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* THE AVERAGE BLOOD VOLUME OF ADULTS IS ABOUT
7 % OF BODY WEIGHT, OR ABOUT 5 LITERS.

*ABOUT 55 % OF THE BLOOD IS PLASMA AND 45 % IS
RED BLOOD CELLS, BUT THESE PERCENTAGES CAN
VARY CONSIDERABLY IN DIFFERENT PEOPLE,

DEPENDING ON GENDER, WEIGHT, AND OTHER
FACTORS.




The physical and chemical properties of the blood

¢ red color fluid with suspended blood cells
v'viscosity = 4,0-5,0 (water = 1)
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Functions of the blood

» transport of gases, nutrients, and waste products

» homeostatic function — the blood participates in maintenance of
constant body temperature, pH, volume and pressure of extracellular
fluid

»defensive function — against infections and blood loss




Table 6.3.1 The composition of plasma

Constituent Proportion/concentration
VWater 92% of total volume
Proteins 7% of total volume
Albumin 31-55 g/i
Globulins 23-34 g/l } 60- 80 g/l COP 28 mmH
Fibrinogen 2—-4 g/l
Other solutes
Bicarbonate 2127 mmol/l
Calcium 2.1-2.5 mmol/l
Chloride 95—-103 mmol/l
Magnesium 0.7-1.3 mmol/I
Phosphate 0.9-1.3 mmol/l
Potassium 4.0-5.0 mmol/l
Sodium 135-142 mmol/l
Sulphate 83-125 umol/l
lons (total) 260-280 mmol/l —m 290 mOsm/kg
Cholesterol 3.5-6.5 mmol/l
Glucose 4.5-5.5 mmol/l
Iron 13— 32 umol/l
Urea 2.5-6.7 mmol/l

Uric acid 0.18-0.42 mmol/l




Plasma proteins

1brinogen- 2-4%
s : ooy B (By,5,) y

* albumins have the lowest molecular
eight and are strongly charged Alburnin

= v globulins have the highest molecular ahe e
eight and are weakly charged. The '
most of them are antibodies. beta-

ok ulins

d all albumins, fibrinogen and 50- Jlobulins
80% of globulins are formed into the

liver. The other globulins are formed

Separaking serum probeins

in the lymphatic system. " by electrophoresis




Functions of plasma proteins

»Albumins = 32-52 g/l: ~—— Colid Osmotie —— Cold Gemote

pressure

—

vThey determine at high degree | | Blood———
(80%) colloid-osmotic (oncotic) ressure - pressure:
pressure of the plasma, on which

NET PRESSURE

> Globulins - 23-35 g/1 heterogenic group with different functions:
v'a, B — for transport of Fe, Cu, hormones, vitamins (A, D, E, K),
lipids

v’y — antibodies against foreign antigens,

hey perform humoral immunity

»Fibrinogen — participates in hemocoagulation




Blood cells
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Red blood cells 99.9%

»leukocytes

Neutrophils Eosinophils
(50-70%) (2-4%)

RED BLOOD CELLS

{thrombocytes (platelets)

Monocytes (2-8%)




Tests for blood cells determination
»determination of number of blood cells — electronic or chamber

blood cells counting
»determination of the type of blood cells — preparation and watch

; , Thrombocyte

'

of blood smear




¢ Hemopoiesis is the process of Production of Blood Cells.

»There are 2 types of hemopoiesis:
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= Acceleration of hemopoiesis because pathological decrease of
number of blood cells. It 1s specific — only increased production of

Bone Marrow
Stem cell Progenitor cells
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Neutrophil series

Eosinophil series

Basophil series
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Hemopoiesis in bone marrow

= Stem cells have specialized receptors for them.

Stemcell ——

Extracellular
matrix

Macrophage
4 Fat cell

Endothelial cell Fibroblast

——@ Adhesion molecule )>——Ligand
—@ Growth factor >——— Growth factor receptor




Hemopoiesis

Key:

I:l Progenitor cells

Precursor cells or "blasts"

Key:

CFU-E Colony-forming unit—erythrocyte
CFU-Meg Colony-forming unit-megakaryocyte
Formed elements of circulating blood Pluripotent stem cell CFU-GM  Colony-forming unit-granulocyte

macrophage
:] Tissue cells
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Control of hemopoiesis

% Control of hemopoiesis ensures
exact balance between the rate of cell
production and the rate of controlled

cell death.

production

+»Control uses local and humoral mechanisms.

