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Blood Functions

transport function | <

- blood gases

- nutrients, metabolites,
vitamins

- hormones

- heat, etc.

humoral regulation

homeostatic function

- thermoregulation
- buffering

immune defence

https://www.rd.com/health/healthcare/why-is-
blood-red/

blood clotting



Blood Composition

total blood volume: - adult man ~80 ml/kg body weight
(6-8% of total body mass) - gdult woman ~70 ml/kg body weight

suspension of formed elements in plasma

complex fluid consisting of plasma S— >
(extracellular fluid rich in proteins) —
and of formed elements (RBCs,

WBCs, platelets) Plasma

hematocrit - fraction of the White Blood Cells
total column occupied by RBCs;
measure of concentration! Red Blood Cells

- adult man ~45%
- adult woman ~40%

- newborn ~55%, infant ~32%

[] 54.3%
0.70%
MW 45.0%

https://www.123rf.com/photo 39782091 _blood-
composition.html



Blood Composition - Plasma

watery solution composed s IIEEEE— ==

of:

- water (90-92%)

- electrolytes (< 1%)

- plasma proteins (7-8%)
- nutrients

(carbohydrates, lipids,
aminoacids)

- gases (0,, C0O,)
- waste products
(urea, uric acid, etc.)

- others
(hormones, vitamins, etc.)

serum — residual fluid after
blood clotting

Red Blood Cells Transport O; and help
tCO,
’.\ 7-8 um in diameter;
bright-red to dark-purple
4 million—6 million biconcave disks without
per mm? blood nuclei
‘White Blood Cells Fight infection
(leukocytes)
5,000-11,000
per mm® blood
Granular leukocyltes
= Neutrophils Phagocytize pathogens.
10-14 pm in diameter;
spherical cells with
multilobed nuclei; fine, lilac
&2 granules in cytoplasm if
208 Wright stained.
* Eosinophils Phagocytize antigen-antibody
5 complexes and allergens.
10-14 pm in diameter;
spherical cells with bilobed
1—a% nuclei; coarse, deep-red,
uniformly sized granules in
cytoplasm if Wrigm stained.
* Basophils Release histamine and
heparin, which promote
blood flow to injured tissuas.
10-12 pm in diameter;
spherical cells with lobed
0-1% nuclei; large, irregularty
shaped, deep-blue granules
in cytoplasm if Wright stained.
Agranular leukocytes
* Lymphocy Resp for spacific
immunity.
Q 5-17 pm in diameter
(average 9—10 pm);
20—-45% spherical cells with large,
round nuclei.
« Monocyt B that
phagocytize pathogens and
Gy collular debris.
- 10-24 pm in diameter;
3 large, spherical cells with
4-8% kidney-shaped, round, or
lobed nuclei.
latelets Aid hemostasis.
(thrombocytes)
2—4 pm in diameter;
B g & disk-shaped cell fragments
150,000-300,000 with no nuclei; purple
per mm? blood granules in cytoplasm.

Red bone
marrow

Red bone

55%

Red bone

Water M. blood - from
(90-92% of plasma) transports molecules intestine
Plasma p i i blood Liver
(7-8% of plasma) pressure and pH
Albumins Maintain blood volume
and pressure
Globulins Transport; fight
infection
Fibrinog (¢
Salts Maintain blood osmotic  Absorbed from
(less than 1% of pressure and pH; aid intestine
plasma) metabolism
Gases
Oxygen Cellular respiration Lungs
Carbon dioxide End product of Tissues
metabolism
Nutrients Food for cells Absorbed from
intestine
Lipids
Glucose
Amino acids
Nitrogenous Excretion by kidneys Liver
wastes
Uric acid
Urea
Other
Hormones, Aid metabolism Varied
vitamins, etc.

