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Functions of the blood 

 Delivers nutrients from the digestive system to 
all parts of the body 

 Transports oxygen from the lungs to all parts of 
the body 

 Transports carbon dioxide from all parts of the 
body to the lungs 

 Transports waste products from cells to the 
external environment mainly via the kidneys 

 Transports hormones from the endocrine system 
to target cells or organs within the body.  

 



Functions of the blood 

 Through continuous exchange of it's 
components with tissue fluids promotes fluid 
and electrolyte balance 

 Defends the body against attack from foreign 
organisms via the white blood cells and 
antibodies 

 Defends the body against injury or infection 
via the inflammatory response 

 Prevents serious hemorrhage by the clotting 
process 

 Maintains the body's temperature  
    by circulating heat 

 





Composition of the blood 

• The blood is a mixture of cells, fluid, proteins and 
metabolites.  

• Blood has four major elements:  

- red blood cells (transport oxygen from the lungs to organs 
and peripheral sites; water-base buffer)    

- white blood cells (have a defensive role in destroying 
invading organisms e.g. bacteria and viruses)  

- platelets (the first line of defence against damage to blood 
vessels)  

- plasma (the proteinaceous substance in which the other 
three elements circulate)           

 



Formation of blood cells 

Hemopoiesis 



 Hemopoietic cells (those which produce blood) first 
appear in the yolk sac of the 2-week embryo.  

 By 8 weeks, blood making has become established 

 in the liver of the embryo, and 

 

 

 by 12-16 weeks the liver has                                          
become the major site of blood                                           
cell formation. It remains an active hemopoietic site 
until a few weeks before birth.  

 The spleen is also active during this period, 
particularly in the production of lymphoid cells, and  

 the fetal thymus is a transient site for some 
lymphocytes. 

 



Development of Marrow 

 The highly cellular bone 
marrow becomes an active 
blood making site from about 
20 weeks gestation and 
gradually increases its 
activity until it becomes the 
major site of production 
about 10 weeks later. 

 At birth, active blood making 
red marrow occupies the 
entire capacity of the bones 
and continues to do so                
for the first 2-3 years after 
birth 



 Development of Marrow  

 The red marrow is then very gradually replaced 
by inactive, fatty, yellow, lymphoid marrow.  

 The yellow marrow begins to develop in the 
shafts of the long bones and continues until               
(by 20-22 years) red marrow is present only in the 
upper ends of the femur and humerus and in the 
flat bones 

 total amount of active red marrow is nearly 
identical in the child and the adult 

 

 



Red Marrow Function 

 About two-thirds of its mass functions in 
white cell production (leucopoiesis), and 
one-third in red cell production 
(erythropoiesis). 

  However there are approximately 700 
times as many red cells as white cells in 
peripheral blood. 



Regulation of 
erythropoiesis 

 Hormones and 
lymphokines 
(erythropoietin, BPA 
interleukins, ACTH, 
TSH, thyroid hormones, 
glucocorticoids, 
testosteron etc.) 

 vitamins (B12, folic acid, 
B6) 

 metals (Fe, Co, Cu, Mn, 
Zn) 



Erythropoietin 
 (EPO) 

 

 Erythropoietin is 
synthesized in the 
juxtaglomerular cells 
of the kidneys and is 
released into the blood 
in response to hypoxia 
in the renal arterial 
blood supply. 
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Reticulocytes  

 less than 2% of RBCs in 
the healthy adult.  

 Reticulocyte count 
increases during rapid 
erythropoiesis  

 A reticulocyte normally 
takes 2-4 days to mature 
into an erythrocyte. 



Red Blood Cells 
 

 

 

 Biconcave shape; lack of nuclei 

and organelles  

 normal erythrocytes must be 
very flexible 

Red blood cell flexibility  
 



 Normal adult ranges: 
men 4.5-6.0 T/L; women 
3.8-5.2 T/L 

 All red blood cells have 
a limited life span of 
around 100 to 120 days  

 Aged RBC's are 
removed by the spleen, 
liver and the bone 
marrow 

Red Blood Cells 



The Metabolism of Hemoglobin 
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• Spleen, liver, and marrow 
macrophages recognize and ingest 
old RBCs 

• Heme is converted to bilirubin; 

• Bound bilirubin is transported to 
the liver, where it is converted into 
bile salt 

• Small intstine bacteria convert 
bilirubin into the urobilinogen, most 
of which is eliminated in the feces 
in the form of stercobilin  

• Some urobilinogen is absorbed 
from the intestine and excreted 
with urine, where it becomes 
oxidized to urobilin 