Stem cells Progenitor cells Recognizable cells

Self-renewal @ @
»The local mechanisms include
Interaction between iy (@) ———
hemopoietic cells and stroma ‘
of bone marrow, and are @ eih il
Stromal cells

1mportant in early phases of

hemopoesis.

Local control




o Colonia-stimulating factors: SCF (stem cell factor)
LIF (leucocyte inhibitory factor) GM-CSF
(eranulocyte /macrophage), MEG-CSF

o trombopoietine
o erythropoietine

o interleukins (IL-1, IL-3, IL-4, IL-5, IL-6, IL-7, IL-

11)




Red Blood Cells (Erythrocytes)
‘¢ Functions of RBC:
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of the blood to transport enormous quantities of CO, in the form of
bicarbonate ion (HCOy') from the tissues to the lungs, where it is
reconverted to CO, and expelled into the atmosphere as a body waste
product.

The hemoglobin in the cells is an s ' e
excellent acid-base buffer (as is true of A ‘
most proteins), so that the red blood cells
are responsible for most of the acid-base }\
buffering power of whole blood.
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Shape and Size of Red Blood Cells
>»number of RBC - 4.5 - 5.9.101%/1 & and 4.2 - 5.2.101%/1

Shape - Normal red blood cells are biconcave discs
having a mean diameter of about 7.8 pm and a thickness

>MCV~90 (82-98) fl




Characteristics of RBC morphology and metabolism:

>they have not mitochondria; the sours of energy is anaerobic
olycolysis

» glycolysis has important role for :

v formation of 2,3-diphosphoglycerate (2,3-DPG) that decreases
ffinity of Hb to O, and increases its removal to the tissues

Diffusional o
pathways At equilibrium
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CHARACTERISTICS OF RBC MORPHOLOGY AND METABOLISM:

o RBC membrane has high permeability for water and
anions (Cl- and HCOy)

o They exchange rapidly CO, and serve as its transporter

from the tissues to the lungs




Deformation of RBC membrane

¢ They can change the shape passing through thin capillaries

»>the possibility of deformation depends on:




Hemolytic diseases, connected with the abnormal RBC shape

*»* the causes for these diseases are;: Hypothesis

»altered interaction between
membrane and cytosckeleton, loss of
lipids from membrane and decreased

ratio surface:volume

}

lipid bilayer destabilization skelelal destabihization

loss of membrane material mifd / \ severe

ﬂ vertical defect horizontal defect
]

defective shape fragmentation
r

I ecovery

»disturbance during formation of cytoskeleton
(eliptocytosis) -
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Heme group (Fe)

Hemoglobin

CH2CH2COOH




Hemoglobin

% functions:
»>transport of O, from the lungs to the tissues

»>transport of CO, from the tissues to the lungs
»the most powerful buffer system of the blood

* normal concentration: 160+20 g/l (m) ; 140+20 g/1 (f)
1 Hemoglobin is globular chromoprotein (mw ~64000),

.-‘nnonnnnl- ‘nn.nl ll

v'globin- polypeptide chain that bound heme and CO,

A0 molecule of Hb has 2 sparing polypeptide chains:
¢ Hb A has 2 a and 2 B chains




Hemoglobin

o chain— chromosome 16;

B, 8, y chains — chromosome 11

adults

Hb A (95 - 97 %) — o, B
Hb A, (1 — 3 %) — oy, O
N —~ 10 7

normal

apnorma

Normal

Hb S — a,, B,°— glutamat is replaced by valine

Hemoglobin C — a,,, B,¢ - glutamat is replaced by lisine
Hemoglobin H (B,): a-thalassemia

Thalassaemia

Chromosome 16 Chromosome 11
| Alpha | Alpha | | Gamma | Gansma f Deta J Beta |
| Alpha | Alpha | | Ganwna | Ganmwna §| Deita | Beta |

Alpha ] Alpha |

- 97% = Hemoglobin A
“Beta | o
.:' T - . Gamma |

1% = Hemoglobin F
(Fetal)

Delta Delta

2% = Hemoglobin A2




Sickle cell anemia

»deformed erythrocytes make aggregats that close the vessels
and cause the hemolysis

»hemolytic anemia occurs with hypoxia,because of disturbansed
microcirculation

Normal Condition Sickle Cell Anemia Acute Sickle Cell Event




The compounds of hemoglobin

»0Oxvhemoglobin — combination of
Hb with O,, the iron is Fe?*

v'oxyhemoglobin removes O, to the
tissues, because of their lower pO,.