http://encyclopedia.lubopit
ko-
bg.com/Composition_and_
Functions_of Blood.html




Blood Composition - Plasma

Cations Anions
150 .
- ©
1001 i %
i g Plasma (mOsm/L H,0) Interstitial (mOsm/L H,0)
. ] e Na 142 139
: ‘o Ll -
3 o o 8 Ca 3 2
w K+ |M : el a . .
b R E T (8L M 08 0.7
i i L = g cr 108 108
I 2 3| HCO; 24 283
! B S| HPO4, HyPOy 2 :,
100+ i - el SOy 0.5 0.5
i & =|  Phosphocreatine
_— - Carnosine
Amino acids 2 ¢
Creatine 0.2 0.2
Lactate 12 1.2
Adenosine triphosphate
Hexose monophosphate
Glucose 5.6 5.6
Protein 1.2 0.2
Urea 4 4
Others 48 3.9

Guyton & Hall. Textbook of Medical Physiology



Blood Composition — Formed Elements
I T

LEUKOCYTES (wBCs) 3600 - 3600

GRANULOCYTES GRANULOCYTES

neutrophiles 3000 - 6000 neutrophiles 50-70
eozinophiles 150 - 300 eozinophiles 1-4
basophils 0-100 basophils <1
AGRANULOCYTES AGRANULOCYTES

lymphocytes 1200 - 3400 lymphocytes 20-40
monocytes 110 - 590 monocytes 2—8
ERYTHROCYTES (RBCs)

man 4.5-6.3.10°

woman 4.2—-5.4.10°

THROMBOCYTES (platelets) 140000 —440000



Blood Composition — Formed Elements

= Hematopoesis

Bone Anatomy

Spongy bone Blood vessels in

medullar

‘."\\ g (contains red . bone marrow
adult — bone marrow i | e
extramedullar ' @
children — liver, spleen —
\ White blood cells

Yellow marrow——
\‘ \

%

Platelets

o P
“wrte
-

LR
-

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/bone-marrow



Blood Composition — Formed Elements

@

Multipotent hematopoietic
stem cell (hemocytoblast)

/ \ The remaining cell goes down one of two paths

\ \\J depending on the chemical signals received.
I

Myeloid stem cell Lymphoid stem cell

e ¢ ]
e e @ Y °

Megakaryoblast  Proerythroblast Myeloblast Monoblast Lymphoblast
l |

&y L
» /? Reticulocyte ( “-':f‘ \
2 ’
: .; ‘ ‘ ‘ & ' Natural killer cell Small lymphocyte

A (Large granular

( i ’ lymphocyte) / \

Megakaryocyte Erythrocyt: asophil Neutrophil Eosinophil} | Monocyte

]
Y \‘ lemphocyte Blymphocyty
) Y

y &

Plasma cell

" Hematopoesis s,

Platelets

Macrophage

https.//commons.wikimedia.org/wiki/File:2204_The _Hematopoietic_System of the Bone_Marrow_new.jpg



Blood Composition — Formed Elements
I T

LEUKOCYTES (wBCs) 3600 - 3600

GRANULOCYTES GRANULOCYTES

neutrophiles 3000 - 6000 neutrophiles 50-70
eozinophiles 150 - 300 eozinophiles 1-4
basophils 0-100 basophils <1
AGRANULOCYTES AGRANULOCYTES

lymphocytes 1200 - 3400 lymphocytes 20-40
monocytes 110 - 590 monocytes 2—8
ERYTHROCYTES (RBCs)

man 4.5-6.3.10°

woman 4.2—-5.4.10°

THROMBOCYTES (platelets) 140000 —440000



Red Blood Cells (Erythrocytes)

= |ack of organelles
= diameter ~7.5 um, thickness ~2 um; volume ~90 fl (normocytes)
microcytes (-osis) < 6 um, < 80 fl; macrocytes (-osis) > 8.2 um, > 95 fl
anizocytosis (physiological vs. pathological) '

V.