Fetal hemoglobin 

 

 In fetus: Hb type F (2α+2γ 
chains) predominates; HbF 
has  greater affinity to O2 
 

 At birth HbA begins to 
replace HbF.  

 by the time the child is 6 
months old, the 
replacement is nearly 
complete 



Anemias 

 Abnormally low oxygen-carrying capacity of 
the blood resulting from deficiency in the 
number of :  

 - RBC,   

   - Hb,  

 - or both 

 

 Anemia = when Hb is less than 12g/dL 
(norm: men 13-17g/dL, women 12-16 g/dL) 

 

Hb molecule 



Signs and symptoms                               
of anaemia 

CNS 

 Debilitating fatigue 

 Dizziness, vertigo 

 Depression 

 Impaired cognitive function 

Immune system 

 Impaired T cell and  

macrophage function 

Cardiorespiratory system 

 Exertional dyspnoea 

 Tachycardia, palpitations 

 Cardiac enlargement, hypertrophy 

 Increased pulse pressure,  

systolic ejection murmur 

 Risk of life-threatening cardiac  

failure 

Gastro-intestinal system 

 Anorexia 

 Nausea 

Genital tract 

 Menstrual problems 

 Loss of libido 

Vascular system 

 Low skin temperature 

 Pallor of skin, mucous  

membranes and conjunctivae 

Adapted from Ludwig H, Fritz E. Semin Oncol. 1998;25(suppl 7):2-6. 



Dietary requirements for 
sufficient red blood cell production 

Dietary element Role in red blood cell production 

Protein 
 Required to make red blood cell proteins and    

 also for the globin part of hemoglobin 

 

Vitamin B6 
 It plays role in heme synthesis 

 

Vitamin B12 and folic acid 
 Needed for DNA synthesis and are essential in   

 the process of red blood cell formation 

 

Vitamin C 

 Required for folate metabolism and also  

 facilitates the absorption of iron. Extremely  

 low levels of Vitamin C are needed before any  

 problems occur. Anemia caused by lack of  

 Vitamin C (scurvy) is now extremely rare 

 

Iron 
 Required for the heme part of hemoglobin 

 

Copper and Cobalt (heme synthesis, 

EPO) 

 There are some reports suggesting that these two   

 minerals are essential for the production of red  

 blood cells in other animals but not in humans 

 



 Iron in organism 

 65-75% in Hb 

 About 13% in ferritin 

 About 12 % in hemosiderin  

 About 5% in mioglobin 

 1% in enzymes (catalase, 
cytochromes) 

 1% in transferrin 

Spleen, iron in 
macrophages 



Normal vs. low iron 
 



Vitamin B12 and folic acid 





Polycythaemia (excess red blood 
cell production) 

 RBCs > 6.0 T/L,  HCT and 
HGB 

 Reasons: 
- primary (cancer of myeloid 

tissue) 
- secondary increase in EPO 

sythesis (high altitude, 
chronic lung disease, 
smoking) 

- pathological increase of 
EPO  

 (kidney dieases, liver 
tumors) 



Normal values of some haematological parameters 
(CBC – complete blood count) 

Parameter  Value 

Hemoglobin                            men 

(HGB)                                   women 

13-17 g/dL 

12-16 g/dL 

Red cell count                         men 

(RBC)                                    women 

4.5-6.0 T/L 

3.8-5.2 T/L 

Mean corpuscular volume (MCV) 78-95 fL/RBC 

Hematocrit (PCV)                    men 

women 

40-52% 

37-47% 

Reticulocytes  0.2-2.0% 

White cells count (WBC) 4-11 G/L 

Platelets (PLT) 150-400 G/L 



White blood cells (WBC) 



The RBC's in the background appear normal. The important finding 
here is the presence of many PMN's. An elevated WBC count with 
mainly neutrophils suggests inflammation or infection. A very high 
WBC count (>40G/L) that is not a leukemia is known as a "leukemoid 
reaction". This reaction can be distinguished from leukemia by the 
presence of large amounts of leukocyte alkaline phosphatase (LAP) 

in the neutrophils.  

leukemia 

Leukemoid reaction 



 
 
 Here are very large, immature myeloblasts typical for 
acute myelogenous leukemia (AML) that is most prevalent 
in young adults. 