Melral, cool (lungs),
high 02, low G2

-

Acidl, warm (lissues)
high CO2, low G2




THE COMPOUNDS OF HEMOGLOBIN

Carbaminohemoglobin (carbhemoglobin) —
combination of Hb with CO, CO, 1s bound to globin
- transport form of CO, from the tissues to the lungs

Methemoglobin — oxidased form of Hb, Fe?* becomes




»normal value: male = 0,40-0,55 I/l ; female = 0,35-0,50 1/1

v'the number of erythrocytes 1s changed
v'the volume of erythrocytes 1s changed
v'the volume of plasma 1s changed

Plasma
(55% of whole blood)

— Buffy coat:
leukocytes and platelets
(<1% of whole blood)

Formed
Erythrocytes elements
(T)withdrawblood  (2)Centrifuge (45°% of whole blood)
and place in tube




Erythropoiesis occurs 1in red bone marrow of the membranous

bones, such as the vertebrae, sternum, ribs, and 1lia.

»erythrocytes are formed from pluripotential hematopoietic
stem cell:

v BFU-E (burst forming unit-erythroid) or proerythroblast
v CFU-E (colony forming unit-erythroid) or early erythroblast
v'late erythroblast v'normoblast v'reticulocyte verythrocyte

Stem cell Committed cell Developmental pathway

Phase 1 Phase 2 Phase 3
Ribosome synthesis| | Hemoglobin accumulation | |Ejection of nucleus

@@ ®0iko

Normoblast

>




Erythropoiesis

;{ eticulocyte

k Erythrocyte

Proerythroblast
Orthochromatic

F. W eiyihroblast ’
4

Polychromatic
erythroblast
Basophilic
erythroblast

¢ reticulocytes are av. 0.5 — 2.5 % of erythrocytes in peripheral blood

»>they have ribosomes, rough ER and can synthesize hemoglobin

O for 2 days life in the blood they become erythrocytes

v'their number increase during accelerated erythropoesis




Control of erythropoiesis

1t 1s glycoprotein (mw ~30 kDa

" 1t 1s synthesized mainly by the peritubular intersthicial cells in
the renal cortex and outside medulla and small quantity (10-15%
by the liver




Control of secretion of erythropoietin

¢ the main stimulating factor i1s hypoxia

U negative feedback loop that participates in maintenance of
normal pO, in the blood

Iy,
“ce Start

C Normal blood oxygen levels ) Stimulus: Hypoxia due to
decreased RBC count,
Ih'ba 7 l decreased availability of O5
Mece to blood, or increased
tissue demands for Oy

Increases

O5-carrying
abzlllty of blood

Reduces O5 levels

a ? in blood
N SEm

Kidney (and liver to a smaller

"\ e Erythropoietin ' ier
Enhanced ) A stimulates red ‘ extent) releases erythropoietin
erythropoiesis { bone marrow !
\ "

increases
RBC count

v'synthesis of erythropoietin is stimulated and by the hormone.
as - testosterone, growth hormone, thyroxin and cateholamines




Effects of erythropoietin on bone marrow

Some stimulus disrupts
homeostasis by

Decreasing

Oxygen delivery to kid-
neys (and other tissues)

stem cells early BFLI¢ lat= BFLI¢ CFLE profinormoblasts)
I 1 [ 1 | — Kldney cells
L I ] detect low
[ = Z oxygen level
erythropoistin circulating red cells
Fa
= Input ‘ Increased erythropoietin
secreted into blood
peritutular atmospheric O P e e
interstitial c=lls g pharic s _~ Control center ;
e Z EEEREEIET RN 3 Return to homeostasis
" Eradei e v E G s Proerythroblasts in when oxygen delivery
" |L haemc\glnbln_mnc:antratlon red bone marrow to kidneys increases
renal circulation mature more quickly to normal
{ into reticulocytes
O3 sansor
O delivery
Output More reticulocytes
i enter circulating blood
kid ey G
Effectors