Price-Jones curve

—normal
mikrocytes

number

— makrocvtes

https://www.rd.com/health/health
care/why-is-blood-red/

3 5 7 0 11 I3 um



Red Blood Cells (Erythrocytes)

= |ack of organelles

= diameter ~7.5 um, thickness ~2 um; volume ~90 fl (normocytes)
microcytes (-osis) < 6 um, < 80 fl; macrocytes (-osis) > 8.2 um, > 95 fl
anizocytosis (physiological vs. pathological)

= biconcave discs
OPTIMAL SURFACE TO VOLUME RATIO

DEFORMATION IN CAPILLARIES
(Fahraeus-Lindqvist effect)

https.//www.rd.com/health/health

N\ ga = o\

[ Jamael | N e . care/why-is-blood-red/

l'.l‘. /) _A_/,/ Yy ||

U/ —— Y Fs . 20° O

oo o * g
B joere: Cos g
poikilocytosis — abnormal shape of erythrocytes @& 0. ¢ ]
spherocytes — spheric erythrocytes 'a‘.., g 0 : 3 oaq
eliptocytes — eliptic erythrocytes Déoé. e ¢ ). 0%
schizocytes — fragmented erythrocytes i e@“ﬁs : ® Q, g
etc. 004" 0 anc’a '.:02;:



= Hemoglobin

Part in the total
synthesis of globin, %

Red Blood Cells (Erythrocytes)

red pigment transporting oxygen
4 protein subunits (globin)

hem — derivative of porphyrine
containing iron, conjugated with
globin

Yok Liver Spleen Bone marrow
o
B
= HbA (adult; a2[32)
= HbF (fetal; B2y2)
; v weaker binding of 2,3-DPG, thus,
T % 1 21 b %A 8 L 13 21 %0 % & higher affinity to oxygen
Prenatal age (weeks) Birth Postnatal age (weeks)

a-similar globin chains
l}-similar globin chains

http://cubocube.com/dashboard.php?a=1190&b=1304&c=103



Red Blood Cells (Erythrocytes)

Hemoglobin derivatives

- oxyhemoglobin (O,)
carbaminohemoglobin (CO,)

- carboxyhemoglobin (CO)

- methemoglobin (Fe3* in hem)

- glycosylated hemoglobin (HbA,) — physiologically < 5%

HbA, level proportional to glucose plasma concentrations in previous
weeks - monitoring of diabetes in clinical practise



Red Blood Cells (Erythrocytes)
parameter | | man___ | woman _

hematocrit (Hct; %) 42 - 52 37 -47

erythrocytes (RBC; 10%/ul) 45-6.3 42-54

hemoglobin (Hb; g/l) 140 - 180 120 - 160
arameter || man | woman _

mean corpuscular volume = HCT / RBC 80-95 80 -95

(MCV; fl)

mean content of hemoglobin = Hb / RBC 27 - 32 27 - 32

(MCH; pg)

mean corpuscular hemoglobin = Hb / Hct 310- 360 310- 360

concentration (MCHC; g/1 ml)

erythrocytopenia (oligocytopenia) - normocytemia — polyglobulia (polycytemia)

anemia
hypochromia — euchromia - hyperchromia



Red Blood Cells (Erythrocytes)

= Anemia

- disease characterized by a decreased amount of hemoglobin
- Hct and RBC are usually lower as well but not in all cases!

Morphological classification

A) RBCsize: 1. Normocyte a. B) RBC Hb content: 1. Normochromic a.
2. Microcyte a. 2. Hypochromic a.
3. Macrocyte a. 3. Hyperchromic a.

Pathophysiological classification

A) anemia caused by inefficient hemopoesis:

1. sideropenic a. (lack of iron)

megaloblastic a. (lack of vitamin B12 or folic acid)
a. due to suppresion of hemopoesis
symptomatic a. (secondary to a primary disease)
thalasemia

e W



Red Blood Cells (Erythrocytes)

= Anemia

- disease characterized by a decreased amount of hemoglobin
- Hct and RBC are usually lower as well but not in all cases!

Morphological classification

A) RBCsize: 1. Normocyte a. B) RBC Hb content: 1. Normochromic a.
2. Microcyte a. 2. Hypochromic a.
3. Macrocyte a. 3. Hyperchromic a.

Pathophysiological classification
A) anemia caused by inefficient hemopoesis:

B) anemia caused by an increased loss

1. acute and chronic posthemorhagic a.
2. hemolytic a.