There are five main types of  
white blood cells (Schilling’s count): 

 

· neutrophils 45-65 %  

· eosinophils 1-4 %  

· basophils 0.5-1 %  

· lymphocytes 20-40 %  

· monocytes 3-8 %  



Neutrophils 

 Neutrophils are the most common granulocytes. 
They have segmented or rod-shaped nuclei, 
typically with 2 to 5 lobes („segments”, „bands”) 

 They are motile, can change their shape and are 
actively phagocytic 

 The cytoplasm of neutrophils contains three 
types of granules 

45-65% 

2 neutrophils: with rod-shaped nucleus 
(band neutrophil) 

    and segmented nucleus 

(segment) 



Neutrophils 

 Primary granules are 
non-specific and 
contain lysosomal 
enzymes, and some 
lysozyme. The granules 
are similar to 
lysosomes.  

 The enzymes (MPO) 
produce hydrogen 
peroxide 



Oxygen-depedent killing 

 Respiratory (oxidative) burst 

 Molecular oxygen reduced to a range of 
intermediates: 

- superoxide anion 

- hydrogen peroxide 

- hypochlorite anions 

- singlet oxygen 

- hydroxyl radicals 

they are powerful anti-
bacterial agents  

 



Oxygen-independent killing 

 Lysozyme destroys 
bacterial cell walls 

 Cationic proteins cause 
pH to fall 

 Acid hydrolase 
enzymes degrade 
carbochydrates, 
proteins, lipids, and 
nucleic acids 

 



Neutrophils 

 Secondary granules are specific to neutrophils. 
They contain collagenase, to help the cell move 
through connective tissue, and lactoferrin, which 
is toxic to bacteria and fungi.  

 

 Tertiary granules may produce proteins which 
help the neutrophils to stick to other cells. 

 

 



Capillary or small venule 

Diapedesis 

Chemotaxis 

Cell death, 

tissue damage, 

microbial invasion, 

release of chemotactic 

factors by other 

cells. 

Neutrophils are phagocytes that can exit the 
bloodstream (diapedesis) and travel to 

inflammation. 



Bacteria 

Nucleus 

Neutrophil 

Phagolysosome 

Lysosomes 

containing 

digestive 

enzymes 

1.  Ingestion of bacteria by 
neutrophil. 
 
2.  Phagosome forms around 
bacteria. 
 
3.  Degranulation of lysosomes 
to form digestive vacuole 
(phagolysosome). 
 
4.  Bacterial lysis by digestive 
enzymes. 
 
5.  Dispersement of phagosome 
in cytosol. 
 
6.  Neutrophil lysis. 

Neutrophils get to an infection early in large 
numbers, ingest microbes, die, and damage tissue 

Formation of 

phagosome 



Eosinophils  
1-4% 

 bi-lobed nucleus  

 they increase greatly in 
many types of parasitic 
infection 

 they also increase in 
number in some allergic 
states (they neutralise 
the effect of histamine) 



 Function of eosinophils - 
summary 

 they regulate allergic reactions 

 they defence against parasitic 
infections 

 they participate in antigen 
presentation (for antibodies 
synthesis) 

 they play role in hemostasis 
(plasminogen) 
 
 
 
 



Basophils  
0-1%  actually become mast cells 

on leaving the blood and 
entering surrounding 
tissues 
 

 basophils are not 
phagocytic cells !!! 
 

 



Basophils  

 Response to specific 
allergens is rapid and 
results degranulation and 
release of histamine and 
other agents (among them 
SRS-A, heparin).  

 

 The reaction known as 
immediate hypersensitivity.  

 



 
 
There is a basophil in the center of the field which has a 
lobed nucleus (like PMN's) and dark blue granules in the 
cytoplasm. A band neutrophil is seen on the left, and a 
large, activated lymphocyte on the right. 
 



Basophil funtion - summary 

 facilitate cell 
migration to the site 
of inflammation 

 participate in allergic 
reactions 

 modulate blood 
clotting and lipid 
profile (via heparin) 

 

 



Monocytes  
3-8% 

 the largest cell type seen 
in blood smears 

 nuclei are not 
multilobular like 
granulocytes, but may be 
U-shaped or deeply 
indented (S-shaped)  

 Monocytes are actively 
phagocytic  

 Monocytes can migrate 
out of the bloodstream 
and become tissue 
macrophages  

 they form part of                  
a cell network known as 
the monocyte-
macrophage system 
 

 



Monocytes 

 

 respond more slowly than 
neutrophils to chemotactic stimuli 

 ingest and destroy bacteria, dead 
cells, iron and foreign matter 

 modulate of the immune response 
by processing antigen structure 
and facilitating the concentration 
of antigen at the lymphocyte's 
surface (antigen presentation) 

 