Larger number ¢ &
of RBCsin .
circulation QRIS
Increased oxygen
delivery to tissues
@ John Wiley & Sons, Inc



< Fe?*, vit B,,, folic acid, AA are important for normal
erythrop01e81s except erythropmetm

Plasma pe3+ ApoTi

F~\=:3+ Tf

Fe3‘*
Cp
Fe2+ z|<:

2+

Erythroid precursor

Reticuloendothelal

) , macrophage
Circulation Phag

120 days

 Missing of iron leads to microcytic anemia

»Vitamin B, and folic acid are important for synthesis of DN
hen they miss — megaloblastic anemia



Macrophages
in spleen, liver,
bone marrow

A
o

Destruction of erythrocytes

Fe?* transported in circulation

GE 1

MACROPHA

by transferrin

f

Bilirubin

BLOOD
120-day PLASMA New RBCs
] average released into
life span circulation
N 90% @
e < T
22" OId and !
damaged 10%
RBCs Hemolysis

= Hb

- Bilinm

KIDNEYS

LIVER

SMALL
INTESTINE

Bilirubin-derived
products

Excreted Absorbed into

in bile the circulation
pr— N
N [Bilirubin-derived Urobilins
Bilirubin ™™ products 3

Stercobilins
—— = A \
LARGE INTESTINE ‘\\\ in feces

Eliminated

Eliminated
in urine




antibody reactions, have been found in human on the surfaces of /@
he cell membranes of RBC.

Two particular types of antigens are much more likely
han the others to cause blood transfusion reactions. They are

he O-A-B system of antigens and the Rh system.

ABO System

v2 types agglutinogens- A and B

v'2 types agglutinins — anti-A (o) and anti-B (B)
= group A i1s divided into A, and A

.

Surface antigen A

)

Anti-B antibodies

(=Y

Landsteiner

@

Surface antigen B Surface antigens Aand B

X

Anti-A antibodies Neither anti-A nor
anti-B antibodies

Neither A nor B surface antigens

X rAY

Anti-A and anti-B
antibodies



ABO system Inheritance of blood groups

Blood
Group
(Phenotype) Genotypes
o i
ol o = O, A, B =
A or Oro 0 . A . A AL A — l
F i »
”~ = O, A, B |
=4 or ) B D B A B I/
" AB |
A B A B AB A B AR A B I
AB F ol o
Antibodies | Reaction When Blood from Groups Below Is Mixed
Present in | With Antibodies from Groups at Left
Slood 0 A B AB
Anti-A
Anti-B
5 Anti-B
Blood typing @




Rh system

¢ It 1s determined by the presence of antigens C, D and E.

EIRh( ) people have not anti-D antibodies, but they can produce thq

\/Rh( ) humane receives Rh(+) blood
vRh(- ) mother has Rh(+) fetus

A0 During the first pregnancy no
danger for the fetus, but after
delivery mother may produce anti-

antibodies and the second

¢ To prevent this reaction after the
birth of Rh(+) fetus must inject
antil-D immuno-globuline to this
Rh(-) woman to activate B Ly and
formation of cells of

ummunological memory.

Hemorrhaging
at delivery




The rules for hemotransfusion ‘

s The erythrocytes of the donor must not be agglutinated by
the serum of the recipient.

Ht

A

0 <EAB>> AB
| (Rh-) B o (Rh+)
= Before  hemotransfusion  must Universal Universal

determine Rh group, Rh (-) patients =
ust receive Rh(-) blood. donor recipient

> If donor blood of one blood type 1s transfused into a recipient who has
another blood type, a transfusion reaction is likely to occur in which the
red blood cells of the donor blood are agglutinated. Hemolysis of RBC
occurs and this leads to death.

’. + *(y_»

& ¥

Surface
antigens 4+ Opposing antibodies ———= Agglutination (clumping) and hemolysis