Red Blood Cells (Erythrocytes)

= Hemoglobin

Iron (Fe)
in diet

Intestine Plasma

A

‘ Liver o

Ferritin

0 “Bile Blllrub.m
r ' metabolism

l a

Bilirubin
metabolites
in feces

- Bone Marrow e
Fe —9—»Fe-transferrin—‘-> Fe —» Heme—>» Hb—>»

erythrocyte life span: 120 days

¢ Iron comes from the diet.

| Fe absorbed by active
RBC transport.

synthesis

Transferrin protein
transports Fe in plasma.

RBCA &
 Hb
Spleen ' e Liver stores excess Fe as
ferritin.
OIdRBCs
destroyed
v Bone marrow uses Fe to
Ho @ make hemoglobin (Hb).
v
Bilirubin

Spleen converts Hb to
bilirubin.

Kidney
= Liver metabolizes bilirubin
and excretes itin bile.

Hirakin &
Bilirubin 0

Bilirubin metabolites are

metabolites
l excreted in urine and feces.

0 —O® —0O —0O —©O —O

Bilirubin
metabolites
in urine



Red Blood Cells (Erythrocytes)

= Hemolysis

- destruction of membrane of erythrocyte

- physical

- chemical

- osmotic

- toxic (biological)
- immunological



Red Blood Cells (Erythrocytes)

= Erythrocyte sedimentation rate

Plasma ——

White Blood Cells o

[ 54.3%
[10.70%
W 45.0%

Red Blood Cells

https://www.syl.ru/article/170503/new_skorost-
osedaniya-eritrotsitov-norma-chto-oznachaet-skorost- .
osedaniya-eritrotsitov

https.//www.123rf.com/photo_39782091_blood-
composition.html



Red Blood Cells (Erythrocytes)

= Erythrocyte sedimentation rate

- indirectly proportional to the suspension stability of
erythrocytes (Helmholtz bilayer, zeta potential)

++ , * +
T -
NegativeNet . — * , 4 + +
Erythrocyte membrane — R +
+
-+ + _
~ T+ + "
—++ 4+
N R
+ +
-+ y+ 7
+++ + +
- — s _: -
Compact Layer | + '+ | +
Shear Plane | =& 2 e = *
Zeta Potential -+ 4
Diffuse Layer + +

https://www.labce.com/spg8
https://openi.nlm.nih.gov/detailedresult.php ?img=P 13211 zeta_potential_and_v
MC3415751 _rbhh-33-297-g05&req=4 an_der_waals_forces.aspx



Red Blood Cells (Erythrocytes)

= Erythrocyte sedimentation rate

- indirectly proportional to the suspension stability of
erythrocytes (Helmholtz bilayer, zeta potential)

https://www.sysmex.cz/media-
center/rouleaux-formation-5493.html/ https://en.wikipedia.org/wiki/F
ile:Gray453-ab.png



Red Blood Cells (Erythrocytes)

= Erythrocyte sedimentation rate

— g = =

Fahraeus-Westergren
method (FW)

man ~2-8 mm/hour
woman ~ 7-12 mm/hour

physiological vs. pathological
increase

main factors affecting ESR:

- size and number of RBCs
https://www.syl.ru/article/170503/new_skorost- _ e
osedaniya-eritrotsitov-norma-chto-oznachaet-skorost- fibrin ogen .
osedaniya-eritrotsitov - iImmunog lobulins




Blood Composition — Formed Elements

‘I\A ‘ ‘
‘-i_/}

Multipotent hematopoietic
stem cell (hemocytoblast)

N\

= Hematopoesis Aty

" Erythropoesis

The remaining cell goes down one of two paths

\Q \_J depending on the chemical signals received.
- stimulated by ; | ;
erythropoetin > ®
Myeloid stem cell Lymphoid stem cell

| 3 ¢ |
@ @ @ @ °

Megakaryoblast  Proerythroblast Myeloblast Monoblast Lymphoblast

] 4 3

&

, Ty Reticulocyte | \’
S &

Natural killer cell Small lymphocyte
(Large granular

v lymphocyte) i / \
@

Megakaryocyte B i i i il Monocyte

T lymphocyte B lymphocyte

Platelets & Q//:
Plasma cell
Macrophage

https.//commons.wikimedia.org/wiki/File:2204_The _Hematopoietic_System of the Bone_Marrow_new.jpg



Erythropoesis

Erythropoetin

glycoprotein, a2-globulin

85-90% originates in the kidney (endothelial cells of
peritubular capillaries in the kindey medulla)

10-15 % originates in the liver

synthesis and release stimulated by tissue hypoxia of any
origin (adaptation to high altitude), alkalosis, androgens,
catecholamines ([3-rec.), etc.

many other functions, such as regulation of bone formation and repair,
muscle regeneration and hypertrophy, angiogenesis, neuroprotection
(neurotrophic factor), etc.



