
Heparin: prirozené antikoagulans, zirné bunky, ucinné
pouze za pritomnosti antitrombinu Ill, také in vivo
Kumarinové derivaty (dikumarol, warfarin): inhibice
ucinkd vitaminu K v jatrech — poruchy faktoru Il, VII, 1X, X,
proteinu C, proteinu S (usnadnuje aktivaci Va a Vllla
pomoci proteinu C)

Hirudin: obsolentni, slinné zlazy pijavek (Hirudo
medicinalis)



Antikoagulancia

Aktivace —

Inhibice —

y

In vivo: Heparin > antithrombin 1l
test: aPTT,
antifactor Xa level

Kumarin (warfarin)

Vitamin K l—» - — prothrombin

Liver test: PT
IN R=PTpatient/PTnorm

In vitro: Heparin — antithrombin I warfarin —> INR 2-3

Sodium citrate —> Ca**

aPTT: activated partial thromboplastin time PT: prothrombin time



Antithrombotic Drugs

Y
Antiplatelet drugs Anticoagulants Fibrinolytic agents

Source: Fauc AS, Kasper DL, Braunwald E, Hauser SL, Longo DL, Jameson L, Loscalzo J:
Harrizon's Principlas of Intarnal Medicina, 17th Edition: http:ffwww, accessmedicine. com

Copyright @ The McGraw-Hill Companies, Inc all rights reserved,



Protidestickova léciva — kratky uvod

Farmakologicky ovliviiujeme funkci, ne pocet
Primarni a sekundarni prevence
aterotrombodzy

—  Akutni korondrni syndromy

— Ischematické cévni mozkové prihody

— Sympromatické uzavéry periferniho

arterialniho recisté

Antiagregancia?
Inhibitory cyklooxygenazy/blokatory syntézy
tromboxanu A, nebo antagonisté jeho
receptor(
Inhibitory ADP receptoru (P2Y,,)
Antagonisté  destickovych  trombinovych
receptor( (PAR-1)
Antagonisté  povrchovych
glykoproteina (GP llb/Ila)
Blokada serotoninové cesty
Dalsi mechanismy

destickovych

Hlavni nevyhody soucasné terapie
— nedostatec¢na ucinnost a s rizikem recidivy
— riziko krvacivych komplikaci
— moZna rezistence na lécbu
— absence vhodného antidota

Abciximab,
eptifibatide,
tirofiban

lib/llla rec.

Ticlopidin, klopidogrel,
prasugrel, elinogrel,
cangrelor, ticagrelor

dipyridamol

Inhibitory fosfodiesterazy:
dipyridamol, triflusal, cilostazol

ADP rec.

naftidrofuryl

Serotonin.
receptory

aktivace

&~
<+—— | PAR-1

Tromboxanové
receptory

ASA, triflusal,
pikotamid

Terutroban,
picotamidee

Vorapaxar,
atopaxar

Prevzato. Poul, H. Protidestickova terapie. Klinicka farmakologie a farmacie, 26(2),

2012.



INHIBICE KASKADY KYSELINY ARACHIDONOVE
* Inhibice COX1 - méné specificka:

» kyselina acetylsalicylova (ASA) — ireverzibilni acetylace
COX1 - neschopnost trombocytl syntetizovat COX1 de
novo

* sulfinpyrazon - reverzibilni

» Selektivni inhibice TXA2-syntazy:
* indobufen
* pilmagrel, ridogrel, nidrogrel

* Antagonisté TXA2 receptorli na membrané trombocytu:
* sulotroban, ditazol

OVLIVNENI HLADINY cAMP
* Zvyseni tvorby cAMP
* epoprostenol (prostacyklin) — silné inhibuje desti¢kovou
fosfolipazu A,
* Syntetickd analoga eloprost, ciprosten
* Inhibice fosfodiesterazy
» dipyridamol — silny vazodilata¢ni efekt

VAZODILATANCIA OVLIVNUIJICI (INHIBUJICi) FUNKCI
TROMBOCYTU

* pentoxifylin,

* naftidrofuryl, ketanserin (antagonisté 5HT receptort),
* nitraty, molsidomin aj.

ANTAGONISTE GP lIb/llla RECEPTORU
* brani vazbé bivalentnich proteind — fibrinogen, vWf k
membranovym integrinovym receptoriim tim, Ze tyto
receptory obsazuiji.
* Chemicky velmi heterogenni skupina
* Fragmenty monoklonalnich protilatek: abciximab
* Syntetické inhibitory (linedrni a cyklické peptidy —
eptifibatid s velmi kratkym ucinkem)
* Nepeptidovi antagonisté — injekcéni a ordlni
inhibitory GPIIb/Illa — , fibany“
* Fibany pro perordlni aplikaci (nékteré jsou
"prodrugs") - xemilofiban, sibrafiban, roxifiban
* vysoky vyskyt krvacivych komplikaci (popsdn i
vzestup mortality)

DALSI LATKY (BLOKUJiCi ADHEZI TROMBOCYTU)

* blokada receptoru GP Ib - kyselina trikarboxylaurinova
(ATA)