Erythropoesis

= Vitamin B12 (cyancobalamin)

produced by bacteria in GIT
ingested - sources: liver, kidneys, meet, milk products, etc.

the intrinsic factor (secreted by parietal cells of the stomach) is
necessary for its resorption in the ileum
transport in blood — bound to transcobalamin

necessary for normal division and maturation of red blood cell
line elements

symptoms after long-term —- - -
deficiency — pernicious anemia )



Blood Composition — Formed Elements

| clements/ul

LEUKOCYTES (wBCs)
GRANULOCYTES
neutrophiles

eozinophiles

basophils
AGRANULOCYTES
lymphocytes

monocytes

ERYTHROCYTES (RBCs)

man

woman

3600 - 9600

3000 - 6000
150 - 300
0-100

1200 - 3400
110 - 590

4.5-6.3.10°
4.2-5.4.10°

THROMBOCYTES (platelets)

140000 — 440000

GRANULOCYTES
neutrophiles
eozinophiles
basophils
AGRANULOCYTES
lymphocytes

monocytes

50 - 70
1-4

<1

20-40
2-8



Thrombocytes (Platelets)

;‘ "1 R L " -
the smallest formed elements =6 Vo s e '
' e @ ~
(diameter 2-4 um, thickness 0.5-1 um, 4-8 fl) .’{; . 3
# monocyte * * . o ¥
. ¢ e ¢ . LY
smooth, round discs K ° &
' & L ¥
nucleus-less, colorless, granulated e WS4 y
- ° ”
fragments of megakaryocytes 5 o @ N

.thrombocytes e 8
- ¢ - = 1

1/3 in the Spleen, 2/3 in the peripheral https://www.researchgate.net/publica

blood (thrombocytosis after splenectomy) tion/283465115_Effects_of Methadon
e _Exposure_during_Development on _

Avian_Brain_and_Blood_Cells/figures?
life span: 9- 12 days, biological halftime "~
~4 days



Thrombocytes (Platelets)

membrane contains glycoprotein

receptors for adhesion to surfaces
(collagen, fibrinogen, von Willebrand factor)

cytoplasm contains actin, myosin,
glycogen, lysozomes and granules

1) dense granules (0-granules) https://oncohemakey.com/platelet-structure-
( non-p rotein substances — calcium and-function-in-hemostasis-and-thrombosis/

serotonin, ADP, ...)

2) a-granules
(protein substances — clotting factors
such as vVWF, factor V and Xlll, PDGF, ...)

glycocalyx — 10 — 50 nm, mixture of

proteins and mucopolysaccharides
(clotting factors, ions, histamin, ...)

http://www.bloodjournal.org/content/108/8/25
87



Thrombocytes (Platelets)

" Functions

- key players ir{hemostasis

- keeping integrity of the vessel wall and
healing of a ruptured vessel wall (PDGF)

- inflammatory reaction, changes in
permeability of capillary wall, graft
rejection, ...

- carriers of many substances absorbed to
their surface

https.//oncohemakey.com/platelet-structure-
and-function-in-hemostasis-and-thrombosis/

http://www.bloodjournal.org/content/108/8/25
87



Hemostasis

= set of mechanisms which prevent and stop bleeding

= three main processes. - ARTERIES VEINS CAPILLARIES

- reaction of vessels
- actions of platelets
- blood clotting

)
:

» Steady, slow flow  Slow, even flow
« Dark red color

 Spurting blood
« Pulsating flow
« Bright red color

https://www.firstaidforfree.com/what-are-the-different-
types-of-bleeding-in-first-aid/
" balance between procoagulant and anticoagulant factors
to prevent/stop bleeding but also to prevent
intravascular clotting! (thrombosis, risk of embolism)



Hemostasis (white clot)

reaction of vessels - vasoconstriction

- myogenic contraction
(direct damage)

> S
- serotonin, \ L
thromboxan A2 \\ | \
(platelets) —
- endothelin 1 ao—
(endothelial cells; gt rodcolr s
thrombin, fibrinogen ) https.//www.firstaidforfree.com/what-are-the-different-
- e pl nep hrine ( pa in ) types-of-bleeding-in-first-aid/
- fibrinopeptides

the extent of vasoconstriction depends on the severity of vascular
injury



Hemostasis (white clot)

actions of platelets

- vasoconstriction - serotonin, thromboxan A2
- formation of plug
- blood clotting (clotting factors in a-granules)

adhesion
activation
aggregation



Hemostasis (white clot)

= actions of platelets

= adhesion
- impaired endothelium — collagen, fibronectin, laminin
(components of the subendothelial matrix) — platelet membrane
receptors (glycoproteins, integrins)
- von Willebrand factor (VWF) released from endothelial cells and
from oc—granules of thrombocytes (high shear stress, certain cytokines, hypoxia)

BREAK IN BLOOD VESSEL

i

coagulation rxns collagen\ Eé}&—\? R iz
‘— thrombin — g4
-~
fibrinogen TXA2 f
rin R thrombin i
glycoprotein lib/llla
- VWF

growth factors
etc

https://courses.washington.edu/conj/bloodcells/platelets.htm



Hemostasis (white clot)

= actions of platelets vasoconstriction (5-HT, TXA2)
stimulation of adhesion (VWF),

activation and aggregation (ADP, PAF)
= activation / mitogenic effects (PDGF)

- degranulation: dense granules — serotonin (5-HT), Ca%*, ADP, ...
a-granules — vVWF, clotting factor V, fibrinogen,
growth factors (PDGF), ...

thromboxan A2 (TXA2; cyclooxygenase)
- morphological BREAK IN BLOOD VESSEL
changes e

coagulation rxns collagen\ c?&_\j
. thrombin —— e

ranules

-~

fibrinogen TXA2 f |

= thrombin 4
glycoprotein lib/llla

- VWF

growth factors
etc

= adhesion

https://courses.washington.edu/conj/bloodcells/platelets.htm



Hemostasis (white clot)

= actions of platelets

= adhesion
m 3ctivation

- degranulation: dense granules — serc_
a-granules — vVWEF, clo
growth factors (PDGF

thromboxan A2 (TXA

- morphological
changes
(pseudopodia)

vasoconstriction (5-HT, TXA2)
stimulation of adhesion (VWF),
activation and aggregation (ADP, PAF)
mitogenic effects (PDGF)

Subendothelial
matrix

_.

Platelet

activation C
Granules Activation /

ApP I3 a ::V‘VF;br;n:g:n
5%
https://www.researchgate.net/publicat
ion/308050751_Dual_antiplatelet ther
apy_for_acute _coronary_syndromes H
ow_long_to_continue/figures?lo=1



Hemostasis (white clot)

actions of platelets

adhesion

activation

aggregation

activation of additional platelets
(ADP, 5-HT, TXA2) promotes their
aggregation

molecular bridges between
platelets: von Willebrand factor
(VWEF), fibrinogen

Platelet
activation

Granules Activation

@e®
Ree

b ibrino en
ADPI s ,::'4;:' ‘g‘

5%
https://www.researchgate.net/publicat
ion/308050751_Dual_antiplatelet ther
apy_for_acute _coronary_syndromes H

ow_long_to_continue/figures?lo=1



Hemostasis (white clot)

= actions of platelets

= adhesion
m 3ctivation

= aggregation
- activation of additional platelets
(ADP, 5-HT, TXA2) promotes their
aggregation
- molecular bridges between
platelets: von Willebrand factor
(VWEF), fibrinogen

https://www.youtube.com/watch ?v=WFalx6-uflg

= white clot



Hemostasis

Factors Involved in Platelet Function

Chemical Factor

Collagen

von Willebrand factor
(VWF)

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.