* blokada von Willebrandova faktoru



Clopidogrel |
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Figure 1. Purinergic receptors and mechanism of action of clopidogrel. Clopidogrel is a pro-drug of which approximately 85% is hydrolyzed by esterases
in the blood to inactive metabolites and only 15% is metabolized by the cytochrome P450 (CYP) system in the liver into an active metabolite. The active
metabolite irreversibly inhibits the adenosine diphosphate (ADP) P2Y,, receptor. The P2X, receptor, which uses adenosine triphosphate (ATP) as an agonist,
is involved in platelet shape change through extracellular calcium influx and helps to amplify platelet responses mediated by other agonists. Activation of
the P2Y, receptor leads to alteration in shape and initiates a weak and transient phase of platelet aggregation. The binding of ADP to the G -coupled P2Y,
receptor activates phospholipase C (PLC), which generates diacylglycerol (DAG) and inositol triphosphate (IP3) from phosphatidylinositol biphosphate (PIP2).
Diacylglycerol activates protein kinase C (PKC) leading to phosphorylation of myosin light chain kinase (MLCK-P) and IP3 leads to mobilization of intracellular
calcium. The P2Y, receptor is coupled to another G-protein, G;,, which activates the “Rho” protein and leads to the change in platelet shape. The binding of
ADP to the G-coupledP2Y, receptor liberates the G; protein subunits a,and p,, resulting in stabilization of platelet aggregation. The «; subunit inhibits adenylyl
cyclase (AC) and, thus, reduces cyclic adenosine monophosphate (cAMP) levels, which diminishes cAMP-mediated phosphorylation of vasodilator-stimulated
phosphoprotein (VASP-P). The status of VASP-P modulates glycoprotein (GP) lib/lila receptor activation. The subunit B, activates the phosphatidylinositol
3-kinase (PI3K), which leads to GP lib/llla receptor activation through activation of a serine-threonine protein kinase B (PKB/Akt) and of Rap1b GTP binding
proteins. Prostaglandin E, (PGE,) activates AC, which increases cAMP levels and status of VASP-P. Solid arrows indicate activation; dotted arrows indicate
inhibition. With permission from Angiolillo DJ et al.®

Angiolillo DJ, Ferreiro JL:

Platelet Adenosine
Diphosphate P2Y(12)
Receptor Antagonism:
Benefits and Limitations
of Current Treatment
Strategies and Future
Directions. Revista

Espanola De Cardiologia
2010, 63(1):60-76.



Pozn. Vitamin K a jeho antagonisté

e Vitamin K

Podporuje v jatrech karboxylaci
glutamatovych zbytkd Y
prekurzorech nékterych faktord (Il,
VI, IX a X) a nékterych
antikoagulacnich faktorl za vzniku
gama-karboxyglutamatu

Karboxylové skupiny nutné pro
vazbu na povrch fosfolipidu, kterd je
zprostredkovana vapenatymi ionty

e Strukturalni analoga vitaminu K = 4-
hydroxykumariny = ,faleSny vitamin

Kll

Fenoprokumon, warfarin

Nutné hledani optimalni davky pro
kazdého pacienta zvlast

Kontroly, hodnoty INR
Vyhoda = je antidotum (= vitamin K)
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N L '
/ RS CH;
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SH RS-SR

/ o}
HAay
o N~
H
CO,H

2-RSH KS SR

:amm!\ 3-epoxide
Fig. (15). The role of vitamin K in coagulation

Pfevzato. Babula, P. et al. Noteworthy Secondary Metabolites
Naphthoquinones - their Occurrence, Pharmacological Properties and
Analysis. Current Pharmaceutical Analysis, 5(1), 2009.



Pozn. Heparin a hirudin a jejich
derivaty

* Heparin
— Zdrojem je strevni sliznice vepru
— Antikoagulacni schopnost zavisi na

délce retézcl

* Nefrakcionovany standardni heparin
(4000 — 40000 Da)

* Nizkomolekularni frakcionovany heparin
(cca 5000 Da, certoparin, dalteparin,
enoxaparin)

* Syntetické derivaty (fondaparinux)

e Aktivace antitrombinu Il

— Reverzibilni inaktivace trombinu a dalsSich
koagulacnich faktor(

* Hirudin a jeho derivaty
— Zdrojem jsou sliny pijavice Hirudo
medicinalis
— Blokuiji aktivni centrum trombinu

— Lepirudin, desirudin




Antikoagulancia - Nepfimé inhibitory trombinu / faktoru Xa
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VYSETRENI KREVNIi SRAZLIVOSTI

Dekalcifikovana
plasma
kaolin-kefalinovy
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vapenatych iont(
Kefalin nutny pro
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Quick — rychlost premény protrombinu na trombin 12 — 15 s; International Normalized
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Pozn. FDP (fibrinové degradacni produkty) a D-dimery = markery koagulace s naslednou

fibrinolyzou



STREPTOKINAZA

Plasmin
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Source: Fauci AS, Kasper DL, Braunwald E, Hauser 5L, Longe DL, Jarmeson JL, Loscalzo 1;
Harrison's Principlas of Internal Medicine, 17th Edition: hittp:/fwww, accessrmeadicine. corn
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- Beta-hemolyticky streptokok
- Konverze plasminogenu na aktivni plasmin;
- Terapie tromboembolickych stavl