Hemostasis (red clot)

" blood clotting

I Fibrinogen Half-life (h): 96
I K Prothrombin 72
Il Tissue thromboplastin

\Y lonized calcium (Ca?*)

V Proaccelerin 20
VI Proconvertin 5
VIII Antihemophilic factor A 12

IX®  Antihemophilic factor B; plasma
thromboplastin component (PTC);

Christmas factor 24
XK Stuart-Prower factor 30
XI Plasma thromboplastin antecedent

(PTA) 48
Xl Hageman factor 50
X Fibrin-stabilizing factor (FSF) 250

- Prekallikrein (PKK); Fletcher factor

- High-molecular-weight kininogen
(HMK); Fitzgerald factor

Despopoulos, Color Atlas of Physiology © 2003 Thieme



Hemostasis (red

" blood clotting

surface contact activation

clot)

D) Huwk G
Xi Kallikrein m
\—/
7\

I Fibrinogen Half-life (h): 96
Ik Prothrombin 72
Il Tissue thromboplastin
\Y lonized calcium (Ca?*)
\ Proaccelerin 20
VII®  Proconvertin 5
VIl Antihemophilic factor A 12
IX®  Antihemophilic factor B; plasma

thromboplastin component (PTC);

Christmas factor 24
XK Stuart-Prower factor 30
Xl Plasma thromboplastin antecedent

(PTA) 48
Xl Hageman factor 50
X1l Fibrin-stabilizing factor (FSF) 250

- Prekallikrein (PKK); Fletcher factor

- High-molecular-weight kininogen
(HMK); Fitzgerald factor

Despopoulos, Color Atlas of Physiology © 2003 Thieme

Prekallikrein

Cell— Tissue
factor

o~

Endothelial cells

5 by O Ay
A
COMPLEX Injury!
TF-Vila-Ca®*
Ca2+
W ==
X

T i
Prothrombin

Fibrinogen

Fibrin
monomers

Xl Fibrin
U polymer

Stable
fibrin
COMMON PATHWAY

Fibrino-
peptides

https://doctorlib.info/physiol
ogy/medical/101.html|




Hemostasis (red clot)

= fibrinolysis

Intrinsic pathway

Damaged surface

[ xn —— xi1a

@l

IX

Ca

Common pathway

[x]

IXa

Extrinsic pathway

Trauma

[ viia

vii |

TF

x|

Ca, PL

TAFI §
l Prothrombin Thrombin ( ) Plasmin
va, Co, PL

Fibrinogen

Fibrinolytic cascade

tPA — tissue plasminogen activator

uPA — urokinase plasminogen activator

PAI-1, PAI-2 — plasminogen activator inhibitors
TAFI — thrombin-activatable fibrinolysis inhibitor
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Hemostasis (red clot)

" clotting is counteracted by anticoagulating mechanisms

a) non_humoral ContrOI Heparin Exogenous Endogenous
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Hemostasis - Summary
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Hemostasis — Endothelial Cells

TABLE 14-16 Anticlotting Roles of Endothelial Cells

Action Result
Normally provide an intact barrier between the blood Platelet aggregation and the formation of tissue factor-
and subendothelial connective tissue factor Vlla complexes are not triggered
Synthesize and release PGIl; and nitric oxide These inhibit platelet activation and aggregation
Secrete tissue factor pathway inhibitor Inhibits the ability of tissue factor—factor Vila complexes to

generate factor Xa

Bind thrombin (via thrombomodulin), which then activates Active protein C inactivates clotting factors Villa and Va
protein C
Display heparin molecules on the surfaces of their plasma Heparin binds antithrombin Ill, and this molecule then
membranes inactivates thrombin and several other clotting factors
Secrete tissue plasminogen activator Tissue plasminogen activator catalyzes the formation of

plasmin, which dissolves clots




Intravascular Coagulation

= caused by damage of endothelium due to:

- atherosclerosis (myocardial infarction, stroke)
- inflammation (venous thrombosis, pulmonary embolism)

= antithrombotic drugs

Antithrombotic Drugs I

Y

Antiplatelet drugs Anticoagulants Fibrinolytic agents

Source: Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson JL, Loscalzo ): Harrison’s
Principles of Internal Medicine, 18th Edition: www.accessmedicine.com

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



Antithrombotic Drugs

Y

Antiplatelet drugs Anticoagulants Fibrinolytic agents

Mechanisms of action
Plaque Disruption of antiplatelet drugs
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Antithrombotic Drugs

Antiplatelet drugs

Anticoagulants Fibrinolytic agents

Coagulation Cascade and

Xa

Activation of . Low-molecular-weight heparin
coagulation cascade AntlcoagUIantS Unfractionated heparin lla, Xa
i ™™  Warfarin lla, Vlla, 1Xa, Xa
X ——p | ¢—  Direct thrombin inhibitor lla
Contact activation Common pathway E (dablgatran’ argatroban, Ll
intrinsic pathway Xi X, XL, I, 11, and V e
XIl, X1, 1X, and Vil I Fibrinogen Half-life (h): 96
Thromboplastin A 1K Prothrombin 72
(tissue factor) i 1l Tissue thromboplastin
vi —— Vll S—— @ — Vi \% lonized calcium (Ca?*)
Tissue factor activation T v v Proaccelerin 20
extrinsi::";rathway X ——— (S VII®  Proconvertin 5
:::: Kneitbirombi VIl Antihemophilic factor A 12
: e mallnly bbbz Ferantilia IX*  Antihemophilic factor B; plasma
\ . but also inhibits thromboplastin component (PTC);
Tl —’ [|'a‘_ j A : Vlla, IXa, Xla, and Xlla Christmas factor 24
Protiombin T".’_f"""'" XK Stuart-Prower factor 30
I —) . Xl Plasma thromboplastin antecedent
Fibrinogen Fibrin , i LPTA) ; :3
- tPA _ : = ageman factor
Plasminogen —p Plasmin ... - v . XIll  Fibrin-stabilizing factor (FSF) 250
CLOT FORMATION - Prekallikrein (PKK); Fletcher factor

https.//step2.medbullets.com/heme/121681/anticoagulants

- High-molecular-weight kininogen
(HMK); Fitzgerald factor

Despopoulos, Color Atlas of Physiology © 2003 Thieme



Antithrombotic Drugs

\

Antiplatelet drugs

Anticoagulants

Fibrinolytic agents

Coagulation cascade

Fibrinolytic cascade

tPA — tissue plasminogen activator
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Blood Clotting Testing

= bleeding time, clotting time

= prothrombin time
= activation partial thromboplastin time

Ca* —— Ca* ________Kaolin
\ Thromboplastin \ / Phospholipid

citrated plasma -]

citrated plasma




Blood Clotting Testing

bleeding time, clotting time

= prothrombin time

activation partial thromboplastin time
XII

Intrinsic Extrinsic
ActivatedPartial = X1 i
Activated Partia Prothrombin

Thromboplastin Time IX VIl Time
aPTT VIII PT

About 25 - 39 seconds Alhicat 12 sovonds

T 2 1 4 e i) — = wr

he PTT is used to evaluate the coagulation | X
factors XII, XI, IX, VIII, X, V. II
(prothrombin) and I (fibrinogen).

—
1

PT test evaluates the coagulation factors
Vv VII, X, V, II, and I (fibrinogen).
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Prothrombin (Il) ) ~ Thrombin  ;75077504249510600/



Blood Clotting Testing

= bleeding time, clotting time
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Coagulation Disorders

" blood clotting starts either spontaneously or after
inadequately small stimulus, or blood clotting blunted

- diseases of vessels

- platelet disorders (thrombocytopenia, thrombocytopathy)

- coagulopathies
a) disorders of synthesis of clotting factors (e.g. hemophilia,
hypovitaminosis K, therapy with coumarin derivatives)

b) disorders of metabolism of clotting factors (e.g. consumptive
coagulopathy, hyperfibrinolysis, therapy by heparin, repeated
transfusions)



